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[bookmark: _Ref525565394][bookmark: _Ref525565395][bookmark: _Toc525915199][bookmark: _Toc526180165][bookmark: _Toc528652128][bookmark: _Toc532306900]Performance impacts from frame structure selection
One of the main scenarios for the rollout of 5G will be based on the 5G-NR air interface and on Macro BSs implementing AAS technology in a multi-operator environment. The unsynchronised operation in such scenario would pose additional challenges compared to the previous typical rollouts which:existing TDD uses in the 3500 MHz or 2600 MHz which:	Comment by United Kingdom: UK/15:  This language implies "typical mobile rollouts" whereas it is clear from the bullet points that "existing TDD uses of 3400 - 3800 MHz" is what is meant.	Comment by Nokia: NOK 48 - Editorial
Here we compare the 5G-NR rollout with previous rollouts in the same frequency band.
Were mostly based on Macro non-AAS BSs (see Section 2.2.2), where unsynchronised operation with guard band and custom filters wasere feasible cost-effectively;  while AAS make it more challenging	Comment by United Kingdom: Repetition
Were often involving one operator per geographic region with limited inter-operator synchronisation issues;	Comment by Nokia: NOK 50 -Edtorial (same typo)
Were mostly based either on WiMAX or LTE-TDD. 
Inter-technology synchronisation is another important aspect to be addressed. The synchronised operation between WiMAX and LTE-TDD has been was achieved in a number of cases in the past by adopting the “WiMAX compatible” LTE-TDD frame structure[footnoteRef:2] without significant performance loss for LTE-TDD (see ECC Report 216 Section 2.3.2). However, the synchronised operation between WiMAX / LTE-TDD and 5G-NR would impact 5G-NR performanceperformancemay imply a cost  in terms of latency in the first place, representing an issue forin terms of performance with regards to 5G  for URLLC use caseslatency targets especially.	Comment by Ericsson-Huawei: ERIC-HW/53: Editorial
The cost may not always be present [2:  LTE frame structure #2 with Special Subframe structure #5 3:9:2.] 

This Section focusses on the implications associated with the selection of a commoncompatible frame structure in a 5G-NR multi-operator context.  where tTherethere could may also be a need to ensure coexistence with LTE-TDD base stations for some Administrations. . This Section summarises the results from two performance assessments (see the full studies in ANNEX 3:) between three possible examples of 5G-NR frames (“DDDSU”, “DSDU” and “DDDDDDDSUU”[footnoteRef:3]). Other 5G-NR frame structures can be considered for selection, although the performance has not been assessed in this Report, such as: "DDSU", "DDSUU", "DDDSUUDDDD" or combinations like "DDDSUDDSUU".	Comment by United Kingdom: Separating this out into two thoughts. Both are considered separately in this section.	Comment by United Kingdom: It would be helpful if this section contained a summary of the differences between study #1 and study #2. It is not clear to the reader what the differences are which lead to such different results.	Comment by Latvia: LVA/6: Correction [3:  5G-NR frame structure compatible with LTE frame structure. ] 

[bookmark: _Toc525991205][bookmark: _Toc526067650][bookmark: _Toc526068273][bookmark: _Toc526139363][bookmark: _Toc526142405][bookmark: _Toc526180166][bookmark: _Toc526224431][bookmark: _Toc526228011][bookmark: _Toc526304203][bookmark: _Toc526304432][bookmark: _Toc525991206][bookmark: _Toc526067651][bookmark: _Toc526068274][bookmark: _Toc526139364][bookmark: _Toc526142406][bookmark: _Toc526180167][bookmark: _Toc526224432][bookmark: _Toc526228012][bookmark: _Toc526304204][bookmark: _Toc526304433][bookmark: _Toc525915200][bookmark: _Toc526180168][bookmark: _Toc528652129][bookmark: _Toc532306901]General information about 5G-NR frame structure
Compared to LTE-TDD, 5G-NR allows significantly more flexibility in the frame structure with the ability to configure uplink / downlink / mixed transmission at the 1ms sub-framesymbol level. This is one of the key elementsnecessary for some solutions   to fulfil IMT-2020 compliance on URLLC latency (URLLC).	Comment by United Kingdom: UK/17:  Our understanding is that 5G NR allows symbol-level control.	Comment by United Kingdom: UK/18:  Our understanding is that other approaches, such as SUL, do not require symbol level control in order to satisfy the URLLC criteria.
This Section provides a brief description for the 5G-NR frame structures while SectionsSection A3.1 and section A3.2 include more details on LTE-TDD and 5G-NR frame structures respectively. 
5G-NR downlink and uplink transmissions are organised into frames with 10ms duration, each consisting of ten sub-frames of 1ms duration. The number of consecutive OFDM symbols per sub-frame is given by:


Each frame is divided into two equally-sized half-frames of five sub-frames each with half-frame 0 consisting of sub-frames 0 – 4 and half-frame 1 consisting of sub-frames 5 – 9. The UL or DL transmissiontransmissions are configured within each slot. With reference to the transmission directions, OFDM symbols in a slot can be classified as 'downlink' (denoted 'D'), 'flexible' (denoted 'X'), or 'uplink' (denoted 'U') see ANNEX 3:.	Comment by United Kingdom: Is this true for all the proposed 5G NR frames?	Comment by Latvia: LVA/7: Correction
[bookmark: _Toc526180169][bookmark: _Toc528652130][bookmark: _Toc532306902]Performance impacts of 5G-NR frame structures
The frame structure selection has an impact on several aspects of network performance, including:
DL / UL traffic ratio;
Spectrum utilisation efficiency;
Round-trip time (RTT) latency[footnoteRef:4];	Comment by United Kingdom: This has not been defined yet. [4:  As defined in A.3.2] 

Coverage (DL synch. coverage and UL coverage.).
As described below, there are links between the aspects that are listed above. The selection of a certain frame structure will determine multiple impacts on the same aspects of network performance which may go in opposite directions. improve performance in some aspects whilst reducing it in others.. The selection of a certain frame structure therefore aims at reaching the most appropriate performance trade-off for the specific operator's needs and targets in terms of services to the end users.	Comment by United Kingdom: Simplifying language

The frame structure determines a specific DL- / UL ratio: the frame structure selection shall therefore carefully account for the expected traffic patterns. The DL- / UL ratio typically relates to the traffic generated by the services proposed by the operator and therefore can be linked to the business model of the operator. 
The more frequent are the DL / UL and UL / DL switching points, the lower the RTT is. A short latency helps improvingimproves the channel estimation quality (CQI feedback) using TDD channel reciprocity properties and also enables fast HARQ retransmissions. More frequent switching points therefore have has a positive impact on spectrum efficiency in high mobility conditions. On the other hand, considering that guard periods (GP) are required at each DL / UL switching, more frequent switching points increases the GP overhead with awhich can have a negative impact on spectrum efficiency.	Comment by United Kingdom: UK/20: Throughput lost to more frequent GPs could be offset in a massive MIMO scenario where more frequent channel sounding improves throughput
The frame structure impacts coverage performance. The guard period (GP) between downlink and uplink must be large enough to compensate the propagation delay for large cells (and for coexistence with other cells in line of sight). The Larger guard periods can reduceperiod has an impact on spectrum efficiency. , for example: iIfif the a TDD cell can interfere with another cell up to 60km away in co-channel, then this means that the GP should may need to be larger than 200µs.	Comment by United Kingdom: UK/21: Sentences separated to address separate thoughts. Also softened to "may" because no study on guard periods was made as part of this study. Some Administrations may be planning to award nationwide licences and MNOs will therefore have several approaches available to them to address co-channel interference.
As illustrated in Figure 7Figure 7, different frame structures correspond to different trade-offs relatively to key performance aspects. Operators in different markets will assess the behaviour of the key network characteristics associated with the different frame structure options in order to decide the most appropriate frame structure for their own networks and when discussing the options for a commoncompatible frame structure with other operators. Operators owning lower other MFCN frequency bands (e.g. 700, 800, 900, 1800 MHz or mmWave) will have the possibility to use jointly such frequencies with the 3400-3800 MHz band through the Carrier Aggregation or Supplemental Uplink schemes. Such combined use will provide additional ways to meet the target network characteristics.. The terminals supporting the CA/SUL schemes will require to support for another band in addition to the C-band..	Comment by United Kingdom: UK/22: It is not clear why dual connectivity schemes for 3 400-3 800 MHz would be limited to sub-6 GHz only. Sub 6-GHz might be used for SUL, improving uplink latency performance, however, mmWave could be important for further increasing capacity and throughput performance in some areas.
……….
[bookmark: _Hlk531783302]Carrier Aggregation (CA) is a technique that aggregates various component bands into an overall wider bandwidth. Supplementary Up Link (SUL) makes it possible to use another frequency carrier for NR UL transmission instead of NR's dedicated UL carrier in a switchable manner. SUL is similar to CA, however, unlike CA concept, simultaneous data transmissions are not possible in SUL carrier and NR UL carrier it is linked to. Additionally, there is no possibility for precise estimation of the UL channel [path loss / response] used for the other carrier.  
	Comment by alessandro casagni: Replace legend with trade off 1, 2, 3	Comment by Deutsche Telekom: DT/7: It is proposed to add in the legend within parenthesis, the missing name of each frame structure i.e. Frame structure example #1 ("DDDSU") so that the reader understands the meaning of the graph for the particular examples.
The word “example” is fine as there are numerous alternative frame structures which may be used even not studied in this Report.
[bookmark: _Ref526220097][image: ]
Figure 7: Factors for frame structure selection[footnoteRef:5] [5:  The examples in this figure do not refer to the frame structures that are addressed in the studies from this Report.] 

All of those effects have been studied in order to quantify them, and the detailed studies are in ANNEX 3:.	Comment by Latvia: LVA/8: Correction
[bookmark: _Toc525915201][bookmark: _Toc526180171][bookmark: _Ref526515422][bookmark: _Toc528652131][bookmark: _Toc532306903]Compatibility of 5G-NR frame with LTE-TDD frame structure	Comment by Sweden: S/4:
a) This section seems to cover more than just LTE-NR compatibility.
Proposal: Consider another title if this is the case or introduce another sub-section dealing with the NR (only) cases.

b) It is not obvious why LTE-TDD with UL/DL configuration #2 and Special sub-frame configuration #7 is selected as the most appropriate or the only configuration which can be synchronized with NR.
Further is not stated clearly that in order to “match “LTE-TDD Special sub-frame configuration #7 both NR Frame Format #0 and #44 are needed.

Proposal: To elaborate further basis for the choices and make a more extensive description of why certain frame formats are selected and combined.

With reference to the synchronised operation of 5G-NR BSs and LTE-TDD BSs, noting that every LTE-TDD frame configuration has at least one compatible 5G-NR equivalent configuration, the 5G-NR TDD pattern should be based on the following sequence of DL, UL and special slots: "DDDSUUDDDD". Two example variants[footnoteRef:6] may be considered: [6:  Applicable in case of LTE-TDD configuration 2  frame.] 

Variant 1: LTE-TDD and 5G-NR have an aligned frame start, i.e. "DDDSUUDDDD". 
Variant 2: non-zero frame start offset between LTE-TDD and 5G-NR, e.g. “DDDDDDDSUU” frame structure”. 
These variants, with 30 kHz subcarrier spacing (SCS) is the only 5G-NR frame structure that can be aligned to LTE-TDD “DSUDD” frame structure with 15 kHz SCS (LTE-TDD frame configuration #2). 
It is to be noted that there should also be a compatible structure for the symbols within the LTE-TDD "S" subframe.

	Comment by BT: BT/4

This means that forFor the studies considered in this Report, the “DDDDDDDSUU” frame configuration is representative ofused to represent the performance that 5G-NR would have in case of synchronised operation with a neighbour LTE-TDD network. in the same band and in the same area using LTE-TDD frame configuration #2. Note that similar results apply in case the non-shifted variant, i.e. "DDDSUUDDDD", is used.	Comment by United Kingdom: Making this condition explicit.
----------------------------  
SESSION 4 has reached this point  ------------------

[image: ]
[image: ] Figure 8:: Variant 1: synchronised operation of 5G-NR ("DDDSUUDDDD" frame) and LTE-TDD (“DSUDD” frame)


[image: ]	Comment by Ericsson-Huawei: ERIC-HW/58: Technical
Updated diagram added for "Variant 2"
Figure 9: synchronisedSynchronisedVariant 2: synchronised operation of 5G-NR (“DDDDDDDSUU” frame) and LTE-TDD (“DSUDD” frame)
[bookmark: _Ref524471912]The performance assessment of 5G-NR in case of adoption of the “LTE-TDD compatible” frame structure is provided in the following Sections where the results from studies # 1 and # 2 are provided.
[bookmark: _Toc525915203][bookmark: _Toc526180172][bookmark: _Toc528652132][bookmark: _Toc532306904]Summary from Study #1 (grant-based UL transmissions)
Study #1 provides an assessment in terms of latency and capacity performance for two frame structures provided, namely DSDU and LTE-TDD compatible DDDDDDDSUU.frame structure. 	Comment by Ericsson-Huawei: ERIC-HW/59: General
Making the formulation more generic to cover equivalent (in terms of results) frame structures, not only one, since the results/conclusions will be the same for variant 1 and 2.
The analysis carried out in this study assumes grant-based UL transmissions. 
Detailed assumptions and a full set of simulation results are presented in Appendix A.3.3.1,,; in the following a summary of latency and capacity comparison between the two analysed frame structure is reported. 	Comment by ECO: Please check reference

Latency assessment
A summary of the latency analysis results is reported in Table 3Table 3.
[bookmark: _Ref526109279][bookmark: _Ref526109276]Table 3: Simulation analysis – latency
	
	DSDU
	DDDDDDDSUULTE-TDD compatible frame structure[footnoteRef:7]	Comment by Ericsson-Huawei: ERIC-HW/60:General
Replace “DDDDDDDSUU” by “LTE-TDD compatible frame structure” to make it more generic and cover equivalent (in terms of results) frame structures, not only one, since the results/conclusions will be the same for variant 1 and 2. [7:  The DDDDDDDSUU frame structure was used in the simulations..] 


	# required HARQ processes
	4
	8

	DL HARQ RTT
	2-3 ms
	5ms5 ms

	UL HARQ RTT
	2ms2 ms
	5ms5 ms

	UL scheduling delay 
	1-2 ms
	4.5-9.5 ms


It can be observed that when 5G-NR ishas a frame structure aligned with LTE-TDD (configuration #2 as in this specific example),  by using DDDDDDDSUU slot sequence, the timeline of 5G-NR is aligned with LTE-TDD configuration #2. Cconsidering scheduling and MS / network processing latency, this frame structure will lead to L1 latency > 4ms4 ms.  (aAs already mentioned, the  that IMT-2020 eMBB latency requirement is 4ms and4 ms and URLLC latency requirement is 0.5ms51ms5ms), therefore. Therefore, if 5G-NR deployments in 3400-3800 MHz follow using the LTE-TDD frame structure for coexistence purposes, they would not be able to meet some of the IMT-2020 requirements, and, most importantly, including the deployment of innovative services such as URLLC, would not be possibleunless spectrum in other bands can also be used. 	Comment by Ericsson-Huawei: ERIC-HW/61:General
Making the formulation more generic to cover equivalent (in terms of results) frame structures, not only one, since the results/conclusions will be the same for variant 1 and 2.	Comment by alessandro casagni: Clean up
With the assumptions provided in Appendix 3.3.1, the DSDU configuration shows significant benefits over DDDDDDDSUthe LTE-TDD compatible 5G-NR frame structure with respect to HARQ RTT and UL scheduling delay, as reported in Table 3Table 3. The simulations result in more than twice the time (5ms5 ms) that is needed to complete one HARQ round trip as compared to DSDU (2-3 ms).
The considerations show the significant benefits of the DSDUTable 3 also shows the improved  scheduling delay (1-2 ms) over the time required in the case of LTE-TDD synchronisation (4.5-9.5 ms). This is achieved by more frequent transmit opportunities for UL SRScheduling Requests (SR ) and UL data, and is suitable to multiplex low latency services with existing eMBB traffic.	Comment by United Kingdom: Simplifying	Comment by Sweden: S/5: The eMBB requirement of 4 ms is for the "user plane latency". From the example it is not very clear whether this requirement is met or not. Does any of the times DL HARQ RTT, DL HARQ RTT, UL scheduling delay or the sum of them correspond to the "user plane latency" requirement?

Proposal: Describe this more clear in text or in Table 3.	Comment by Sweden: S/6: The term UL SR is not explained
 
Proposal: Explain it here already, not only in the annex.	Comment by Nokia: NOK 55 - Editorial
For reader's friendness	Comment by Ericsson-Huawei: ERIC-HW/62 - Editorial
For reader's friendliness
Capacity assessment
The increased flexibility of 5G-NRthe DSDU  frame structure also has a direct impact on the overall capacity of the network. The more frequent UL opportunities can allow a higher spectral efficiency due to the fast channel feedback. The UL symbols every 1ms allowsallow1 ms allows MS to send sounding reference signals (SRS) and channel quality information (CQI), allowing the gNBBS to have an up-to-date estimate of the channel conditions. A more accurate channel estimation allows for a more efficient usage of beamforming and better rate control through more accurate modulation and coding scheme (MCS) selection. 	Comment by United Kingdom: At least one other 5GNR frame structure is proposed in this report.	Comment by United Kingdom: UK/24: This increase might be offset by more frequent guard periods	Comment by Ericsson-Huawei: ERIC-HW/63: Editorials
The result is improved cell capacity, as shown for a heavily loaded scenario in in Figure 10Figure 10. The figure has been obtained considering an outdoor user with different moving speeds running a full buffer DL traffic pattern. More frequent opportunities to transmit sounding reference signals (SRS) leads to better spectral efficiency over the PDSCH symbols in a fast fading channel. Faster sounding allows better tracking of channel fluctuations, thus allowing improved demodulation performance. Figure 10Figure 10 compares the simulated spectral efficiency at 5ms5 ms and 1ms1 ms SRS transmission opportunities. The median and 5%-tile spectral efficiency are shown in Figure 10Figure 10. It can clearly be seen that the fast switching of DSDU achieves a better spectral efficiency across all speeds as compared to LTE-TDD compatible DDDDDDDSUU 5G-NR frame structure. While the median gain is 30 to 40%, the gain at the lower percentile (e.g.,. cell edge conditions) rises to 70%.	Comment by United Kingdom: UK/25: Emphasising this is a particular scenario.	Comment by Ericsson-Huawei: ERIC-HW/64:General
Making the formulation more generic to cover equivalent (in terms of results) frame structures, not only one, since the results/conclusions will be the same for variant 1 and 2.

[image: ]
[bookmark: _Ref526110119][bookmark: _Ref526110116]Figure 10: Spectral efficiency gains vs. speed 
To simulate the effect of the slot structure on user perceived throughput in a realistic scenario, a bursty traffic pattern (bursty FTP model 3, 0.5 MB file size, variable file arrival time) was simulated. The results are shown in Figure 11Figure 11. The shorter DL / UL switching periodicity of DSDU creates more transmission opportunities. The improved spectral efficiency enables the use of larger transport blocks. With these advantages, the gain of the median throughput can be as high as 50% (593 Mbps for DSDU vs. 394 Mbps DDDDDDDSUU).for LTE-TDD compatible 5G-NR frame structure). Even in cell edge conditions, a 23% gain can still be achieved.	Comment by Ericsson-Huawei: ERIC-HW/64a:General
Making the formulation more generic to cover equivalent (in terms of results) frame structures, not only one, since the results/conclusions will be the same for variant 1 and 2.
[image: ]
[bookmark: _Ref526110620]Figure 11: Bursty traffic – perceived throughput vs. file arrival rate
[bookmark: _Toc525915204][bookmark: _Toc526180173][bookmark: _Ref526308926][bookmark: _Ref526504497][bookmark: _Toc528652133][bookmark: _Toc532306905]Summary from Study #2
Study #2 provides an assessment in terms of latency and capacity performance for the three frame structures shown in Figure 38.Figure 12Figure 12Figure 36. 	Comment by United Kingdom: Reference should be to figure below.	Comment by Orange: Orange/8: It should be Figure 12, not 36	Comment by Latvia: LVA/9: Correction.
Figures 12 and 36 are the same. Proposal correct reference to Figure 12.
[image: ]
[bookmark: _Ref525726839][bookmark: _Ref531467852]Figure 12: 5G-NR frame structures for evaluation – slot level
The analysis carried out in this study assumes grant-free UL transmissions for the latency assessment and grant-based UL transmissions for the assessment of UL and DL capacity and spectral efficiency.
The more complete set of results and detailed assumptions for this study is available in Section A3.3.2.

Latency assessment (grant-free UL transmissions)
The round-trip time (RTT) for the frame structures is presented in Table 4Table 4. Due to the shorter DL / UL switching period, the DSDU frame structure has a lower RTT than the other frame structures considered. 
The RTT associated with DDDSU and DDDDDDDSUULTE-TDD compatible 5G-NR frame structures can be reduced by using lower frequencies (e.g. 700MHz, 800MHz, 900MHz, 1800MHz) in combination with the 3400-3800 MHz band (e.g. through Carrier Aggregation (CA) or Supplemental Uplink (SUL) schemes). The resulting RTT will meet the most stringent latency requirement for URLLC and eMBB simultaneously. It is to be noted, that licensees for the 3400-3800 MHz frequencies do not necessarily have access to lower frequency bands. and so may not be able to take adantage of CA or SUL to enable URLLC..	Comment by Ericsson-Huawei: ERIC-HW/65: General
Making the text more generic and covering both CA and SUL solutions.	Comment by Sweden: S/7: The eMBB requirement of 4 ms is for the "user plane latency". From the example it is not very clear whether this requirement is met or not. Does any of the times in Table 4 or the sum of them correspond to the "user plane latency" requirement?

Proposal: Describe this more clear in text or in Table 4.	Comment by United Kingdom: UK/26: Making this point explicit
In this evaluation, it was assumed that one MS always uses either the SUL for all its UL transmissions, or always uses the 3400-3800 MHz UL for all its UL transmissions, based on measured RSRP. NR specifications allow configuring the MS to use both uplinks in a TDM manner, which provides more flexibility in the operation than simulated here. With this respect,Taking this into account, the simulation results presented here should be interpreted as can be taken as a "best case." scenario.., as the impact of the signalling required to assign the lower band UL to SUL/CA operation has not been taken into account.. Accounting for partial resources availability for NR users in the SUL band (or in the uplink portion of the band in case of CA) would reduce the improvement gain in latency to some extent.	Comment by United Kingdom: Simplifying	Comment by United Kingdom: "gain" in latency could be confused with "increase" in latency
The latency assessment results in Table 4Table 4[footnoteRef:8] account for the “grant-free” UL transmissions feature (also known as “configured grant”) which is an optional feature for 5G-NR in 3GPP. The “grant-free” UL is beneficial for low latency since it avoids the need to first transmit a scheduling request on UL followed by a scheduling grant on downlink before UL data transmission can take place. [8:  In case of grant-based transmission, the latency is expected to be higher.] 

It is to be noted that decisions to mandate features for Rel-15 5G-NR MSs were made in consideration of eMBB services, which are the first targets on the 5G market.first services that are likely to be delivered using early 5G.. Most of the featuresfeaturefeatures relative relatingrelated to low latency and/or reliability are optional. This includes not only the “grant-free” feature, but also other features such as the mini-slots (frequency control monitoring and short transmission durations), MS processing capability #2 (necessary for the "self-contained" slot operation), dynamic signalling of slot format (see Table 16Table 16), etc.	Comment by United Kingdom: Rephrasing
Simulations results with grant-free based UL transmission are valuable in deriving the lowest possible user plane latency performance. 	Comment by alessandro casagni: Merger off line
It is also worth noticing that a comparison between Carrier Aggregation and SUL has not been analysed in this report. In terms of latency performance, at least the same latency gain presented for the SUL case can be achieved in case of Carrier Aggregation. Both CA and SUL have their own merits and drawbacks, which are not addressed in this Report. One of the main differences between CA and SUL is the possibility to use the DL carrier in the Carrier Aggregation case. TheAlso with SUL simultaneous data transmissions are not possible in SUL carrier and NR UL carrier it is linked to. Therefore with CA there is an increase in both DL and UL throughput compared to SUL scenario In addition, the DL carrier can be used e.g.The DL carrier can be used for DL measurements, power control calculation, mobility management, etc. When NR and LTE are deployed to share  It should also be noted that at the time and frequency resourcesof publication of this Report 3 GPP is still working on the UL band with SUL or CA, the use of the DL with CA requires additionally sharing time and frequency resources with LTE signals (PSS, SSS, CRS) and channels (PBCH, PDCCH, paging, etc)etc.) on the DL band.some aspects of SULspecifications.

[bookmark: _Ref525571995][bookmark: _Ref525571940]Table 4: DL and UL latency evaluation results for 5G-NR frame structures (SCS = 30 kHz).)
	DL / UL
	Non-slot based scheduling
	RTT (ms) for 5G-NR frame structure (GP: 2 OFDM symbols)

	
	
	DDDSU
	DDDDDDDSUU
	DSDU
	DDDSU+SUL
	DDDDDDDSUU+SUL

	DL
	2 OFDM symbols
	1.77
	3.02
	1.12
	0.78
	0.82

	UL
	2 OFDM symbols
	1.71
	2.95
	1.05
	0.82
	0.86



DL capacity assessment (grant-based UL transmissions)
	Grant-based UL transmissions are assumed for this assessment, therefore the latency results presented in Table 4Table 4 (which assume grant-free UL transmissions) do not apply here.
Spectral efficiency with different MS moving speeds and the user-perceived throughput (UPT) with different arrival rates are evaluated.
It is observed that the DSDU frame structure performance benefits from fast CSI measurement and feedback, however the frequent DL / UL switching brings about the extra GP overhead.
Figure 13Figure 13 provides the cell average and cell-edge spectrum efficiency under 10 km/h moving speed can achieve 15% and 23% gain for DDDDDDSUU vs. DSDU, due to the lower overhead. 

	[image: ]
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[bookmark: _Ref525810570]Figure 13: DL spectrum efficiency with different speeds
Figure 14Figure 14 shows the balance between overhead and feedback delay, DDDSU frame structure has the best performance in most cases and the gain compared to DSDU can be achieved by more than 10%.
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[bookmark: _Ref525727311]Figure 14: DL user-perceived throughput (UPT) with different file arrival rates



UL capacity assessment (grant-based UL transmissions)
According to the study performed:
DDDSU frame structure with the good balance of overhead and delay has better performance in most cases under different traffic loads. Compared to DSDU, the gain of user average UPT can achieve to 17%. 
If using SUL band, up to 5-times gain can be reached for 5% user throughput since such users benefit from the lower path loss and the sufficient bandwidth in the SUL band.
[bookmark: _Toc531866074][bookmark: _Toc531866140][bookmark: _Toc531866206][bookmark: _Toc532306906][bookmark: _Toc521332392]While the 1800 MHz SUL band and the 3400-3800 MHz frequencies may be related by second-order inter-modulation products, suchand/or harmonic interference.Intermodulation interference can be always avoided by ensuring the MS always uses one of the two uplinks only., but harmonic interference cannot be solved this way. When configured with the two uplinks, the MS iscan be configured with timing patterns that ensure uplink transmissions only in time-division multiplexing manner, as specified in 3GPP. Other choices of SUL frequencies are also available in bands specified by 3GPP (e.g. 700, 800 or 900 MHz), where second-order inter-modulation products would not appear in the 3400-3800 MHz band. These bands can also be used for CA. TDM patterns to avoid the same inter-modulation products are also specified in 3GPP for LTE-NR dual connectivity with or without the use of a SUL.	Comment by alessandro casagni: r
[bookmark: _GoBack]
TO PC
While the 1800 MHz SUL band and the 3400-3800 MHz frequencies may be related by second-order inter-modulation products, such interference can be always avoided by ensuring the MS always uses one of the two uplinks only. When configured with the two uplinks, the MS is configured with timing patterns that ensure uplink transmissions only in time-division multiplexing manner, as specified in 3GPP. Other choices of SUL frequencies are also available in bands specified by 3GPP (e.g. 700, 800 or 900 MHz), where second-order inter-modulation products would not appear in the 3400-3800 MHz band. TDM patterns to avoid the same inter-modulation products are also specified in 3GPP for LTE-NR dual connectivity with or without the use of a SUL.

[bookmark: _Ref525671651][bookmark: _Ref525671652][bookmark: _Ref525671653][bookmark: _Toc525915205][bookmark: _Toc526180174][bookmark: _Toc528652134]Interference mitigation for unsynchronised operation with ECC baseline out of block power limit
As it was mentioned in Section 2.2, the ECC has defined the restricted baseline out of block power limit for unsynchronised and semi-synchronised operation of MFCN BSs (see ECC Decision (11)06 (October 2018) Table 4 [3]. Table 4). However, the ECC Decision allows CEPT Administrations to define a "relaxed alternative “restricted baseline limit” applying to specific implementation cases to ensure a more efficient usage of spectrum […] depending on national circumstances." [3]).
The practical interference criteria adopted to derive the ECC restricted baseline limit is 5%[footnoteRef:9] degradation in the mean UL throughput of the victim MFCN due to ACLR of interfering BS, with the understanding that interference is not dominated by the adjacent channel selectivity (ACS) of the victim BS. The limits were derived from a study (see ANNEX 3: in ECC Report 281) which considered the interfering and victim MFCNs consisting of Macro BSs in a hexagonal grid (19 sites with three cells each) with an inter-site distance (ISD) of 500 metres. The study considered a shift of the victim MFCN with respect to the interfering MFCN by 70 metres (representing a conservative, not worst case, scenario) and by 288 metres (the best-case scenario). The restricted baseline limit was then derived considering the 70 metres shift. Coexistence in case of uncoordinated collocated sites (e.g. two base stations installed in different corners on the same rooftop and possibly pointing at each other) corresponds would correspond to the worst-case scenario.	Comment by Ericsson-Huawei: ERIC-HW/67: editorials [9:  The studies have adopted the performance criteria of 5% maximum average UL throughput loss. It is worth noting that, for URLLC use cases, 5% loss may not be acceptable while the target throughput loss level could be closer to 0%.] 

[image: ]
[bookmark: _Ref526807475]Figure 15: Best case and conservative (not worst case) network shifts	Comment by Ericsson-Huawei: ERIC-HW/68: editorial
factual clarification
The study has assumed the required ACLR to be nominally equal to the required ACIR, with the understanding that interference is not dominated by the adjacent channel selectivity (ACS) of the victim base station. Therefore the study does not account for the blocking effect due to BS-BS interference.
The study does not assess the MS-MS interference while it is expected that some 5G use cases will imply the deployment of MSs that are in fixed positions and close to each other (e.g. crowded stadiums, trains, busses, (home) CPEs in fixed wireless access (FWA) systems, fixedand fixed machinery/robots in factories). In such scenarios, the MS-MS interference might not be negligible anymore. 
It is worth noticing noting that ECC restricted baseline out of block power limit defined in ECC Report 281 was derived assuming the specific case of adjacent operators with misaligned duplex directions for the whole frame duration ("fully unsynchronisedanti-synchronised" assumption, sometimes referred to as "anti fully unsynchronisedsynchronisedanti-synchronised"). The probability for this specific case to happen is low[footnoteRef:10] and, therefore, the "fully unanti-synchronisedunsynchronised" assumption is a worst case assumption. 	Comment by United Kingdom: UK/28: Can we use "anti-synchronised" to describe this scenario throughout? "Fully unsynchronised" is not right because operators could, occasionally, still be aligned for some periods when "fully unsynchronised".  [10:  For example, in case of a completely random situation, in which the two adjacent operators are fully uncoordinated and select a random direction, the probability of Tx/Rx overlapping in adjacent channels is a function of the average DL / UL ratio.  For instance, an average 1:1 DL / UL ratio (i.e. equal DL and UL probability), at a given point in time the probability for the UL slots to be interfered will be 25%, and the probability for the DL slots to be interfered will be 25%. Nevertheless as slots would not be aligned in case of unsynchronised use, a given slot of Operator A may overlap in time with two slots of Operator B, so that the number of interfered slots might be higher. 
] 

While the "fully unanti-synchronisedunsynchronised" assumption is worst-case from the overall network throughput perspective, if the studies looked at the performance of a given UE MS which is scheduled in just one or a few slots, it is possible that all the slots allocated to that UE are subject to the worst case interference even if not all slots are subject to the worst-case interference..	Comment by Sweden: S/8: This sentence is very long and somewhat hard to understand.

Proposal: Look whether it describes the situation correctly and nevertheless if it could be re-phrased in order to be more understandable.	Comment by Nokia: NOK 59 - See additional text for the footnote	Comment by Ericsson-Huawei: ERIC-HW/69 - technical
See additional text for the footnote.
To take into account that in the unsynchronised case the slots are not aligned.
It is also to be noted that the adopted assumption is consistent with the definition provided in ECC Report 281: “the unsynchronised operation in the context of this Report means operation of TDD in several different networks, where at any given moment in time at least one network transmits in DL while at least one network transmits in UL. This might happen if the TDD networks either do not align all UL and DL transmissions or do not synchronise at the beginning of the frame”.	Comment by Ericsson-Huawei: ERIC-HW/70 - technical
To clarify the link between the study assumption and the definition of unsynchronized operation from ECC Decision (11)06
The implementation challenges, based on currently available technology, associated with the ECC restricted baseline out of block limit have been described in Section 2.2.2.
Interference due to unsynchronised operation can be partly mitigated by adopting the following solutions individually or in combination:
Adoption of a guard band and operator-specific filtering between the adjacent spectrum assignments associated with the interfering network and the victim network;	Comment by United Kingdom: UK/29: The report is clear earlier on that guard bands alone are unlikely to be sufficient.
Geographic separation between the interfering network and the victim network;
Alternative network topologies to Macro-cellular networks:
· Micro BS networks;
· Indoor BS networks;
Semi-synchronised operation.

The following Sections assess the impact in terms of interference mitigations from the adoption of the above techniques.to what extent each of these interference mitigations can improve coexistence between operators.. The main results from coexistence studies are introduced while leaving the full set of studies to the ANNEXes Annexes of this Report. 	Comment by United Kingdom: Simplifying	Comment by Ericsson-Huawei: ERIC-HW/71: Editorial
THIS REVISION WILL NOT BE REPERATED FOR BREVITY BUT THE SAME CHANGE SHOULD BE APPLIED ACROSS THE REPORT	Comment by Nokia: NOK 60 - Editorial
Typo
[bookmark: _Toc525034457][bookmark: _Toc525564145][bookmark: _Toc525564310][bookmark: _Toc525564474][bookmark: _Toc525564638][bookmark: _Toc525564802][bookmark: _Toc525564966][bookmark: _Toc525565130][bookmark: _Toc525565295][bookmark: _Toc525565542][bookmark: _Toc525565705][bookmark: _Toc525565869][bookmark: _Toc525572185][bookmark: _Toc525592438][bookmark: _Toc525623878][bookmark: _Toc525627598][bookmark: _Toc525671550][bookmark: _Toc525672085][bookmark: _Toc525683436][bookmark: _Toc525683606][bookmark: _Toc525687621][bookmark: _Toc525725191][bookmark: _Toc525727759][bookmark: _Toc525728880][bookmark: _Toc525730056][bookmark: _Toc525730222][bookmark: _Toc525731117][bookmark: _Toc525731652][bookmark: _Toc525733466][bookmark: _Toc525735514][bookmark: _Toc525735727][bookmark: _Toc525735895][bookmark: _Toc525737314][bookmark: _Ref525565965][bookmark: _Toc525915206][bookmark: _Toc526180175][bookmark: _Toc528652135]It is worth noting that the performance criteria in the co-existence studies is maximum 5% throughput loss. For URRLC use cases 5% loss is not acceptable. For these use cases the relevant throughput loss level to  should be closer to 0%.	Comment by Orange: Orange/9: The statement of 5% throughput loss is too high for URRLC is valid for all cases studied, not only for indoor.
[bookmark: _Toc532306907]Guardband requirement for unsynchronised operation
For non-AAS BSs, according to ECC report Report 203 says that a 5 MHz guard band and operator-specific filtering are necessary for coexistence between TDD and FDD networks in the 3400-3800 MHz band and it is expected that a similar guard band and external filtering would be required for unsynchronised non-AAS TDD networks. According to ECC Report 281 using current filtering technology, about 20 MHz guard band and internal operator-specific filters would be required for AAS to meet the baseline to protect radars below 3400MHz.3400 MHz. A similarThere was no technical analysis on the size of guard band and similar internal operator-specific filtersmay be required for AAS to meet the ECC restrictive baseline out of block power limit.	Comment by Latvia: LVA/10: Improvement of the text.	Comment by Orange: Orange/10: There was no technical analysis on the necessary guard band for the restrictive BEM implementation.
In 2.6 GHz band BEM at FDD and TDD border, the BEM level is equivalent, it was said 5 MHz guard band should be enough
[bookmark: _Toc525915207][bookmark: _Toc526180176][bookmark: _Toc528652136]With AAS operation, operator-specific RF filters implementation would be very challenging, and the implementation of a guard band, which would also reduce the spectral efficiency in the band, would not provide any benefit in practice.   
For AAS BSs, ECC Report 281 says that, using current filtering technology, about 20 MHz guard band and internal filters would be required for AAS to meet the baseline to protect radars below 3400MHz. A similar size of guard band and similar internal operator-specific internal filters may be required for AAS to meet the ECC restrictive baseline out of block power limit.
[bookmark: _Toc532306908]Networks geographic separation of Networks
[bookmark: _Toc525915216][bookmark: _Toc526180185]This Section investigates the coexistence between unsynchronised Macro-cellular networks operating in 3400-3800 MHz band.
The objective is to derive the minimum isolation, expressed in terms of separation distance, required between two unsynchronised networks when all deployed BSs meet the baseline out of block power limits as defined in Draft ECC Decision (11)06 (October 2018) Table 3. [3].Table 3. 
[bookmark: _Toc525915208][bookmark: _Toc526180177][bookmark: _Toc526233426][bookmark: _Ref526412533][bookmark: _Toc528652137][bookmark: _Toc532306909]Proposed methodologymethodologies	Comment by Ericsson-Huawei: ERIC-HW/73 - Editorial 
Several methodologies are proposed	Comment by Nokia: NOK 62 - Editorial 
Several methodologies are proposed
This Section discusses and proposes the methodology to be used at national level when coordinating two unsynchronised TDD Macro-cellular networks. at national level.	Comment by Germany: D/6: A more flexible wording is proposed. Reason see page 54 “It should be noted that at the time of this writing, some of the CEPT Administrations have carried out their spectrum awards in the 3400-3800 MHz band without setting up the synchronisation framework before the auction"
There are two possible approaches to deal with coexistence among two unsynchronised TDD networks within a country:
Method #1: define the minimum required separation distance between the two unsynchronised networks;
Method #2: define the electric field strength trigger value at the nearest victim BS.
These two approaches are equivalent, either one of them Either of these two approaches can be applied. 	Comment by United Kingdom: UK/30: They are not equivalent. The field strength trigger value will likely take terrain and clutter of a specific scenario into account whereas the separation distance approach will not.
With reference to the BS technology options, three possible cases can be considered:
Non-AAS Network A to non-AAS Network B, representingwhich could represent two LTE-TDD FWA networks;	Comment by Ericsson-Huawei: ERIC-HW/74 - Editorial
non-AAS base stations could also be used by networks which are note LTE-TDD FWA
AAS Network A to non-AAS Network B, representingwhich could represent one 5G-NR network and another LTE-TDD FWA network;
AAS Network A to AAS Network B, representing which could represent two 5G-NR networks.
The separation distance can be derived based on different protection thresholds:
for 5% network cluster average UL throughput loss  at the nearest victim BS or a network cluster;	Comment by Latvia: LVA/11: Needed explanation, possible precision.
What is difference between these two protection thresholds?
50% mean UL throughput loss measured at the nearest victim BS;	Comment by Orange: Orange/11: 50% throughput loss was not used in the derivation of required separation distance
I/N=-6 dB at the nearest victim BS.
[bookmark: _Toc525915209][bookmark: _Toc526180178][bookmark: _Toc526233427][bookmark: _Toc528652138][bookmark: _Toc532306910]Method #1: Separation distance calculation
[bookmark: _Toc481067821]As illustrated in Figure 16Figure 16 and Figure 17Figure 17, the separation distance is defined between the two nearest BSs in network A and network B.
[image: ]
[bookmark: _Ref525570670][bookmark: _Ref525570594][image: ]	Comment by Ericsson-Huawei: ERIC-HW/75:  Technical
Less separation distance in case of co-channel

[bookmark: _Ref533157588]Figure 16: separation distance between Networks A and B – adjacent channel

[image: ]
[bookmark: _Ref526411039][image: ]	Comment by Ericsson-Huawei: ERIC-HW/76:  Technical
More separation distance in case of co-channel

[bookmark: _Ref533157589]Figure 17: separation distance between Networks A and B – co-channel
If networks A and B are both non-AAS, then the separation distance can be calculated using the protection ratio of I/N=-6 dB or determined by simulation based on the agreed average UL throughput loss (e.g. 5% network cluster average UL throughput loss or 50% nearest cell UL throughput loss) between the two concerned mobile operators.
If either network A or B or both adopt AAS BSs, then the separation distance has to be determined by simulations based on the agreed average UL throughput loss (e.g. 5% network cluster average UL throughput loss or 50% nearest cell UL throughput loss) between the two concerned mobile operators.
[bookmark: _Toc526411735][bookmark: _Toc526411815][bookmark: _Toc526413449][bookmark: _Toc526414629][bookmark: _Toc526418349][bookmark: _Toc526418750][bookmark: _Toc526419002][bookmark: _Toc526494255][bookmark: _Toc526505170][bookmark: _Toc526517208][bookmark: _Toc526517507][bookmark: _Toc526517805][bookmark: _Toc526411736][bookmark: _Toc526411816][bookmark: _Toc526413450][bookmark: _Toc526414630][bookmark: _Toc526418350][bookmark: _Toc526418751][bookmark: _Toc526419003][bookmark: _Toc526494256][bookmark: _Toc526505171][bookmark: _Toc526517209][bookmark: _Toc526517508][bookmark: _Toc526517806][bookmark: _Toc526411737][bookmark: _Toc526411817][bookmark: _Toc526413451][bookmark: _Toc526414631][bookmark: _Toc526418351][bookmark: _Toc526418752][bookmark: _Toc526419004][bookmark: _Toc526494257][bookmark: _Toc526505172][bookmark: _Toc526517210][bookmark: _Toc526517509][bookmark: _Toc526517807][bookmark: _Toc526411738][bookmark: _Toc526411818][bookmark: _Toc526413452][bookmark: _Toc526414632][bookmark: _Toc526418352][bookmark: _Toc526418753][bookmark: _Toc526419005][bookmark: _Toc526494258][bookmark: _Toc526505173][bookmark: _Toc526517211][bookmark: _Toc526517510][bookmark: _Toc526517808][bookmark: _Toc526411739][bookmark: _Toc526411819][bookmark: _Toc526413453][bookmark: _Toc526414633][bookmark: _Toc526418353][bookmark: _Toc526418754][bookmark: _Toc526419006][bookmark: _Toc526494259][bookmark: _Toc526505174][bookmark: _Toc526517212][bookmark: _Toc526517511][bookmark: _Toc526517809][bookmark: _Toc526411740][bookmark: _Toc526411820][bookmark: _Toc526413454][bookmark: _Toc526414634][bookmark: _Toc526418354][bookmark: _Toc526418755][bookmark: _Toc526419007][bookmark: _Toc526494260][bookmark: _Toc526505175][bookmark: _Toc526517213][bookmark: _Toc526517512][bookmark: _Toc526517810][bookmark: _Toc526411741][bookmark: _Toc526411821][bookmark: _Toc526413455][bookmark: _Toc526414635][bookmark: _Toc526418355][bookmark: _Toc526418756][bookmark: _Toc526419008][bookmark: _Toc526494261][bookmark: _Toc526505176][bookmark: _Toc526517214][bookmark: _Toc526517513][bookmark: _Toc526517811][bookmark: _Toc526411742][bookmark: _Toc526411822][bookmark: _Toc526413456][bookmark: _Toc526414636][bookmark: _Toc526418356][bookmark: _Toc526418757][bookmark: _Toc526419009][bookmark: _Toc526494262][bookmark: _Toc526505177][bookmark: _Toc526517215][bookmark: _Toc526517514][bookmark: _Toc526517812][bookmark: _Toc526411743][bookmark: _Toc526411823][bookmark: _Toc526413457][bookmark: _Toc526414637][bookmark: _Toc526418357][bookmark: _Toc526418758][bookmark: _Toc526419010][bookmark: _Toc526494263][bookmark: _Toc526505178][bookmark: _Toc526517216][bookmark: _Toc526517515][bookmark: _Toc526517813][bookmark: _Toc526411744][bookmark: _Toc526411824][bookmark: _Toc526413458][bookmark: _Toc526414638][bookmark: _Toc526418358][bookmark: _Toc526418759][bookmark: _Toc526419011][bookmark: _Toc526494264][bookmark: _Toc526505179][bookmark: _Toc526517217][bookmark: _Toc526517516][bookmark: _Toc526517814][bookmark: _Toc526411745][bookmark: _Toc526411825][bookmark: _Toc526413459][bookmark: _Toc526414639][bookmark: _Toc526418359][bookmark: _Toc526418760][bookmark: _Toc526419012][bookmark: _Toc526494265][bookmark: _Toc526505180][bookmark: _Toc526517218][bookmark: _Toc526517517][bookmark: _Toc526517815][bookmark: _Toc526411746][bookmark: _Toc526411826][bookmark: _Toc526413460][bookmark: _Toc526414640][bookmark: _Toc526418360][bookmark: _Toc526418761][bookmark: _Toc526419013][bookmark: _Toc526494266][bookmark: _Toc526505181][bookmark: _Toc526517219][bookmark: _Toc526517518][bookmark: _Toc526517816][bookmark: _Toc526411747][bookmark: _Toc526411827][bookmark: _Toc526413461][bookmark: _Toc526414641][bookmark: _Toc526418361][bookmark: _Toc526418762][bookmark: _Toc526419014][bookmark: _Toc526494267][bookmark: _Toc526505182][bookmark: _Toc526517220][bookmark: _Toc526517519][bookmark: _Toc526517817][bookmark: _Toc526411748][bookmark: _Toc526411828][bookmark: _Toc526413462][bookmark: _Toc526414642][bookmark: _Toc526418362][bookmark: _Toc526418763][bookmark: _Toc526419015][bookmark: _Toc526494268][bookmark: _Toc526505183][bookmark: _Toc526517221][bookmark: _Toc526517520][bookmark: _Toc526517818][bookmark: _Toc526411749][bookmark: _Toc526411829][bookmark: _Toc526413463][bookmark: _Toc526414643][bookmark: _Toc526418363][bookmark: _Toc526418764][bookmark: _Toc526419016][bookmark: _Toc526494269][bookmark: _Toc526505184][bookmark: _Toc526517222][bookmark: _Toc526517521][bookmark: _Toc526517819][bookmark: _Toc526411750][bookmark: _Toc526411830][bookmark: _Toc526413464][bookmark: _Toc526414644][bookmark: _Toc526418364][bookmark: _Toc526418765][bookmark: _Toc526419017][bookmark: _Toc526494270][bookmark: _Toc526505185][bookmark: _Toc526517223][bookmark: _Toc526517522][bookmark: _Toc526517820][bookmark: _Toc526411751][bookmark: _Toc526411831][bookmark: _Toc526413465][bookmark: _Toc526414645][bookmark: _Toc526418365][bookmark: _Toc526418766][bookmark: _Toc526419018][bookmark: _Toc526494271][bookmark: _Toc526505186][bookmark: _Toc526517224][bookmark: _Toc526517523][bookmark: _Toc526517821][bookmark: _Toc526411752][bookmark: _Toc526411832][bookmark: _Toc526413466][bookmark: _Toc526414646][bookmark: _Toc526418366][bookmark: _Toc526418767][bookmark: _Toc526419019][bookmark: _Toc526494272][bookmark: _Toc526505187][bookmark: _Toc526517225][bookmark: _Toc526517524][bookmark: _Toc526517822][bookmark: _Toc525915210][bookmark: _Toc526180179][bookmark: _Toc526233428][bookmark: _Toc528652139][bookmark: _Toc532306911]Method #2: Trigger Values calculation
An alternative approach is to define a trigger value (dBµV/m/5MHz) at the nearest BS receiving antenna or at 3m height above the ground, as shown in Figure 18Figure 18.
When the trigger value is defined at 3m height above ground, a BS antenna height conversion factor should be used, the determination of antenna height conversion factor is discussed in ANNEX 5: Section A5.2.7.
 [image: ]
[bookmark: _Ref526411450][image: ]
[bookmark: _Ref533157699]Figure 18: electromagneticElectromagnetic field trigger value between Networks A and B	Comment by Deutsche Telekom: Inside the figure, dBμV/m/5MHz should be written, please correct it if possible	Comment by Nokia: NOK 64 - editorial
Text in the figure should be: "specified above ground level or at the nearest receiving BS
Calculation of trigger values
The relation between field strength E (dBµV/m) and power level Pr PR (dBm) can be expressed as:		Comment by Ericsson-Huawei: ERIC-HW/78: Editorial
[bookmark: _Ref525624412]  		E = PR + 20 * LOG10(F) + 77,.2 				(1)	Comment by Germany: D/7: What is the source of the value “77,2”?
 		PR = PTX + G1 – PL 					(2)
Where:
F (MHz):	frequency;	
PR (dBm):	received power level at the receiving BS antenna (before antenna);
PTX (dB):	transmit power before antenna;
G1 (dB):	interfering BS antenna gain including feeder loss in the direction of the receiving antenna;
PL (dB):	path loss at the distance D.
It should be pointed out that the trigger value determination for the case AAS BSs is much more complicated due to the dynamic behaviour of the AAS antenna pattern. 
[bookmark: _Toc525915211][bookmark: _Toc526180180][bookmark: _Toc526233429][bookmark: _Toc528652140][image: ]	Comment by Ericsson-Huawei: ERIC-HW/79: Technical
The added diagram (and it's title)  illustrates the relationship between the interferer transmitter power and the electric field strength at the victim receiver
Figure 19: relationship between the interferer transmitter power and the electric field strength at the victim receiver

[bookmark: _Toc532306912]Summary of the studies
Two studies described in ANNEX 5: have presented the simulation results in terms of separation distance between two unsynchronised Macro-cellular networks. The simulation results are summarised in Table 5Table 5 ..
[bookmark: _Ref526411898]Table 5: 	Summary of the simulation results of separation distance between two Macro-cellular networks
	
	Study 1
(5% avg. throughput loss, P.452 20% time)
	Study 2
(5% avg. throughput loss,
P.452 50% time)

	Co-Channel
	AAS-AAS
	60 km
	50 km

	
	Non-AAS – Non-AAS
	
	50 km

	Adjacent
Channel
	AAS-AAS	Comment by Sweden: S/9: For adjacent channel AAS the separation distance is greater for 50% of time than for 20% of time. Is it correct?

Proposal: Double-check the separation distances.
	10.5 km
	14 km	Comment by United Kingdom: There must be differences between the studies other than the P.452 percentage of time. A higher percentage of time would tend to lead to lower required separation distances.

	
	Non-AAS – Non-AAS
	
	15 km


The study results ofThe results  from the two studies based on 5% network average UL throughput loss show that :	Comment by Ericsson-Huawei: ERIC-HW/80 - Editorial
1) For the co-channel case, the required separation distance is in the order of 50 to 60 km;
2) For the adjacent channel case, the required separation distance is in the order of 10 to 15 km.
For the non-AAS to non-AAS co-channel case, the calculated separation distance based on I/N=-6 dB for non-AAS to non-AAS case is 44 km.
[bookmark: _Toc526411755][bookmark: _Toc526411835][bookmark: _Toc526413469][bookmark: _Toc526414649][bookmark: _Toc526418369][bookmark: _Toc526418770][bookmark: _Toc526419022][bookmark: _Toc526494275][bookmark: _Toc526505190][bookmark: _Toc526517228][bookmark: _Toc526517527][bookmark: _Toc526517825][bookmark: _Toc526233434][bookmark: _Toc528652141][bookmark: _Toc532306913]Conclusions from studies
The analysis and the simulations that were carried out in this Section lead to the following conclusions:
ECC Rec. (15)01 may be used to deal with the case of two unsynchronised Macro-cellular networks within a given country, when the physical borderline is defined between two networks within a country;	Comment by United Kingdom: UK/31: The trigger values from ECC Rec (15)01 were not used in any of the studies presented here and so cannot be included in “conclusions from studies”. The trigger threshold for (15)01 is likely to be much higher than implied by the 5% throughput degradation considered in the studies presented in this report.
TwoThe two methodologies are described in this Section (, either based on the separation distance or on the electric field trigger value). ) can be applied;
Specific valueseparation distance values can be defined at national level based on the specific circumstances. This is justified by the fact that because the required separation distance and electric field trigger values calculation depend on many factors:
· Cellular network technology and topology (LTE-TDD or 5G-NR, non-AAS or AAS, BS antenna height, environment, cell range); 
· Propagation environment and propagation modelmode used in relation with this environmentl;
· Frequencies and overlap of the channelsblocks, e.g. full overlap asfor co-channel case, or partial overlap (e.g. in some cases of co-existence between operators in adjacent areas) , or adjacent channel);
· [bookmark: _Toc526411757][bookmark: _Toc526411837]Protection ratio, e.g. I/N, or edgenearest cell throughput loss at x%, or network average throughput loss at xy%, etc.	Comment by Nokia: NOK 72 - Editorial
To point out that both UL throughput loss criteria are defined as %, and that that % numbers are different.
[bookmark: _Toc525915217][bookmark: _Toc526180186][bookmark: _Ref526310091][bookmark: _Toc528652142][bookmark: _Toc532306914]Coexistence between unsynchronised Micro BS and Macro BS deployments
[bookmark: _Toc525915218][bookmark: _Toc526180187][bookmark: _Toc528652143][bookmark: _Toc532306915]Coexistence between unsynchronised Micro BSs and Macro BSs –Study #1
In Annex A6.1 the interference between Micro and Macro BSs areis studied. For the Macro-cellular network the BSs have an output power (TRP) of 51 dBm and 500m500 m ISD while the BS in the Micro BS network has an output power (TRP) of 40 dBm and an ISD of 166m166 m. The impact on both types of BS is studied. The distance between aggressor and victim BS varies, but for the closest pair the distance is 30m30 m.
The propagation between BSs is modelled using the Urban Macro (UMa) model and this model has a random component. We study performancePerformance of one specific realisation of the BS-BS propagation is studied. This is the best way to model the situation in practical deployments since the BS-BS propagation will not vary over time. According to the study, in order to limit the throughput loss to maximum 5% the required ACIR (adjacent channel interference ratio) between the networks has to be around 60 dB to protect the Micro BS network and 45 dB to protect the Macro-cellular network. for typical deployments.. For the most sensitive pair of BS, the ones with 30m separation, the ACIR has to be between 50 dB and 70 dB to protect the Micro BS network and between 45 dB and 60 dB to protect the Macro-cellular network.	Comment by Ericsson-Huawei: ERIC-HW/82 - Editorial	Comment by Nokia: NOK 73 - technical
How can the ACIR to protect the most sensitive BS be between 50 and 70 dB, while for the BS network as a whole, it should be 60 dB? (50 dB being lower than 60 dB)?
Considering that the standard has anECC baseline gives defined standard requires an ACIR of slightly less than 45 dB, it can be concluded that there are a few cases, i.e. deployment scenarios, where standard equipment will result in less than 5% throughput loss, but in the majority of cases the losses are larger. This indicates that for this type of scenarios synchronisation is needed.In these scenarios synchronisation will be an effective interference mitigation technique.	Comment by United Kingdom: UK/32: The ECC baseline is the relevant mask for CEPT	Comment by Nokia: NOK 74 - Editorial
	Comment by Ericsson-Huawei: ERIC-HW/83 - Editorial	Comment by United Kingdom: UK/33: It's too strong to say that synchronisation "is needed" because such a statement would also require MNOs to believe that greater than 5% throughput loss was never acceptable (and it might be in some circumstances).
[bookmark: _Toc525915219][bookmark: _Toc526180188][bookmark: _Toc528652144][bookmark: _Toc532306916]Coexistence between unsynchronised Micro BSs and Macro BSs – Study #2
This Section provides the main conclusions from the study in 0, which considers the impact of BS-BS interference between MFCNs with simultaneous UL / DL transmission in terms of the resulting degradation in the mean UL throughput of the victim MFCN. The MFCNs consist of Macro BSs and Micro BSs.
The study addresses two scenarios according to the specific class of base stations, namely:
Macro-cellular network (hexagonal grid placed outdoorsof  outdoor stations) is operating as the interferer and the Micro BS network (hexagonal grid placed outdoorsof outdoor stations) is interfered,;
Micro BS network (hexagonal grid placed outdoorsof outdoor stations) is operating as the interferer and the Macro BS (placed outdoors) is interfered,;
Interference from one Micro BS to another Micro BS (both base stations are placed outdoors) ).
[bookmark: _Toc525915220][bookmark: _Toc526180189][bookmark: _Toc528652145][bookmark: _Toc532306917]Network topologies and main assumptions
The two interfering deployments operate in the same geographic area on adjacent frequency channels.
All Micro and Macro BSs are assumed to be AAS base stations forming a beam towards a MS (MSs are assumed to be uniformly distributed within a cell).
The Macro BSs have 25m25 m high antennas and comprise three sectors per site; the Micro BSs are placed 6m above ground, comprising one sector per site with random boresight.
Base stations are "anti-synchronised", i.e. they transmit and receive at the opposite times to one another	Comment by United Kingdom: UK/34: Our understanding is that these models consider the "anti-synchronised" scenario, which is important so that the reader understands that could be a pessimistic assumption.
See Section A6.2.3 for the full list of assumptions and parameters.
a)	Macro BSs network as interferer; Micro BSs network as victim
Figure 20Figure 20 provides the topology used for the coexistence studies in case of a Macro BS (network (hexagonal grid placed outdoors) operating as the interferer towards a Micro BS network (hexagonal grid placed outdoors).	Comment by Nokia: NOK 77- Editorial 
Same wording for macro and micro networks.

[image: ]
[bookmark: _Ref525733565]Figure 20: Topology for the Macro BS to Micro BS interference scenario
b)	Micro BSs network as interferer; Macro BSs network as victim
Figure 21Figure 21 provides the topology used to support coexistence studies in case of Micro BS network (hexagonal grid placed outdoors) operating as the interferer towards the Macro-cellular network (hexagonal grid placed outdoors). In line with ECC Report 203[footnoteRef:11], the simulations address one Macro BS, which is completely surrounded by the Micro BS network grid.	Comment by Nokia: NOK 79 - Editorial
See typo in Note 12	Comment by Latvia: LVA/13: Editing [11:  ECC REPORT 203 page 26: “One important thing to note here is that the results contained in Table 17 are for one reference cell in the Macro-cellular network, which is overlapped completely by the Micro BS network (Manhattan) grid (see Figure 19).”] 

[image: ]
[bookmark: _Ref525733564][bookmark: _Ref525736116]Figure 21: Topology for the Micro BS to Macro BS interference scenario
c) Micro BSs to Micro BSs
The two approaches which have been used to assess the interference from AAS Micro BSs to AAS Micro BSs are described below: 
Approach 1: in this analysis the separation distance between the Micro BSs is an input parameter, the Urban Microcell (UMi) path loss model determines the associated Line-of-sight probability.

The following two settings have been considered:

Case 1a: 30m separation distance between the two Micro BSs leading to 80% LoS probability based on the UMi path loss model (the smaller the distance, the greater the probability the two Micro BSs will be along the same street).	Comment by Latvia: LVA/12: Needed explanation.
What is meant with abbreviation "UMi"?
[image: ]
[bookmark: _Ref525733709]Figure 22: Micro BS to Micro BS interference scenario topology - Case 1a:
30m separation distance leading to 80% LoS probability based on UMi pathloss model

Case 1b: 100m separation distance between the two Micro BSs leading to 25% LoS probability based on the UMi path loss model (the larger the distance, the greater the probability the two Micro BSs will be located in different streets).


[image: ]
[bookmark: _Ref525733949]Figure 23: Micro BS to Micro BS interference scenario topology - Case 1b:
100m separation distance leading to 25% LoS probability based on UMi pathloss model

Approach 2: in this analysis the separation distance between the Micro BSs is an input parameter as well as the line-of-sight probability.

This approach accounts for the fact that it is difficult to carry out meaningful simulations to assess the interference between two Micro BS networks in the same urban area since the interference scenario will be strongly impacted by the LoS / NLoS conditions, which radically change as the Micro BSs change their locations with respect to buildingsdepending on where the Micro BS are installed with respect to each other in built-up areas.

The study therefore considers two specific set of cases for the deployments of the interfering and victim base stations. 

Cases 2a, 2b and 2c: two Micro BSs located in different streets at 30m, 50m and 75m separation distance with 0% LoS probability


	[image: ]
[bookmark: _Ref525734217]Figure 24: Micro BS to Micro BS interference scenario topology. Case 2a, 2b and 2c:
30, 50, 70 m separation distance and 0% LoS probability (different streets)

Case 2d: two Micro BSs located along the same street (100% LoS probability) at 100 m separation distance.
[image: ]
	[bookmark: _Ref525736488]Figure 25: Micro BS to Micro BS interference scenario topology. Case 2d:
100m separation distance and 100% LoS probability (same street)






[bookmark: _Toc525915221][bookmark: _Toc526180190][bookmark: _Toc528652146][bookmark: _Toc532306918]Simulations results and conclusions
This Section presents the simulations results expressed in terms of degradation of the mean uplink throughput of the victim MFCN due to base station to base station interference from the interfering MFCN, presented as a function of ACIR. In general terms, as expected, the impact of interference on network performance diminishes with increasing values of ACIR. 
Note that the required ACLR is assumed to be nominally equal to the required ACIR, with the understanding that interference is not dominated by the adjacent channel selectivity (ACS) of the victim base station. Therefore the study did not take into account the BS blocking effects on the victim BS receiver.
Note that both victim BS and interferer base stations are assumed to operate with 60 MHz channel bandwidth.
It is important to highlight that the study::: did not account for MS-MS interference.
Did not account for blocking effect on the victim BS receiver;
Did not account for MS-MS interference.

Interference from AAS Macro-cellular network andtointo AAS Micro BS network:	Comment by Nokia: NOK 83: Editorial
With reference to the topology proposed in Figure 20Figure 20, an ACIR greater than 68dB is required to ensure a mean uplink throughput degradation smaller than 5%.
 
Interference from AAS Micro BS network andtointo AAS Macro BS network:	Comment by Nokia: NOK 84 - Editorial
With reference to the topology proposed in Figure 21Figure 21, an ACIR greater than 55dB is required to ensure a mean uplink throughput degradation smaller than 5%.
Interference between two AAS Micro BSs:
With reference to the topology proposed in Figure 22Figure 22 (Case 1a: 30m separation distance leading to 80% LoS probability based on UMi path loss model), an ACIR greater than 63dB is required to ensure a mean uplink throughput degradation smaller than 5%.
With reference to the topology proposed in Figure 23Figure 23 (Case 1b: 100m separation distance leading to 25% LoS probability based on UMi path loss model), an ACIR greater than 54dB is required to ensure a mean uplink throughput degradation smaller than 5%.
With reference to the topology proposed in Figure 24Figure 24 (Case 2a, 2b and 2c: 30, 50, 70 m separation distance and 0% LoS probability (different streets), shows how an ACIR greater than 49dB is required to ensure a mean uplink throughput degradation smaller than 5% for 30m separation distance. If the separation distance is 50m, 45dB ACIR can satisfy the co-existence requirement of 3GPPis required5% uplink throughput degradation .	Comment by Orange: Orange/13: 45 dB ACIR meets the 5% UL throughput loss	Comment by United Kingdom: UK/35: It is not clear from this text what the 3GPP requirement is.
With reference to the topology proposed in Figure 25Figure 25 (Case 2d: 100m separation distance and 100% LoS probability (same street). An ACIR greater than 70dB is required to ensure a mean uplink throughput degradation smaller than 5%.
[bookmark: _Toc526891987][bookmark: _Ref527038783][bookmark: _Toc528652147][bookmark: _Toc532306919]Coexistence between unsynchronised Indoor BSs and Macro BS
In Annex A7.1 the impact on an indoor system from a Macro-cellular network is studied. The indoor BS network is located in a 50x120m large building, which is located 70m from the Macro BS. For the Macro-cellular network the BS have an output power (TRP) of 51 dBm and 500m ISD while the indoor BS is ceiling mounted with an output power (TRP) of 24 dBm.	Comment by ECO: Please check reference, structure has been updated
The propagation between BS is modelled using the UMa model and this model has a random component. We study performance of one specific realisation of the BS-BS propagation. This is the best way to model the situation in practical deployments since the BS-BS propagation will not vary over time. 
Based on the study, in order to limit the UL mean UL/average? throughput lossdegradation for the indoor network to maximum 5% the ACIR (adjacent channel interference ratio) between the networks has to be in the range 25 dB to 65 dB, depending on the actual channel realisation between the Macro BS and indoor BS.	Comment by Ericsson-Huawei: ERIC-HW/84: Editorial
Clarification on the protection criterion
TheIn the standardhasECC baseline giveshashas definedIMT-2020 BS hashasrequires an ACIR of slightly less than 45 dB. From this it can be concluded that in some cases standard equipment will result in less than 5% throughput loss and in other cases the losses are larger. This indicates that, for this type of scenario, unsynchronised operation may be possible for carefully installed indoor BS, but synchronisation is may be required for BS installed in shallow indoor locations.synchronisation is needed if no coordination is done and, if careful coordination of the BS locations is done, unsynchronised operationop.erationoperation may be possible.	Comment by United Kingdom: The ECC baseline is the relevant mask for CEPT	Comment by Ericsson-Huawei: ERIC-HW/85: Editorial	Comment by United Kingdom: UK/36: We do not expect that indoor installations will require operators to coordinate with one another. However, the installation of indoor base station may need to be done carefully to avoid installation of base stations in shallow locations.
It is worth noting that the performance criteriacriterio is maximum 5% UL mean UL/average throughput loss. For URRLCURLLC URLLC use cases 5% lossdegradation performance criterion is not acceptable. for URRLC use cases. For these use cases the relevant throughput loss level needs to use isbeto useFor URRLC use cases 5% loss is not acceptable. For these use cases the relevant throughput loss level to usecomply with is closer to 0%. FromAccording to the resultsabove we seeit can be seen that this, the URLLC use cases  will require an additional isolation somewhere in the order of 20-25 dB additional isolation compared to the 5% loss results. Such additional isolation could be obtained with accurate indoor BS planning and, for example, with adoption of proper shielding around the building.	Comment by Ericsson-Huawei: ERIC-HW/86: Editorial
Aligned text with section 5.2.2. 
See ERIC-HW/102	Comment by Nokia: NOK 87 - Editorial
Only one criterion is considered in this paragraph

[bookmark: _Toc526891989][bookmark: _Ref527036969][bookmark: _Ref527037061][bookmark: _Ref527037945][bookmark: _Ref527038298][bookmark: _Ref527038903][bookmark: _Ref527038928][bookmark: _Toc528652148][bookmark: _Toc532306920]Coexistence betweenStudy on semi-synchronised Micro BSssynchronisation for Microcell  and Macro BSsMacrocell cases CASES	Comment by Orange: Orange/14: The study was for Microcel and Macrocell cases, not between Microcell and Macrocell
The benefits and challenges associated with semi-synchronised operation have been discussed in Section 2.3. In the following sub-sSections, adjacent channel simulation results are presented. These results are based on the study available in ANNEX 8:.	Comment by Latvia: LVA/14: Editing
[bookmark: _Toc526304232][bookmark: _Toc526304461][bookmark: _Toc526304233][bookmark: _Toc526304462][bookmark: _Toc526304236][bookmark: _Toc526304465][bookmark: _Toc526304237][bookmark: _Toc526304466][bookmark: _Toc526304244][bookmark: _Toc526304473][bookmark: _Toc526304245][bookmark: _Toc526304474][bookmark: _Toc526304246][bookmark: _Toc526304475][bookmark: _Toc526304248][bookmark: _Toc526304477][bookmark: _Toc526304249][bookmark: _Toc526304478][bookmark: _Toc526304251][bookmark: _Toc526304480][bookmark: _Toc526304252][bookmark: _Toc526304481][bookmark: _Toc526304253][bookmark: _Toc526304482][bookmark: _Toc525730082][bookmark: _Toc525730248][bookmark: _Toc525731143][bookmark: _Toc525731678][bookmark: _Toc525733494][bookmark: _Toc525735542][bookmark: _Toc525735755][bookmark: _Toc525735923][bookmark: _Toc525737342][bookmark: _Toc525730083][bookmark: _Toc525730249][bookmark: _Toc525731144][bookmark: _Toc525731679][bookmark: _Toc525733495][bookmark: _Toc525735543][bookmark: _Toc525735756][bookmark: _Toc525735924][bookmark: _Toc525737343]
Table 6: 	Coexistence betweenStudy on semi-synchronised Micro BSssynchronisation for Microcell and Macro BSsMacrocell cases – summary of results
	Scenario
	Macro-cellular network to 
Macro-cellular network
	Micro BS network to 
Micro BS network

	Minimum distance 
among networks
	288m
	96m

	BS-BS 
propagation model
	Free space path -loss
	3GPP TR 38.901 - UmiUMi

	Semi-synchronisation percentage
	10%
unsynch.
	20% unsynch.
	50%
unsynch.
	Fully
Unanti-synchunsynch. 
	10% 
unsynch
	20% 
unsynch
	50% 
unsynch
	Fully unanti-synchunsynch.

	ACIR needed for 
5% UL mean/averaged throughput lossdegradation	Comment by Ericsson-Huawei: ERIC-HW/87 - Editorial
Clarification on the performance criterion
	54dB
	62dB
	70dB
	75dB
	N/A
	40dB
	47dB
	54dB


As shown in Figure 15Figure 15, the 288m network shift assumption between Macro-cellular networks represents the best case. Similarly, the 96m network shift assumption between Micro-cellular networks represents the best case between the two analysed assumptions[footnoteRef:12]. [12:  According the studies' assumptions reported in Table 33:
-Network shift (Macro BS ↔ Macro BS case): Baseline: 70m
Additional for reference: 288 m
- Min. separation distance between Macro BS and Micro BS: 30m] 

Differently from the approach followed in this study, the recommended approach is to use the separation distance and the line-of-sight probability as input parameter during the coexistence studies betweenfor the Macro-cellular network and the Micro BSs network cases. This approach accounts for the fact that it is difficult to carry out meaningful simulations to assess the interference between two Micro BS networks in the same urban area since the interference scenario will be strongly impacted by the LoS / NLoS conditions which radically change depending on where the Micro BS are installed with respect to each other in built-up areasas the Micro BSs change their locations with respect to buildings.	Comment by United Kingdom: Which study?
Coexistence between the Macro-cellular network and the Micro BS network was not assessed by this study.
It is worth noticing noting that the study assumes that operators do not always decide to modify UL insymbolsinslots into DL directionsymbolsdirectionslots  in the flexible part of the frame. In reality, a typical scenario in the field is likely to beThis reflects a real deployment scenario where:
The two operators adopt the same default frame structure; and
When the default frame structure is not modified (in its flexible portion), the network is actually operating in synchronised mode;
An operator might decide to modify the agreed default frame structure in some specific locations (hot zonesspots) and at specific point in time (specific event or busy hour, for instance). In this particular case, not all the networkonly the base stations in these areas and at these times will be subject to cross-link interference[footnoteRef:13]. [13:  For example: assuming a configuration in which the flexible "X" slots represent 20% of the entire frame and are used for DL, the actual percentage of time with cross DL to UL interference will be lower. Even assuming that the operator will use his flexible part in DL for 50% of the time and for all gNBs, the actual percentage of slots affected by cross interference will be 10% if and only if the other operator always switches the UL in the same 50% of time. It follows that the actual cross-link interference will be even lower than 10%. On top of this, not all the gNBs in the network will need to change the baseline configuration and as a consequence the cumulative interference will be strongly reduced] 

From this last perspective, Taking this into account, the results presented in this sSection represent a worst case scenario in terms of throughput degradation available inresulting from the semi-synchronised case.
"DL to UL modifications": the default DL transmission direction in the flexible part is modified into UL
In this case, from BS-BS interference perspective, the network that modifies the default DL transmission direction into UL will not interfere with the other network while it will receive additional interference from the other network during the period of the modified transmission direction. 
In most circumstances, MS-MS interference will be negligible because terminals typically transmit intermittently and many will be mobile so any interference would be transient. When the MS-MS interference can be neglected, the ECC baseline out of block power limit can be adopted without requiring regulatory intervention.
 	Comment by United Kingdom: The ECC baseline in report 281 only applies to base stations, not terminal stations.
It is expected that some 5G use cases will imply the deployment of MSs that are in fixed positions and close to each other (e.g. crowded stadiums, trains, busses, (home) CPEs in fixed wireless access (FWA) systems, fixedand fixed machinery/robots in factories). In some of those specific scenarios, the MS-MS interference might not be negligible anymore: no specific studies were performed with this respect. [WhenTherefore, in case of MSs that are in fixed positions and close to each other, no conclusion can be derived on the applicability of the ECC baseline out of block power limit. [When[When the MS-MS interference is not negligible, it may still be acceptable subject to the agreement at national level. In general, MS RF requirements are handled by 3GPP specifications standardisation bodies and associated harmonised standards.]	Comment by Ericsson-Huawei: ERIC-HW/90: General
Regulatory provisions cannot be derived if studies were not performed be derived if
"UL to DL modifications": the default UL transmission direction in the flexible part is modified into DL
In this case, from BS-BS interference perspective, the network that modifies the default UL transmission direction into DL will interfere with the other network while it will not receive additional interference from the other network. 
Under the specific assumptions and methodology used in this study, it can be concluded:
For Macro-cellular network to Macro-cellular network results show that the throughput degradation is ~9% when operators are unsynchronised (UL to DL modification) for 10% of time. The modelling considered that the interfering operator always changes the transmission direction during the flexible part of the frame so is a worst case analysis. This means that the throughput degradation will likely be lower in a realistic scenario where the interfering operator does not always modify the transmission direction of the flexible portion of the frame.with the baseline requirement for synchronised MFCNs in ECC Report 281 performance degradation is ~9% of the UL mean UL/averaged? throughput degradation in case of loss for 10% unsynchronisedoperation (UL to DL modification) operation among operators. Since in the simulated scenario all BSs are assumed to change direction in all frames, in a realistic scenario in which only a percentage of frames will be modified compared to the baseline, a 10% unsynchronised operation  willmay allow meeting the target performance degradation;  for a BS - BS separation distance at 288 m; 	Comment by United Kingdom: Re-written for clarity	Comment by Nokia: NOK 93 - Editorial
To precise the criterion reaching this value.	Comment by Nokia: NOK 94 - Editorial
From Micro BS to Micro BS interference perspective, it is possible to use the ECC baseline out of block power limit for synchronised operation as specified if the operators have simultaneous UL / DL transmissions for at most 20% of the frame;(based on acceptable Loss 5% and ACIR 45dB); for a BS - BS separation distance at 96 m; 	Comment by Orange: Orange/17: The simulation was done under condition of 96 m BS-BS shift	Comment by Deutsche Telekom: DT/8: It is proposed to add a clarification containing the assumed level of acceptable Loss% because that defines the % of the frame that is not synchronised based on Figure 90 in the Annex.
No conclusionNoconclusion can be derived for the Macro- cellular network withto Micro BS network case since this scenario was not addressedstudied. In the case of Micro BS network to Macro- cellular network, due to the lower power of the interfering BS it is expected that interference from the Macro base station will dominate the coexistence analysis. coexistence issues will be more manageable (compared with the Macro- cellular network to Micro BS network case, assuming the same topology and other relevant assumptions for the two cases).).	Comment by Nokia: NOK 95:- Editorial
To indicate the direction of interference
Based on the above, since UL to DL flexibility creates additional BS-BS interference to the neighbour operator, the specific cases in which the semi-synchronised operation (for UL to DL flexibility) could be allowed require agreement at national level.
It is worth noticing that operators will not always decide to modify the default transmission direction from UL into DL (and from DL into UL) direction in the whole flexible part of the frame. In a typical scenario, an operator might decide to modify the agreed default frame structure in some specific locations (e.g. hot zones) and at specific times (e.g. specific event or busy hour). In this particular case, not all the network will be subject to cross-link interference.	Comment by United Kingdom: This repeats points which have already been made above.
[bookmark: _Toc521332403][bookmark: _Toc521332404][bookmark: _Toc521332405][bookmark: _Toc521332406][bookmark: _Toc521332409][bookmark: _Toc521332410][bookmark: _Toc521332411][bookmark: _Toc521332412][bookmark: _Toc521332413][bookmark: _Toc521332414][bookmark: _Toc524365744][bookmark: _Toc524368815][bookmark: _Toc524368945][bookmark: _Toc524417775][bookmark: _Toc524454032][bookmark: _Toc524475259][bookmark: _Toc524486299][bookmark: _Toc526180198][bookmark: _Toc528652149][bookmark: _Toc532306921]Summary of all studies performed
The following tables collect the results from the studies performed.
Table 7: Coexistence between unsynchronised / semi synchronised Macro-cellular network and 
Macro-cellular network – summary of results	Comment by Sweden: S/10: Column tittles seem to be missing in the table
[image: ]
(*) Best case. Agreed assumption for the network shift (Macro BS ↔ Macro BS case): baseline: 70m, additional for reference: 288 m (see Table 33Table 33).
Table 8: Coexistence between unsynchronised / semi synchronised Macro-cellular network and	Comment by ECO: Please provide raw data to be converted into ECC template
Micro BS network – summary of results	Comment by Sweden: S/10: Column tittles seem to be missing in the table
[image: ]
(**) Best case. Agreed assumption for the min. separation distance between Macro BS and Micro BS: 30m (see Table 33Table 33).
(***) Differently for this study, it was agreed to use the separation distance and the line-of-sight probability as input parameter during the coexistence studies between the Macro-cellular network and the Micro BSs network. This approach accounts for the fact that it is difficult to carry out meaningful simulations to assess the interference between two Micro BS networks in the same urban area since the interference scenario will be strongly impacted by the LoS / NLoS conditions which radically change as the Micro BSs change their locations with respect to buildings.
Table 9: Coexistence between unsynchronised Macro-cellular network and indoor BS network – summary of results	Comment by ECO: Please provide raw data to be converted into ECC template	Comment by Sweden: S/10: Column tittles seem to be missing in the table
[image: ]
(****) Qualitative assessment was performed for this scenario.

[bookmark: _Toc526142438][bookmark: _Toc526180199][bookmark: _Toc526224464][bookmark: _Toc526228044][bookmark: _Toc526304257][bookmark: _Toc526304486][bookmark: _Toc526142439][bookmark: _Toc526180200][bookmark: _Toc526224465][bookmark: _Toc526228045][bookmark: _Toc526304258][bookmark: _Toc526304487][bookmark: _Ref525672186][bookmark: _Ref525672187][bookmark: _Toc525729066][bookmark: _Toc525915229][bookmark: _Toc526180201][bookmark: _Toc528652150][bookmark: _Toc532306922]Toolbox: options for administrations to support the design of synchronisation frameworks at national level
[bookmark: _Toc526891992][bookmark: _Toc528652151][bookmark: _Toc532306923]Key aspects to be considered when setting up the synchronisation framework at national level
Synchronisation and semi-synchronisation are effective for mitigating cross-link interference between operators. Additional interference mitigation techniques may be required if operators intend to use unsynchronised AAS BS (including separation distances, alternative network topologies, etc.). Synchronised operation is accompanied with some challenges related to the selection of common clock and frame structure. Such challenges are explained in more detail in Section 5.2.1.	Comment by United Kingdom: UK/38: Text moved from later in the document and edited for clarity.
At the time of this writing, new 5G AAS systems cannot cost-effectively implement the operator-specific filtering which would be required to meet the ECC restricted baseline out of block power limits and protect the receiver from blocking fromcan neither achieve cost-effectively the ECC restricted baseline out of block power limit[footnoteRef:14] on the transmitter side, nor implement the required custom filters to protect from blocking on the receiver side, both in adjacent and non-adjacent channels in the same band. 	Comment by United Kingdom: Re-drafted for clarity [14: ] 

Based on currently available AAS BS technology, it is assumed that equipment will only implement filters designed to comply with the ECC baseline out of block band power limitslimit[footnoteRef:15]. 	Comment by United Kingdom: UK/39: Based on current technology, filters are only likely to be used to meet the out of band limits, not the out of block limits. [15:  ECC baseline out of block power limit is defined in ECC Decision (11)06 (October 2018) Table 3 with reference to the synchronised operation.] 

Additional interference mitigation techniques shall be required to ensure unsynchronised operation with such type of AAS equipment. Considering that it may not be possible to rely on guard bands alone to enable unsynchronised operation between operators, in case of AAS BSs, coexistence shall rely on other solutions such as synchronised (or semi-synchronised) operation or proper interference mitigation techniques (including separation distances, alternative network topologies, etc.).	Comment by United Kingdom: Text moved up and simplified
If interference mitigation due to unsynchronised operation relies on separation distances, the actual minimum distances required to be applied in practice highly will depends on assumptions such as network topology and the radiowave propagation environment, terrain and clutter and will need to be discussed at the national level. With this respect, tThethe results from the coexistence studies summarised in sSection 4 of this Report show that those the separation distances required between unsynchronised Macro cells could be up to 60 km in case ofwhen co-channel operation and up to 14 km when operating in the adjacent-channel. It should also be noted that the user data-loss is not proportional to the part of the frame that is interfered because losing control channels could lead to a potentially bigger user data-loss.	Comment by United Kingdom: Simplifying	Comment by United Kingdom: This thought does not link with the rest of the paragraph and belongs elsewhere.
Synchronised operation avoids any BS-BS and MS-MS interferences therefore allowing coexistence between adjacent networks without the need for guard bands or additional filters. The synchronised operation is accompanied with some challenges, among others, related to the selection of common clock and frame structure (which implies a common DL / UL transmission ratio, as well as common potentially sub-optimal performance). Such challenges are explained in more detail in sSection 5.2.1. 	Comment by United Kingdom: Text moved to start of section
Semi-synchronised operation is similar to synchronised operation, with the exception that simultaneous UL / DL transmissions between networks can be allowed in some defined parts of the frame. Semi-synchronised operation is similar to synchronised operation, with the exception that simultaneous UL / DL transmissions between networks can be allowed in some defined parts of the frame. This leads to a controlled degree of flexibility at the expense of some controlledadditional interference that can be controlled to some extent. Compared to unsynchronised operation, semi-synchronised operation reduces the impact from BS-BS and MS-MS interferences, while ensuring some flexibility on the frame structure. Results from studies in SectionSectionSectionSectionSectionSectionSsection 4.5 show that in specific circumstances the ECC baseline out of block power limit can be applied to the semi-synchronised operation. in specific circumstances.. The interference impact on network performance associated with semi-synchronised operation is reduced when the amount of interference on the control channels is avoided (e.g. where possible, the flexible portions of the frame do not include control plane channels). As in the case of synchronised operation, when dealing with semi-synchronised networks, there will be a need for a common accurate phase / time synchronisation and for an agreement on a commoncompatible default frame structure to which flexibility is addedwhich identifies the portions of the frame where transmission direction is flexible. 	Comment by United Kingdom: Repetition
[bookmark: _Toc526891993][bookmark: _Toc528652152][bookmark: _Toc532306924]Enabling synchronised, unsynchronised and semi-synchronised operation at national level based on multi-lateral agreements among MFCN licensees
[bookmark: _Toc527035425][bookmark: _Toc527035483][bookmark: _Toc527035821][bookmark: _Toc526891994][bookmark: _Ref526933299][bookmark: _Toc528652153][bookmark: _Toc532306925]Synchronised operation
Synchronised operation is the recommended mode for Macro cells in general since it avoids any BS-BS and MS-MS interferences therefore allowing coexistence between adjacent networks without the need for guard bands or additional filters. This operating mode therefore simplifies the network deployment because no additional interference mitigation is requiredrelatively to interference mitigation. Synchronised operation leads to the selection of a commoncompatible frame structure, which determines a specific DL / UL transmission ratio and has an impact on, which contribute to the network performance (latency, spectral efficiency, throughput, coverage).	Comment by United Kingdom: Is this what is meant?
The out of block power limit associated with the synchronised operation mode was defined in ECC Decision (11)06- (October 2018) Table 3Table 3.
In case ofFor synchronised operation the following issues should be agreed at national level with a general framework[footnoteRef:16] involving all MFCN licensees in the band and in the same geographic area[footnoteRef:17]. In some cases, Administrations may get involved in order to reach multilateral agreements in a fair and timely manner:  [16:  As explained in section 2.2, operators’ agreements must be multilateral, involving all operators sharing a band, because the blocking effect can happen within the whole band regardless of any frequency separation within that band and is not restricted to the adjacent channel.]  [17:  “Same geographic area” refers to an area within which two networks can be impacted by mutual interference in case of simultaneous UL / DL transmissions.] 

A common phase clock reference (e.g. UTC) and accuracy/performance constraints that depend on the underlining technology (e.g. +/- 1.5 μs for LTE-TDD and 5G-NR), either using their own equipment to provide the clock, or sharing the same phase / time clock infrastructure. Permanent monitoring of the agreed clock source is needed. When losing the primary reference time clock (PRTC) equipment may continue operation for some time ("holdover period") that has to be agreed and which depends on the quality of the local oscillator in the BS and on the wireless network accuracy requirement. If the PRTC is lost for a period that is longer than the holdover period, the system shall no longer be considered in synchronised operation and may start interferingcause interference to other channelsoperators. Proper action shall therefore be taken (e.g. the BS shall be shut down until the PRTC is recovered);
A compatible frame structure (including TDD DL / UL ratio and frame length) to avoid simultaneous UL  /  DL transmissions (guard periods may be different, as illustrated in Figure 3Figure 3Figure 3);Figure 3Figure 3Figure 3Figure 3Figure 3Figure 3Figure 3);	Comment by United Kingdom: Not clear what needs to be "compatible" with what.
The terms & conditions where when cross-operator synchronisation must apply and/or may not be required (including the geographical areas and type of cells.macrocells, microcells and indoor cells.. See the following text on unsynchronised and semi-synchronised operation);	Comment by United Kingdom: The rest of the document discusses "synchronisation" and does not use the "cross-operator" terminology.	Comment by United Kingdom: Expanded for clarity	Comment by United Kingdom: Repetitive
Mechanisms should be foreseen to ensure the pPeriodicperiodic review of the agreed conditions may be needed in order to account for possible market and technology developments (e.g. introducing new technologies, adjusting to new needs in the DL  /  UL ratio or latency, etc.)	Comment by United Kingdom: Simplifying
Such agreements could account for the analysis carried out in ANNEX 3: and ECC report Report 216[footnoteRef:18].	Comment by United Kingdom: Not clear how this sentence helps [18: ] 

Synchronised operation between 5G-NR and LTE-TDD / WiMAX systems could implies imply a cost in term of user plane latency and throughput performance. Operators may have the option to reduce the user plane latency and RTT, under some circumstances, by using lower frequencies (e.g. 700, 800, 900, 1800 MHz) in combination with the 3400-3800 MHz band (e.g. through Carrier Aggregation or Supplemental Uplink schemes). it It is to be noted that operatorsSome licensees may not have access to additional spectrum in lower frequency FDD bands with available capacity (e.g. verticals and some MNOs) and the user terminals supporting these functionalities may not be available in short term. Furthermore, the above mentioned schemes cannot solve all issues associated with the synchronised operation of 5G-NR and LTE-TDD. The summary from the detailed assessments in A3.3 is provided in sSection 3.3.2. In addition, the highlighted performance issues that would arise in the case of cross technology synchronised operation would be resolved / avoided if existing licensees in the band decide to migrate their systems to 5G-NR[footnoteRef:19]. The costs associated with the synchronisation between LTE-TDD and 5G-NR networks could lead Administrations and MFCN licensees to consider the option of semi-synchronised and unsynchronised operation (the options associated with the unsynchronised operationand semi-synchronised operations of MFCNs are illustrated below).)).. 	Comment by United Kingdom: UK/40: Latency and throughput are highly dependent on other factors too including cell loading. Latency could be reduced using other approaches including SUL.	Comment by Latvia: LVA/15: Improvement of text.	Comment by United Kingdom: Repetitive. 3.3.2 discusses the performance penalty of sync with LTE and this has already been mentioned.	Comment by France: F/2: This additional information is not needed as obvious.
Any issue relative to defragmentation of the band is already addressed in the ECC report “defragmentation”. [19: ] 

[bookmark: _Toc526891995][bookmark: _Toc528652154][bookmark: _Toc532306926]Unsynchronised operation based on the ECC baseline out of block power limit
The benefit of uUnsynchronisedunsynchronised operation is in the fact that it does not require the adoption of a commoncompatible frame structure among licensees. Licensees can select the most appropriate frame structure independently and can adapt the frame structure to service and end user requirements, which may change depending on the location and on time. 	Comment by United Kingdom: Simplifying
However, in a multi-operator scenario, the flexibility in operators’ frame structure selection leads to a number of interference scenarios that need to be assessed and managed.
The out of block power limit for unsynchronised and semi-synchronised operation is defined in Table 4 of ECC Decision (11)06- (October 2018 Table 4., the "Restricted baseline". However, the ECC Decision allows CEPT Administrations to define a "relaxed alternative “restricted baseline limit” applying to specific implementation cases to ensure a more efficient usage of spectrum […] depending on national circumstances.") Table 4.	Comment by Sweden: S/13: Why is this mentioned here in a section dealing with unsynchronised operation based on the ECC baseline out of block power limit? It doesn't seem as an appropriate information.

Consider whether the sentence (this information) is relevant in this section or not. If not, delete the sentence (information).	Comment by United Kingdom: UK/41: The Restrictive baseline applies to semi-synchronised operator too unless individual Administrations decide to relax it in specfic circumstances.	Comment by United Kingdom: Added for clarity
The simulations assumptions adopted for the studies in this Report for the unsynchronised scenario are assessingassessed the feasibility of unsynchronised operation in case of ECC baseline out of block power limit.The simulations. defined in this report assess the feasibility of unsynchronised operation when using the ECC baseline limit and not the restricted baseline limit because of the practical difficulties in achieving the restricted baseline limit as discussed earlier.ECC Decision (11)06 (October -2018) Table 3. . The assumptions in the studies are consistent with the definition and assumptions in ECC Report 281, including the simultaneous UL / DL transmissions across the whole frame. (.. (aka "fully asynchronised" or "anti-synchronised transmission)." scenario). 	Comment by United Kingdom: Re-drafted for clarity.	Comment by Ericsson-Huawei: ERIC-HW/97: Editorial	Comment by Ericsson-Huawei: ERIC-HW/98: Editorial
Factual
System level simulations do not account for the additional potential data loss that would derive result from interfered control channels (e.g. inability to decode the whole frame resulting in larger throughput degradation)[footnoteRef:20]. However, the better protection of control channels is not taken into account. Link-level simulations would be required for a more accurate analysis.	Comment by Sweden: S/14: The footnote has wrong format	Comment by Latvia: LVA/17: Formating of footnote (formatting to superscript).	Comment by United Kingdom: Repetitive [20:  Simulations have mapped SINR to throughput, which allows accounting for interfered Physical Uplink Shared Channel (PUSCH).
When determining the average UL throughput loss, simulations have not accounted for interference on control channels such as the Physical Uplink Control Channel (PUCCH), which would have impacts on ACK/NACK transmissions (such mechanism cannot be covered by the SINR – throughput curve. Simulations, in fact, accounted for cell-to-cell interference).] 

Unsynchronised operation could be allowed at national level in a limited number of specific cases where sufficient isolation between interferer and victim base stations exists. The associated parameters should be agreed at national level with multi-lateral[footnoteRef:21] agreements among all MFCN licensees in the same geographic area[footnoteRef:22] in the band in a fair and timely manner. Such agreements could account for the following options:	Comment by Latvia: LVA/16: Editing (deleting extra dot) [21:  As explained in section 2.2, operators’ agreements must be multilateral, involving all operators sharing a band, because the blocking effect can happen within the whole band regardless of any frequency separation within that band and is not restricted to the adjacent channel.]  [22:  “Same geographic area” refers to an area within which two networks can be impacted by mutual interference in case of simultaneous UL / DL transmissions.] 


Options for enabling the unsynchronised operation involving Macro-cellular networks:
A specific recommendation for the separation distance or a single set of trigger values between unsynchronised Macro-cellular networks cannot be provided (due to the dependency fromon various factors[footnoteRef:23]). Section 4.2.1 provides the methodology to support Administrations and MFCN licensees in deriving specific values for separation distances and/or trigger values at national level. MFCN licensees need those values to establish an agreement when their networks are not synchronisednotfully or semi-partially synchronised fully or partially.	Comment by Nokia: NOK 99 - Editorial [23:  Network technologies and topologies (LTE / 5G-NR, non-AAS / AAS BS, BS antenna height), propagation environment and propagation model, frequency assignments, protection criteria (I/N or network throughput loss at x%, etc.….).] 

The results from the coexistence studies summarised in sSection 4 of this Report show that those distances could be up to 60 km in case ofwhen co-channel operation and up to 14 km in case of  when operating in the adjacent-channel operation[footnoteRef:24]. Those separation distances are based on the analysis detailed in ANNEX 6: for a flat terrain environment. Smaller distances may be achieved in a different environment and/or with proper mitigation techniques e.g. with some coordination on the azimuth/down tilt, etc. 	Comment by Latvia: LVA/18: Editing [24:  It should be noted that ITU-R M.2374 has performed a study between adjacent-channel unsynchronised LTE systems in the 2.3 GHz band, with the conclusion that « without any additional RF improvement, one BS could influence unsynchronised BSs operating in adjacent spectrum block in an area with a radius of. 2.4 to 5.3 km depending on the propagation environment », which illustrates that input hypothesis such as the propagation model are of significant importance.] 

In case of coordination within national borders, different coordination parameters may be defined (leading to different separation distances) compared to the case of international cross border coordination. While the specific coordination parameters will need to be agreed at national level, the international coordination approaches defined in ECC-Rec Rec. RecECC Recommendation (15)01 [4] may be used as a reference to deal with the case of two unsynchronised Macro-cellular networks within a given country when the physical borderline is defined between two networks. 

Options for the unsynchronised operation involving Micro BS networks in the same area:
The studies are summarised in sSection 4.3 and reported in ANNEX 6:. Based on thoseSimulation results have shown that, in general, unsynchronised operation of Micro BSs in case of ECC baseline out of block power limit in the same geographic area might not be feasible.	Comment by Latvia: LVA/19: Editing	Comment by Ericsson-Huawei: ERIC-HW/100: editorial
From Micro BS – to – Micro BS perspective, tTherethere could be very specific circumstances where two Micro BSs could coexist between each other while respecting when using the ECC baseline out of block power limit. For example, when the adjacent-channel Micro BSs are not in line of sight (i.e. 100% NLoS) and are separated by a minimum distance that depends on the specific deployment setup. These Micro BSs might still face coexistence issues with the Macro-cellular network coverage layer above them because they are likely to be in LoS of Macrocells and Macrocells are higher power (in both directions).).	Comment by United Kingdom: The context is already clear	Comment by United Kingdom: It's not clear what this sub-clause adds.	Comment by United Kingdom: For clarity

Options for the unsynchronised operation involving indoor BS:
Studies summarised in sSection 4.4 and reported in ANNEX 7: have investigated the case of unsynchronised operation of indoor BS and Macro-cellular network in the same area. Simulation results have shown that (under specific assumptions, in the adjacent channel case) in order to limit the mean UL throughput lossdegradation for the indoor BS network to maximum 5%, the ACIR (adjacent channel interference ratio) between the networks has to be in the range 25 to 65 dB, depending on the actual channel realisation between the Macro BS and indoor BS. 	Comment by Ericsson-Huawei: ERIC-HW/101: Editorial	Comment by Latvia: LVA/20: Editing
Based on the above: the unsynchronised operation of low power[footnoteRef:25] indoor BSs standard equipment, in some cases, it will lead to less than 5% mean UL throughput lossdegradation and in other cases it will lead to larger losses. This indicates that, for this type of scenario, unsynchronised operation should be possible with careful installation[footnoteRef:26] of the indoor BS. In addition, the sSynchronisedsynchronised operation of Macro BS and indoor BS may be difficult in practice because of the challenges involved in distributing the common clock signal to indoor BSlead to technical implementation challengesimplementation9challenges due to the need to distribute the common clock signal across all BS involved.	Comment by United Kingdom: Repetitive	Comment by United Kingdom: Rephrased for clarity [25:  24 dBm TRP was assumed in the study included in ANNEX 7:to this Report. 3GPP 38.104 defines 24 dBm as the maximum TRP for the Local Area BS power class. ]  [26:  For example ”careful installation” would include measures like ceiling-mounted installation, placement of indoor BS away from windows, additional shielding around buildings in the worst case. Such measures may be more appropriate for professional installations which seem less suitable for consumer-type of scenario (without further mitigation schemes implemented in the indoor BS). Such measure seems to be feasible in case of industrial – type of use case (e.g. smart factory indoor coverage).] 

Compared to the The 5% meanUL throughput degradation requirement,Some services, including URLLC, may require performance criterion is not acceptable for those services requiring closer to 0% maximum average UL URRLC use cases. For these use cases the throughput loss and could not tolerate 5%,., based on the simulations Simulations  level needs to be closer to 0%. According to the results show that , sucha close to 0% throughput loss, such target wouldthe URLLC use cases will require an additional isolation somewhere in the order ofof around 20-25 dB (compared to the 5% loss results).. Such additional isolation could be obtained with accurate indoor BS planning and, for example, with adoption of proper appropriate shielding around the building.	Comment by United Kingdom: Reworded for clarity
 .
Such additional isolation could be obtained with accurate indoor BS planning and, for example, with adoption of proper shielding around the building.
The reverse case where the Macro-cellular network is the victim has not been simulated because the indoor cells will be lower power and so are expected to pose a lower risk of interference. However, it can be observed that the indoor system has lower output power, leading to an expected lower impact from the indoor system. On the other hand, if there are several buildings with indoor systems deployed, there is could be a need to consider the effect of the aggregate interference.	Comment by United Kingdom: Reworded for clarity
In the case of a possible co-channel operation of Macro BS and Indoor BS, the conclusions on coexistence between the two systems should account for lack of out of block filtering on the Macro BS and on the indoor BS transmitters' side.
Accounting for the above, agreements among MFCN licensees that operate Macro-cellular networks and the Indoor BS in the same area and in the same band at national level could include the conditions that identify the specific circumstances under which indoor BS networks could operate in unsynchronised mode.
[bookmark: _Toc526891996][bookmark: _Toc528652155][bookmark: _Toc532306927]Semi-synchronised operation based on the ECC baseline out of block power limit
Semi-synchronised operation is similar to synchronised operation, with the exception that simultaneous UL  /  DL transmissions between networks can be allowed in some defined parts of the frame. This leads to a controlled degree of flexibility at the expense of some controlledadditional interference. that can be controlled to some extent.. Compared to unsynchronised operation, semi-synchronised operation reduces the impact fromon BS-BS and MS-MS interferences, while ensuring some flexibility on the frame structure. The results from studies in Section 4.5 show that in specific circumstances the ECC baseline (as defined in ECC Decision (11)06- (October 2018) Table 3), out of block power limit can be applied to the semi-synchronised operation.	Comment by United Kingdom: Repetitive
In order to deploy semi-synchronised operation of TDD mobile networks in a multi-network context (without guard bands or operator-specific custom filters), MFCN licensees need to reach agreement on:
Time synchronisation, as for synchronised operation;
Partial frame alignment: the agreement shall define a default frame structure for synchronised operation (for which UL / DL directions are defined across the whole frame) and at the same time the part of the frame where each operator is allowed to reverse the default transmission direction (flexible part);
The terms and conditions under which the ECC baseline out of block power limit can be applied to the semi-synchronised operation.
Options for the semi-synchronised operation of Macro BSs and Micro BSs:
The studies summarised in sSection 4.5 and reported in ANNEX 8: have led to the following results (under specific assumptions[footnoteRef:27]): [27:  A) As shown in Figure 15, the 288m network shift assumption between Macro-cellular networks represents a best case assumption. Similarly, the 96m network shift assumption between Micro-cellular networks represents a best case assumption.
  B) Differently from the approach followed in this study, the recommended approach is to use the separation distance and the line-of-sight probability as input parameter during the coexistence studies between the Macro-cellular network and the Micro BSs network. This approach accounts for the fact that it is difficult to carry out meaningful simulations to assess the interference between two Micro BS networks in the same urban area since the interference scenario will be strongly impacted by the LoS / NLoS conditions which radically change as the Micro BSs change their locations with respect to buildings.
   C) Coexistence between the Macro-cellular network and the Micro BS network was not assessed by this study.] 

If no changes are applied to the default frame structure, the semi-synchronised operation is identical to the synchronous case;	Comment by United Kingdom: This does not need to be said in the summary.
In case an operator selects the UL direction in the flexible part while the default frame structure adopts the DL direction (DL to UL modifications), the operator which follows the default (DL) frame transmission direction does not receive additional BS to -BS interference compared the synchronous case;
In case an operator selects the DL direction in the flexible part while the default frame structure adopts UL direction (UL to DL modifications), the operator which follows the default (UL) frame transmission direction receives additional BS to -BS interference compared to the synchronous case. 	Comment by Sweden: S/15: This paragraph should probably be a third (last) bullet point.
"DL to UL modifications": the default DL transmission direction in the flexible part is modified into UL
In this case, from BS-BS interference perspective, the network that modifies the default DL transmission direction into UL will not interfere the other network while it will receive additional interference from the other network. 
In most circumstances, MS-MS interference will be negligible because terminals typically transmit intermittently and many will be mobile so any interference would be transient.When the MS-MS interference can be neglected, the ECC Decision (11)06 (October 2018)baseline out of block power limit can be adopted without requiring regulatory intervention.
It is expected that some 5G use cases will imply the deployment of MSs that are in fixed positions and close to each other. In some of those specific scenarios[footnoteRef:28], the MS-MS interference might not be negligible anymore: no specific studies were performed with this respect. Therefore, in case of MSs that are in fixed positions and close to each other, no conclusion can be derived on the applicability of the ECC baseline out of block power limit.	Comment by Ericsson-Huawei: ERIC-HW/104: General
Regulatory provisions cannot be derived if studies were not performed 
See also ERIC-HW/90 [28:  E.g. crowded stadiums, trains, busses, (home) CPEs in fixed wireless access (FWA) systems, and fixed machinery/robots in factories.] 

A general framework could be defined at the national level specifying the scope of semi-synchronised operation in terms of geographical areas: defining whether and in which types of scenario downlink slots may be unilaterally converted to uplink slots should take into account situations when MS-MS interferences can be considered acceptable and when they cannot, assuming MS RF requirements are handled by SDOs and associated harmonised standards.
"UL to DL modifications": the default UL transmission direction in the flexible part is modified into DL
In this case, from BS-BS interference perspective, the network that modifies the default UL transmission direction into DL will interfere the other network while it will not receive additional interference from the other network. 
A general framework could be defined at the national level specifying the scope of semi-synchronised operation in terms of geographical areas and type of cells: defining whether and in which types of scenario uplink slots may be unilaterally converted to downlink or flexible slots should take into account situations when BS-BS interferences can be considered acceptable and when they cannot.
It is worth noticing noting that operators will not always decide to modify the default transmission direction from UL into DL (and from DL into UL) in the whole flexible part of the frame. In a typical scenario, an operator might decide to modify the agreed default frame structure in specific locations (e.g. hot zonesspots) and at specific times (e.g. specific event or busy hour). In this particular case, not all the networkonly cells in areas where the transmission direction has been changed  will be subject to cross-link interference.	Comment by United Kingdom: Expanded for clarity
The mMultimulti-stakeholder agreements will need to target the optimal balance between transmission direction flexibility and the additional interference (with associated throughput degradation). Such multi-stakeholder agreements should account for the following options which are based on the results from sSection 4.5:
In case of DL to UL flexibility, the following applies regardless of the MFCN BS type:	Comment by United Kingdom: This repeats what has been said above.
In this case, from BS-BS interference perspective, the network that modifies the default DL transmission direction into UL will not interfere the other network while it will receive additional interference from the other network. 
In case of UL to DL flexibility:
Coexistence is facilitated if semi-synchronised operation is applied to Micro and indoor BS but it could be technically challenging for indoor BS to be semi-synchronised with outdoor networks.;
Coexistence could be more challenging if semi-synchronisedsynch operation is applied to Macro BS before some efficient interference cancellation algorithms being have been developed and implemented. 
It is also expected that semi-synchronised operation will be facilitated for cells that are not fully loaded. The actual coexistence feasibility for the different scenarios will depend on the specific circumstances and assumptions that can only be clarified at national level.	Comment by United Kingdom: UK/43: It is not clear how this would be integrated into a national synchronisation framework. Cell loading would be hard, if not impossible, for an Administration to monitor and enforce.
[bookmark: _Toc526891997]
[bookmark: _Toc528652156][bookmark: _Toc532306928]Options for agreements

A general framework shouldcould be defined at the national level specifying:	Comment by Germany: D/8: A more flexible wording is proposed. Reason see page 54 “It should be noted that at the time of this writing, some of the CEPT Administrations have carried out their spectrum awards in the 3400-3800 MHz band without setting up the synchronisation framework before the auction"
The technical parameters for synchronised and, for semi-synchronised operation if appropriate (including reference clock and reference frame structure) as described in previous Sections;	Comment by United Kingdom: It is unclear why these particular technical parameters are emphasised here.
The scope of synchronised, semi-synchronised and unsynchronised operation in terms of geographical areas and type of cells (e.g. whether indoor cells may operate in unsynchronised operation, and whether and in which types of scenario downlink slots may be unilaterally converted to uplink slotswhen semi-synchronised operation may be used);	Comment by United Kingdom: Simplifying
The definition of such framework before the spectrum awards would lead to greater market certainty.

If operators prove not to be able to reach timely agreements, Administrations may need to get involvedfacilitate be involved in the process to ensure fair and timely agreements. In fact, there could be in cases where agreements could be more challenging, for example[footnoteRef:29]:	Comment by United Kingdom: Administrations might seek to facilitate agreements rather than waiting until operators fail to agree.	Comment by Germany: D/9: A more flexible wording is proposed. [29:  Such case have also been assessed in section §3.3 of ECC Report 216.] 

Different operators may prefer different frame structures based on the services they seek to provide. As a consequence, the negotiation to achieve common parameters (especially on the DL / UL ratio and performance targets) may bebecome challenging;
Multi-lateral agreements (involving all licensees in the band that may interfere with each other (beyond the two licensees with adjacent frequency blocks) are needed);; 	Comment by United Kingdom: Repetitive
Agreements on more complex synchronisation frameworks are more difficult to be achieved (e.g. regional/local licensing);
Agreements may become more difficult in case of asymmetric or non-mutual interference scenarios (e.g. Macro-cellular networks vs. Indoor BS networks, downlink-only configurations) - see also ECC Report 216 §Section 3.3;
Licensees operating networks in the band which do not implement AAS technology in their BSs might have less incentive in synchronised operation (due the possibility, in case of non-AAS BSs, to add external filters to meet the ECC restricted baseline out of block power limit);).
Administrations could establish mechanisms to Licensees may seek to periodically update (e.g. every few five years) the parameters characterizingcharacteriszing the synchronisation framework which require agreements among licensees. Such updates may be necessary to cope withadapt to evolving technology and market requirements (e.g. with reference to latency and DL / UL ratio requirements and advances in semi-synchronised operation). The arrival of new networks should be handled with special care to ensure the continued operation of the established synchronisation framework.	Comment by United Kingdom: UK/44: Licensees would usually be the driving force in seeking a change to their licencing conditions rather than changes being driven by administrations.	Comment by United Kingdom: UK/45: What does this mean? Administrations will, of course, need to take the views of all stakeholders into account.
In case of incumbent MFCN systems, Administrations might consider consolidating those similar systems together in specific portions of the 3400-3800 MHz band. Such measures will facilitate unsynchronised operation between new nationwide 5G networks and existing MFCN networksother types of networks by reducing the number of geographic and spectrum “boundaries”, (see ECC Report 287).	Comment by United Kingdom: UK/46: Not just MFCN; For example, Germany is considering verticals in 3 700-3 800 MHz
In case of regional / local assignments, Administrations might consider defining stable borders and coexistence conditions at those borders. Such measures will facilitate unsynchronised operation between networks not in the same area e.g. based on approaches defined in  ECC-RecECC Recommendation (15)01 [4].


[bookmark: _Toc528652157][bookmark: _Toc532306929]Conclusions
Starting from the definitions provided in ECC Report 281 for the synchronised, unsynchronised and semi-synchronised operation, this Report supports AAdministrations, wishing to do so, in setting up a synchronisation framework at national level for the introduction of 5G-NR in the 3400-3800 MHz band in a multi-operator environment.
Benefits and challenges of the above mentioned three operating modes are briefly summarised as follows:
Synchronised operation is the recommended mode for Macro cells in general since it since it avoids any BS-BS and MS-MS interferences therefore allowing coexistence between adjacent networks without the need forof guard bands or additional filters. This operating mode simplifies the network deployment because no additional interference mitigation is requiredrelatively to interference mitigation. Synchronised operation leads to the selection of a commoncompatible frame structure, which determines a specific DL / UL transmission ratio and frame length and has an impact onwhich contribute to the  network performance (latency, spectral efficiency, throughput, coverage). A common phase clock reference (e.g. UTC) and accuracy/performance constraints that depend on the underlining technology (e.g. +/- 1.5 μs for LTE-TDD and 5G-NR) is required and those aspects and challenges are detailed in ECC Rreport 216.	Comment by United Kingdom: Is this what is meant?	Comment by Ericsson-Huawei: RIC-HW/106: Technical
frame length and DL/UL ratio are among the factors that determine network performance in terms of throughput, latency, …	Comment by United Kingdom: This paper does not articulate why different frame structures should affect coverage.
Unsynchronised operation does not require the adoption of a commoncompatible frame structure among licensees. Licensees can select the most appropriate frame structure independently and can adapt the frame structure to service and end user requirements, which may change depending on the location and on time. However, in a multi-operator scenario, the flexibility in operators’ frame structure selection leads to a number of interference scenarios that need to be assessed and managed.
Semi-synchronised operation is similar to a mixed mode of synchronised and unsynchronised operation, with the exception that. This mode allows simultaneous UL  /  DL transmissions between networks can be allowed in some defined parts of the frame. Semi-synchronised operation is similar to synchronised operation, with the exception that simultaneous UL / DL transmissions between networks can be allowed in some defined parts of the frame. This leads to a controlled degree of frame structure flexibility at the expense of some additional interference that can be controlled interferenceto some extent. A common phase clock reference (e.g. UTC) and accuracy/performance constraints that depend on the underlining technology (e.g. +/- 1.5 μs for LTE-TDD and 5G-NR) is required.	Comment by Ericsson-Huawei: ERIC-HW/107: General
Given the freedom to operators in choosing whether or not to apply the flexibility for each of the agreed "flexible symbols". The exact level of interference cannot be predicted and cannot be fully controlled. It may be controlled to some extent.
See also ERIC-HW/15
TheThis Report has identified the following items that will need toshould be agreed at the national level to enable the three operating modes. 	Comment by Germany: D/10: A more flexible wording is proposed.
For synchronised operation, a common framework or a multilateral agreement has to be defined at the national level so that all MFCN licensees in the same band[footnoteRef:30] use:	Comment by Latvia: LVA/21: Editing of footnote No 31, 33, 34 (adding dots) [30:  Not limited to the licensees with adjacent blocks.] 

A common phase clock reference (e.g. UTC), with proper accuracy/performance constraints and permanent monitoring and agreed remedies in case of accuracy loss;
A compatible frame structure to avoid simultaneous UL / DL transmissions;
Mechanisms to ensure the periodic review of the agreed conditions.	Comment by United Kingdom: UK/47: This could be considered a "nice to have" but is not necessary for establishing a synchronisation framework.
The feasibility and performance impacts of synchronised operation between different radio technologies has to be assessed on a case-by-case basis depending on the specific technologies[footnoteRef:31]. The synchronised operation of 5G-NR and LTE-TDD may imply a cost in terms of user plane latency and performance, especially with regards to 5G URLLC latency targets. Operators may have the option to reduce the user plane latency and RTT, under some circumstances, by using lower frequencies (e.g. 700, 800, 900, 1800 MHz) in combination with the 3400-3800 MHz band (e.g. through Carrier Aggregation or Supplemental Uplink schemes). [31:  ECC report 216 has assessed LTE-TDD/WiMAX cross-technology synchronisation feasibility. This report has assessed 5G-NR/LTE-TDD cross technology synchronisation. The case for 5G-NR/WiMAX cross-technology synchronisation has not been assessed but it is understood that every LTE-TDD configuration has at least one 5G-NR equivalent configuration, making it therefore theoretically feasible to align a 5G-NR carrier with an adjacent-channel WiMAX carrier as assessed in ECC report 216.] 

In case of semi-synchronised operation, a common framework or a multilateral agreement has to be defined at the national level so that all MFCN licensees in the same band[footnoteRef:32] use: [32:  Not limited to the licensees with adjacent blocks.] 

A common phase clock reference, as for synchronised operation;
Partial frame alignment: the agreement shall define a default frame structure as for synchronised operation (for which UL / DL directions are defined across the whole frame) and at the same time the part of the frame where each operator is allowed to reverse the default transmission direction (flexible part). If no changes are applied to the default frame structure, the semi-synchronised operation is identical to the synchronous case;
The terms and conditions under which the ECC baseline out of block power limit can be applied to the semi-synchronised operation.
Unsynchronised operation does not require the adoption of a commoncompatible frame structure among licensees. Licensees can select the most appropriate frame structure. Licensees will need to agree on the terms and conditions under which the ECC baseline out of block power limit can be applied to the unsynchronised operation. Meaning that unsynchronised operation could be allowed at national level in a limited number of specific cases where sufficient isolation between interferer and victim base stations exists and where the ECC baseline out of block power limit can be applied to the unsynchronised operation.
According to ECC Decision (11)06, (October 2018), in case of unsynchronised and semi-synchronised operation the ECCEC  ,jC restricted baseline limit[footnoteRef:33] applies by default. In this case: [33:  See ECC Decision (11)06 (October 2018) Table 4.] 

The interfering BS transmitter requires custom filters and guard band;
The victim BS receiver also requires custom filters to avoid blocking.	Comment by United Kingdom: UK/48: ECC Decision (11)06 only considers transmission masks, not receiver blocking. It is true that receivers would likely need appropriate filtering in this scenario but it is not mandated by ECC Decision (11)06.
Operator-specific filters would likely be necessary to meet the ECC Restricted baseline emissions limit. Based on currently available technology,  it is assumed that it will be challenging to implement operator-specific filters cost effectively in case of AAS BSs. Therefore, this Report provides an analysis on whether and under which conditions the unsynchronised and semi-synchronised operating modes can be used when base stations implement the ECC baseline out of block power limits[footnoteRef:34]. Here follows a concise summary for the main options that have been identified noting that more details are provided in the "Toolbox Section" (Section 5).	Comment by United Kingdom: UK/49: This step in the logic is necessary to link the previous paragraph to this paragraph. [34:  ECC baseline out of block power limit is defined in Table 3 of ECC Decision (11)06 (October 2018) with reference to the synchronised operation.] 

With respect to unsynchronised operation with the ECC baseline out of block power limit, the following options are identified:
Unsynchronised Macro- cellular networks in the same area
Without operator-specific filters, it may not be possible to rely on guard bands alone to enable unsynchronised operation between operators;
Separation distances are therefore needed but a specific recommendation or single set of trigger values cannot be provided due to the dependency from various factors[footnoteRef:35]. The studies show minimum distances required between unsynchronised Macro- cellular networks could be up to 60 km in case ofwhen co-channel operation and up to 14 km when operating in the adjacent-channel. [35:  Network technologies and topologies (LTE/5G-NR, non-AAS/AAS BS, BS antenna height), propagation environment and propagation model, frequency assignments, protection criteria (I/N or network throughput loss at x%, etc.….).] 

Unsynchronised Micro BS networks and Macro- cellular networks in the same area
The studies show that, in general, adjacent-channel unsynchronised operation of Macro- cellular networks and Micro BS networks might not be feasible in the same area. Separation distances have not been assessed in this Report.
If there is no Macro- cellular network, adjacent-channel unsynchronised operation between two Micro BS networknetworks might be feasible with careful planning avoiding line of sight between Micro BS.	Comment by United Kingdom: For clarity
Unsynchronised Indoor BS networks and Macro- cellular networks in the same area 
Under specific assumptions in the adjacent channel case, unsynchronised operation should be possible with careful installation[footnoteRef:36] of the indoor BSs.  [36:  For example ”careful installation” would include measures like ceiling-mounted installation, placement of indoor BS away from windows, additional shielding around buildings in the worst case. Such measures may be more appropriate for professional installations which seem less suitable for consumer-type of scenario (without further mitigation schemes implemented in the indoor BS). Such measure seemseemseemseemseemseemseems to be feasible in case of industrial – type of use case (e.g. smart factory indoor coverage).] 

Synchronised operation of indoor BS may be difficult in practice because of the challenges involved in distributing the common clock signal to indoor BSIt is noted that the synchronised operation of Macro BS and Indoor BS may lead to technical implementation challenges relatively to the distribution of the common clock signal to all BS involved;	Comment by United Kingdom: Simplifying text
In case of co-channel operation of Macro BSs and indoor BSs, the lack of out of block filtering on the Macro BS and on the indoor BS transmitters' sides will need to be considered.
With respect to semi-synchronised operation with the ECC baseline out of block power limit, it is useful to distinguish DL-to-UL and UL-to-DL modifications compared to the reference frame:
"DL to UL modifications": the default DL transmission direction in the flexible part is modified into UL
From BS-BS interference perspective, the network that modifies the default DL into UL will not interfere the other network while it will receive additional interference from the other network;
In most circumstances, MS-MS interference will be negligible because terminals typically transmit intermittently and many will be mobile so any interference would be transient.When the MS-MS When the MS-MS interference can be neglected, the ECC baseline out of block power limit can be adopted without requiring regulatory intervention. It is expected that some 5G use cases will imply the deployment of MSs that are in fixed positions and close to each other[footnoteRef:37]. No specific studies were performed on MS-MS interference. Therefore, in case of MSs that are in fixed positions and close to each other, no conclusion can be derived on the applicability of the ECC baseline out of block power limit. [37:  E.g. crowded stadiums, trains, buses, (home) CPEs in fixed wireless access (FWA) systems.] 

"UL to DL modifications": the default UL transmission direction in the flexible part is modified into DL
From BS-BS interference perspective, the network that modifies the default UL transmission direction into DL will interfere the other network while it will not receive additional interference from the other network. ;
Coexistence is facilitated if semi-synchronised operation is applied to Micro and indoor BS, but it could be technically challenging for indoor BS to be semi-synchronised with outdoor networks.;	Comment by United Kingdom: Important caveat.
Coexistence could be more challenging if semi-synchronised synch operation is applied to Macro BS before some efficient interference cancellation algorithms being have been developed and implemented. ;
It is also expected that semi-synchronised operation will be facilitated for cells that are not fully loaded.	Comment by United Kingdom: It is not clear how this would be integrated into a national synchronisation framework. Cell loading would be hard, if not impossible, for an Administration to monitor and enforce.
The actual coexistence feasibility for the different scenarios will depend on the specific circumstances and assumptions that can only be clarified at national level.
A general framework could be defined at the national level by Administrations wishing to do so specifying:
The technical parameters for synchronised operation, and for semi-synchronised operation if appropriate (including reference clock and reference frame structure);
The scope of synchronised, semi-synchronised and unsynchronised operation in terms of geographical areas and type of cells (e.g. whether indoor cells may operate in unsynchronised operation, and whether and in which types of scenariosscenario downlink slots may be unilaterally converted to uplink slots).
It should be noted that at the time of this writing, some of the CEPT Administrations have carried out their spectrum awards in the 3400-3800 MHz band without setting up the synchronisation framework before the auction.	Comment by Orange: Orange/18: This paragraph gives some bad example information, it should be deleted.
If operators prove not to be able to reach agreements, Administrations may need to getbe involved in facilitate the process to ensure fair and reasonable agreements. 	Comment by United Kingdom: Administrations might seek to facilitate agreements rather than waiting until operators fail to agree.
Administrations could establish mechanisms through which the parameters characterizing characterising the synchronisation framework are periodically updated. This process could be triggered by the regulatorAdministrations or by the licensees.
In the case of incumbent MFCN systems, Administrations might want to consider consolidating those similar systems together in specific portions of the 3400-3800 MHz band. Such measures will facilitate unsynchronised operation between new nationwide 5G networks and existing MFCNother types of networks by reducing the number of geographic and spectrum “boundaries” (see ECC Report 287).	Comment by United Kingdom: Not just MFCN; Germany is considering verticals in 3 700-3 800 MHz
In the case of regional / local assignments, Administrations might consider defining stable borders and coexistence conditions at those borders. Such measures will facilitate unsynchronised operation between networks not in the same area.
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