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	Summary:
We have analysed the potential mitigation mechanism provisionally titled “smartphone-assisted coordination” as defined in ECC PT1(24)060 Annex 23 in the context of the sharing of the U6 GHz band by MFCNs and WAS/RLANs with priority given to MFCNs. 
Based on our formulation, the successful operation of this potential mitigation mechanism would rely on the ability of WAS/RLAN equipment to decode special “channel unavailable” WAS/RLAN signals that would be repetitively transmitted by nearby MFCN UEs outside the U6 GHz band. Once a WAS/RLAN equipment decodes the said “channel unavailable” signals, it would be required to cease transmissions in the relevant U6 GHz channel. 
From a technical perspective, we expect that the potential mitigation mechanism could in principle result in efficient spectrum sharing given a sufficiently large number of U6 GHz MFCN UEs acting as geographically distributed sensors which can report on channel availability for WAS/RLANs in a wide variety of locations within the coverage area of an MFCN. However, the unpredictable behaviour of radio propagation means that in practice it is almost certain that some MFCN UEs would erroneously fail to transmit “channel unavailable” signals, or that some WAS/RLANs would fail to decode the correctly transmitted “channel unavailable” signals, in both cases resulting in continued WAS/RLAN transmissions and harmful interference to MFCNs. Accordingly, the viability of such a mechanism as a standalone sharing mechanism is by no means certain. 
Furthermore, the potential mitigation mechanism would be at the expense of additional WAS/RLAN hardware in MFCN UEs (not an issue in terms of bill of materials for the case of smartphones which already incorporate both MFCN and WAS/RLAN transceivers), as well as RF technical complexities and constraints in the dual transmission/reception of signals belonging to different technologies, and last but not least, additional power consumption for the transmission of WAS/RLAN signals by the UEs. This functionality would need to be implemented in all MFCN UEs (not only smartphones) which are intended to operate in the U6 GHz band in Europe, including those that are placed on the market globally (to account for potential roaming).
Notably, such a potential mitigation mechanism would imply that WAS/RLANs would be permitted to operate in the U6 GHz band prior to the deployment of MFCNs in the band. However, the on-going transmissions by WAS/RLAN equipment could compromise the operation of MFCNs once the latter are deployed, including the disruption of the operation of the MFCN UEs as part of the potential mitigation mechanism itself (i.e., the MFCN UEs may not be able to instruct the WAS/RLANs to vacate the channel). 
Finally, while we have presented the potential mitigation mechanism in the context of a single WAS/RLAN technology, the technology neutrality of spectrum regulations in Europe means that any number of different WAS/RLAN technologies could be deployed in the U6 GHz band. This means that the transmitted “channel unavailable” WAS/RLAN signals cannot be technology-specific (i.e., they cannot simply be Wi-Fi signals and would need to be jointly standardised at the relevant WAS/RLAN standards bodies. 


	Proposal:
We invite ECC PT1 to account for the text in this contribution as appropriate while updating the working document on the draft ECC report on "Feasibility of shared use of the 6425-7125 MHz frequency band by MFCN and WAS/RLAN”.


	Background:
In its Opinion on ITU-R World Radiocommunication Conference 2023, RSPG states:
“RSPG recommends that the Commission should clarify explicitly the intention for EU to consider, by 2024 or later, the best usage of the frequency band 6 425-7 125 MHz for wireless broadband in the future: either IMT, or WAS/RLAN or a shared framework between IMT and WAS/RLAN, possibly depending on the portion of this frequency band…”
As a result, in March 2023 a new work item was set up at CEPT PT1 on “Feasibility of shared use of the 6425-7125 MHz frequency band by MFCN and WAS/RLAN”. The output of this work item will be an ECC Report with a target completion date of March 2025.





Evaluation of potential mitigation mechanism:
Smartphone-assisted coordination;
outdoor – indoor limitation; priority for MFCN
Summary 
We have analysed the potential mitigation mechanism provisionally titled “smartphone-assisted coordination” as defined in ECC PT1(24)060 Annex 23 in the context of the sharing of the U6 GHz band by MFCNs and WAS/RLANs with priority given to MFCNs. 
Based on our formulation, the successful operation of this potential mitigation mechanism would rely on the ability of WAS/RLAN equipment to decode special “channel unavailable” WAS/RLAN signals that would be repetitively transmitted by nearby MFCN UEs outside the U6 GHz band. Once a WAS/RLAN equipment decodes the said “channel unavailable” signals, it would be required to cease transmissions in the relevant U6 GHz channel. 
From a technical perspective, we expect that the potential mitigation mechanism could in principle result in efficient spectrum sharing given a sufficiently large number of U6 GHz MFCN UEs acting as geographically distributed sensors which can report on channel availability for WAS/RLANs in a wide variety of locations within the coverage area of an MFCN. However, the unpredictable behaviour of radio propagation means that in practice it is almost certain that some MFCN UEs would erroneously fail to transmit “channel unavailable” signals, or that some WAS/RLANs would fail to decode the correctly transmitted “channel unavailable” signals, in both cases resulting in continued WAS/RLAN transmissions and harmful interference to MFCNs. Accordingly, the viability of such a mechanism as a standalone sharing mechanism is by no means certain. 
Furthermore, the potential mitigation mechanism would be at the expense of additional WAS/RLAN hardware in MFCN UEs (not an issue in terms of bill of materials for the case of smartphones which already incorporate both MFCN and WAS/RLAN transceivers), as well as RF technical complexities and constraints in the dual transmission/reception of signals belonging to different technologies, and last but not least, additional power consumption for the transmission of WAS/RLAN signals by the UEs. This functionality would need to be implemented in all MFCN UEs (not only smartphones) which are intended to operate in the U6 GHz band in Europe, including those that are placed on the market globally (to account for potential roaming).
Notably, such a potential mitigation mechanism would imply that WAS/RLANs would be permitted to operate in the U6 GHz band prior to the deployment of MFCNs in the band. However, the on-going transmissions by WAS/RLAN equipment could compromise the operation of MFCNs once the latter are deployed, including the disruption of the operation of the MFCN UEs as part of the potential mitigation mechanism itself (i.e., the MFCN UEs may not be able to instruct the WAS/RLANs to vacate the channel). 
[bookmark: _Hlk160529930]Finally. while we have presented the potential mitigation mechanism in the context of a single WAS/RLAN technology, the technology neutrality of spectrum regulations in Europe means that any number of different WAS/RLAN technologies could be deployed in the U6 GHz band. This means that the transmitted “channel unavailable” WAS/RLAN signals cannot be technology-specific (i.e., they cannot simply be Wi-Fi signals and would need to be jointly standardised at the relevant WAS/RLAN standards bodies. 





DefinitioN
According to ECC PT1(24)060 Annex 23, this potential mitigation mechanism is described as follows:
 “The use of a smartphone to determine if a 6 GHz MFCN network is active and avoid the channel at this place. A smartphone will always stay on its current connection (like MFCN 6 GHz) and will not switch WAS/RLAN if the connection is available.”   
The above definition is not particularly well-worded. However, the following two provisions also from Annex 23 bring some further clarity:
 “	1. Static approach: Inform all WAS/RLAN AP in close proximity to avoid the channel
 	2. Dynamic approach: Check the usage every X-Minutes”
The potential mitigation mechanism is based on the idea that MFCN UEs could effectively act as geographically distributed sensors for the purpose of reporting on the presence or absence of MFCNs in a given channel in the U6 GHz band, and thereby enabling nearby WAS/RLANs to make use of the said channel.
In what follows, we present an analysis of what the proposed mechanism might look like at a more detailed level. For brevity, we use the term RLAN as shorthand for WAS/RLAN.
An overview
The proposed mitigation mechanism would rely on the ability of RLAN equipment to decode special RLAN signals that would be transmitted by the MFCN UEs to indicate whether or not the channels in the U6 GHz band are available for use by RLANs.
In principle, the mitigation mechanism could be designed in one of two ways: 
1) [bookmark: _Hlk160386197]RLAN equipment would be permitted to transmit in an U6 GHz channel if and only if special “channel available” RLAN signals transmitted by MFCN UEs indicated that the channel is available for RLAN use.
2) RLAN equipment would be permitted to transmit in an U6 GHz channel unless special “channel unavailable” RLAN signals transmitted by MFCN UEs indicated that the channel is unavailable for RLAN use. 
[bookmark: _Hlk159581075]Alternative (1) would imply that RLAN equipment would not be permitted to transmit in the U6 GHz band before MFCNs are deployed, because there would be no MFCN UEs available to provide the required “channel available” signalling in such circumstances. This would have a material impact in terms of the optimum use of the U6 GHz band by delaying the deployment of RLANs.
Accordingly, for the purposes of this paper, we formulate the mitigation mechanism based on alternative (2), which means that the default status would be for RLANs to transmit unless prohibited in circumstances where such transmissions would cause harmful interference to MFCNs.
Given that MFCNs are prioritised, the special RLAN signals transmitted by the MFCN UEs would need to be communicated outside the U6 GHz in order to avoid harmful interference to MFCNs. In this paper we assume that these signals will be communicated in a specific prescribed channel (or channels) in the L6 GHz band (although the 2.4 GHz and 5 GHz bands could also be possible options). 
The proposed mitigation mechanism may be effective if there are very high numbers of U6 GHz MFCN UEs that are widely distributed geographically, so that all deployed U6 GHz RLAN equipment are able to receive and decode the transmitted special “channel unavailable” RLAN signals in the L6 GHz band with a very high probability. That said, transmissions of such RLAN signals from a large number of MFCNS UEs might itself potentially result in congestion in the L6 GHz band, depending on the locations of the UEs. This is a matter for future consideration. 
[bookmark: _Hlk160394148][bookmark: _Hlk160397162][bookmark: _Hlk160394210]However, even with high numbers and wide geographic distribution of U6 GHz MFCN UEs, in practice it is always likely (due to the unpredictable behaviour of radio propagation, including hidden node issues) that some MFCN UEs erroneously fail to transmit “channel unavailable” signals[footnoteRef:1], or that some RLANs would fail to decode the correctly transmitted “channel unavailable” RLAN signals, in both cases resulting in RLAN transmissions and harmful interference to MFCNs. Additionally, even with a high penetration of MFCN UEs capable of operating in the U6 GHz band, there will be many MFCN device types (e.g., IoT devices) with limited capabilities to communicate with RLANs. [1:  An obvious example might be where an MFCN UE is either blocked by an obstacle or is subject to interference from transmitting RLANs and cannot detect the presence of transmissions by MFCN BSs, and subsequently fails to transmit “channel unavailable” RLAN signals, which in turn fail to trigger nearby RLAN equipment from ceasing transmissions.   ] 

For the above reasons, the efficacy of the proposed mitigation mechanism as a standalone means of enabling efficient sharing between MFCNs and RLANs is questionable. 
Finally, we note that the title of the proposed mechanism refers to an outdoor-indoor scenario. In practice, whether an equipment is indoor or outdoor may have little or great impact on radio propagation depending on the nature of the intervening propagation medium. Furthermore, it is not readily possible to establish whether a radio equipment is located outdoors or indoors. And in any case, a mitigation mechanism must operate irrespective of the locations of the radios. For the above reasons, our analysis is agnostic of whether or not the MFCN and RLAN radios are indoors or outdoors.
Procedure for the mitigation mechanism
Here, we specify the steps which might be involved in the mitigation mechanism (see Figure 1):
1) RLANs equipment monitor the L6 GHz band – An RLAN equipment which wishes to use the U6 GHz band would continuously monitor a specific prescribed channel (or channels) in the L6 GHz band for special “channel unavailable” RLAN signals transmitted by nearby MFCN UEs. If the RLAN equipment receives and decodes a “channel unavailable” RLAN signal, it would not be permitted to transmit in the relevant U6 GHz channel for a contiguous time interval T = T1.
2) MFCN UEs transmit special RLAN messages in the L6 GHz channel – If an MFCN UE detects the presence of MFCN BS transmissions in an U6 GHz channel, the UE would be required to transmit specific “channel unavailable” RLAN signals in the L6 GHz band. The MFCN UE would transmit these signals with time periodicity T0, and with power P0, in order to inform nearby RLANs that the said U6 GHz channel is served by MFCNs and is therefore not available for transmissions by RLANs. The MFCN UE would cease such transmissions as soon as it can no longer detect MFCN BS transmissions in the said U6 GHz channel.
3) RLAN equipment cease transmissions in the U6 GHz channel – Upon receiving and decoding the “channel unavailable” RLAN signals transmitted by MFCN UEs in the L6 GHz band, an RLAN equipment would immediately cease any transmissions in the relevant U6 GHz channel.
4) Back to Step (1).

[image: ]
Figure 1: Illustration of the mitigation mechanism.
Analysis
RLAN equipment monitor the L6 GHz band 
RLAN equipment would be required to continuously monitor the L6 GHz band for special “channel unavailable” RLAN signals. This functionality would apply not only to RLAN APs but also to RLAN STAs. The application to RLAN STAs is important. Otherwise, in cases where an RLAN AP is “hidden” from the MFCN UE(s) but not from RLAN STAs, the AP will still transmit and attempt to communicate with the STAs, and the STAs would subsequently interfere with nearby MFCN UEs. In order to avoid such scenarios, it is critical that RLAN STAs are also required to monitor, decode and act upon the special “channel unavailable” signals. 
This means that RLAN equipment wishing to operate in an U6 GHz channel must be able to simultaneously receive and decode special RLAN transmissions in the L6 GHz while transmitting or receiving in the U6 GHz band, with a further requirement that users of such equipment must not be able to disable or tamper with the L6 GHz functionality.
From a purely radio hardware perspective, this step would not place a substantial burden on RLAN equipment, since all RLAN equipment intended for operation in the U6 GHz band will almost certainly also be capable of communications in the L6 GHz band. 
From an operational perspective, this step would require RLAN equipment to simultaneously operate in both the L6 GHz and U6 GHz bands. Similar multi-band capability is already possible through so-called multi-link operation (MLO) in Wi-Fi 7. The continuous decoding of special “channel unavailable” signals would be accompanied by extra power consumption. This would not be an issue for RLAN APs, but could be more problematic for RLAN STAs.
The functionality to detect and decode special “channel unavailable” RLAN signals would need to be standardised by the relevant RLAN standards bodies, such as IEEE. There is always a risk that Wi-Fi equipment deployed with the intention of operating in the U6 GHz band might not support the above functionality, or at least not in a proper way, which would then represent an unsolvable problem when MFCNs are deployed in the band. It is therefore critically important that RLAN APs and STAs should not be deployed in Europe until such time as the functionality is properly standardised and harmonised for compliance testing as a pre-condition for placement on the market.


MFCN UEs transmit special RLAN messages in the L6 GHz channel
U6 GHz MFCN UEs would need to continuously transmit at periodic intervals special “channel unavailable” RLAN signals in the L6 GHz band to inform RLANs with regards to the availability of the U6 GHz channels. 
More specifically, MFCN UEs would not be permitted to operate in the U6 GHz band unless they can simultaneously transmit special “channel unavailable” RLAN signals in the L6 GHz band, with potentially a further requirement that users must not be able to disable or tamper with the L6 GHz functionality.
In principle, the above requirements would apply to all MFCN UEs which are intended to operate in the U6 GHz band. However, a point for future consideration is whether these would apply irrespective of whether the MFCN UE is active in the U6 GHz band or idle.
From a purely hardware bill of materials perspective, this step in the mechanism would not place a substantial burden on MFCN UEs such as smartphones, in the sense that future smartphones are expected to be capable of RLAN communication in the L6 GHz. However, this step would be burdensome on MFCN UEs used for IoT applications which may not include RLAN functionality at all.
Nevertheless, there are RF hardware complexities which must be addressed going forward. As one example, the mitigation mechanism requires that MFCN UEs transmit both RLAN signals and MFCN signals (user and control plane) in the 6 GHz band. These signals would need to be either transmitted simultaneously or non-simultaneously according to some prescribed sequence. In the case of simultaneous transmission, the total power must be divided in some way between the two, impacting coverage and performance for both the MFCN UL and the RLAN signals. If transmitted non-simultaneously, this primarily reduces the performance of MFCNs as less time (energy) would be available for UL MFCN transmissions, for example. The level of degradation would depend on the periodicity of RLAN signal transmissions. It is also worth noting that with time-division-duplex (TDD), an MFCN UE already transmits over (normally) small periods of the TDD frame. For both simultaneous and non-simultaneous transmissions, appropriate RLAN timing and broadcast signals would need to be continuously monitored in the L6 GHz band to allow transmission of RLAN “channel unavailable” signals. This would need to be performed continuously in parallel with the normal operation of MFCN UEs and would therefore represent an additional overhead impacting power consumption and protocol complexity. 
From an operational perspective, the continuous transmission of periodic “channel unavailable” RLAN signals by MFCN UEs would be accompanied by extra power consumption in direct proportion to the repetition rate of the signals. As such, the implementation of such functionality would materially degrade smartphone user experience and might be prohibitive in MFCN UEs used for low-power IoT applications. 
The challenges of power consumption could be addressed by avoiding unnecessary transmissions of “channel unavailable” RLAN signals. This might be, for example, at locations where there are no RLAN equipment active at U6 GHz to vacate the band in the first place. Here, power consumption could be reduced by MFCN UEs only transmitting “channel unavailable” RLAN signals if and only if the UEs detect the presence of RLAN transmissions in the U6 GHz band, with the understanding that continuous reception is less power-hungry than continuous transmission of periodic signals. That said, such approaches are by no means complete solutions, because a) they would only apply in certain circumstances, b) would require simultaneous reception of RLAN signals and transmission/reception of MFCN signals both in the U6 GHz band, and c) they may increase the likelihood of harmful interference, with interfering transmissions from some RLANs not being heard and detected by MFCN UEs.   
Furthermore, the functionality to transmit “channel unavailable” RLAN signals would need to be implemented in all MFCN UE smartphones which are intended to operate in the U6 GHz band in Europe, including those that are placed on the market globally (as they might roam into Europe).
A point for future consideration is whether this functionality would need to be implemented in all devices (MFCN UEs) which are intended to operate in the U6GHz band (not just smartphones) ranging from wearables (e.g., watches, AR/VR headsets), wireless routers (e.g., FWA and MiFi devices), IoT devices (e.g. sensors) and integrated devices such as in machines and cars. The impact of implementing this mechanism in these various device types would need to be carefully assessed in terms of power consumption, hardware complexity, etc. In addition, the operation of the mechanism itself within the different operating environments associated with these device types (e.g. high mobility, high power) would also need to be carefully assessed.
[bookmark: _GoBack]It would be helpful if the “channel unavailable” signals contained information on the availability of all U6 GHz channels licensed to the MNO which serves the MFCN UE. This would increase the number of signalling UEs for each U6 GHz channel and enhance the efficacy of the mitigation mechanism, but might place a greater burden on the UE to monitor the MFCN pilot transmissions in all the channels licensed to the serving MNO.
The special “channel unavailable” RLAN signals would need to be defined through collaboration by the relevant RLAN and MFCN standards bodies, namely IEEE and 3GPP. The repetition period T0 of the signalling should be sufficiently small to maximise the probability of successful detection/decoding by RLAN equipment. As an example, the value of T0 could be set to around 100 ms, which is similar to the 102.4 ms time interval between successive Wi-Fi beacon transmissions. 
It is worth noting that the required level of tight collaboration between RLAN and MFCN standards bodies has been historically very rare, and will be a major challenge, including in the context interoperability testing or the development of future standardisation roadmaps.   
RLAN equipment cease transmissions in the U6 GHz channel 
Prohibition of transmission by an RLAN equipment would be limited to a time interval of T = T1 following the reception and decoding of a special “channel unavailable” RLAN signal. 
[bookmark: _Hlk160534157]A value of T1  T0 would be prudent to mitigate against erroneous non-transmission (by the UEs) or mis-detection/mis-decoding (by the RLANs) of the “channel unavailable” RLAN signals, and hence mitigate against the risk of harmful interference to MFCNs. In practice, the value of T1 could be of the order of several months. This is because the reception of “channel unavailable” RLAN signals would mean that there is MFCN coverage in the area, and this is unlikely to change in the short term, even if there are no MFCN UEs in the proximity of the RLAN equipment to transmit the signal for a substantial amount of time.
The value of T1 could be specified in the “channel unavailable” RLAN signals themselves. 

__________________
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