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	Summary: Proposes a number of modifications/error corrections of current extended Hata implementation in SEAMCAT 


	Proposal: modification of how variation (fading) is added when path loss is calculated and some error corrections of the indoor-indoor propagation model


	Background: The extended Hata propagation model is one of the most used models in Seamcat simulations. Some issues have been identified and for some of the issues are modifications/corrections proposed.



1 Extended Hata model

In Seamcat Wiki help a document exist describing the extended Hata implementation. Table 2 describes used models to calculate the median loss (depending on used distance, environment and frequency) and Table 3 describes variation in path loss.
The generic model is to use free space propagation the first 40 m, Hata for distance longer than 100m and an interpolation between the two models for 40-100m. In a similar way is the standard deviation (for fading) selected, up to 40m a value representative for free space, for distance above 100m a value representative for Hata model (especially urban/suburban environment).
In addition is a requirement that median loss should not be below free space loss.

The Hata model covers a large frequency range, a large range of Tx and Rx heights and 3 different environments. This together with the additional requirement (not to exceed free space loss) will give different cross-over points (the distance when the Hata model calculated path loss is higher than the free space model loss). When using some different parameter settings (all within the allowed range for the model) can this cross-over point be anywhere from 40m up to more than 5km (one example is the most normal situation for a 2GHz mobile network where urban and suburban model has the cross-over at 40m while the rural cross-over happens around 350m).

When adding the variation to the median path loss value it will be very strange to always use the same set of standard deviations (with fixed distances according to table 3) regardless of a scenarios specific conditions. For the above example, in a rural scenario a very high standard deviation will be used for the distance range 40-350m causing a large variation around the median value even though the median value is identical to free space loss.

A simple approach to correct this un-physical behaviour would be to include also an additional requirement for table 3, that as long as the path loss is equal to free space loss should a standard deviation of 3.5 be used. This approach will not remove the issue, for that would also a transfer region (similar to what is used between 40-100m) be required, but it would reduce the effect.

2 Indoor-indoor propagation model

2.1 Identified errors with proposed solutions 
· When separation distance is >50m are the Tx/Rx assumed to be in different buildings and the combined standard deviation is a merge of outdoor-outdoor sigma and double outdoor-indoor sigma. The addition is made with (2*sigma indoor-outdoor)2 instead of 2*( sigma indoor-outdoor)2. I.e. the current implementation adds sigma from 4 walls instead of 2.

· When Tx and Rx are in same building is path loss calculated via free space loss + wall loss + floor loss. The free space loss value is calculated using only the “ground” distance into consideration. Also the height difference will contribute (se free space calculation in table 2 for distance below 40m) and should be included into the model.
· The kf value is calculated as fix(abs(h2-h1)/hfloor). This equation will for some combinations of heights give an incorrect value (example: floor height is 4m, a BS is placed at 3m height (= first floor) and a UE is placed at 5.5m (=second floor), the current equation gives fix(2.5/4)=0 when it should be 1) and we propose to change the equation to abs(fix(h2/hfloor)-fix(h1/hfloor)). The new proposed equation with the example becomes abs(fix(3/4)-fix(5.5/4))=abs(0-1)=1 (expected and correct answer) 
· When distance between 2 devices is shorter than room size will they always be placed in same room ( path loss will be free space loss + fading. Here is the situation similar to the issues in chapter 1, i.e. a large standard deviation will be used with a possibility to give very low path loss values. The same proposal as in chapter 1 applies here use a sigma of 3.5 dB if both devices are in same room.
2.2 identified issues without proposed solutions

· When distance is between 20 and 50 m are the Tx and Rx either placed in same building or in different buildings. When they are in same building (and with a distance between 20-50m) will normally many walls and/or floor exist between them (( add up to a high path loss), when they are in different buildings they seem always to be placed closest to the wall in the direction towards the other party of the link. This can give very large path loss difference when the model switches between the 2 options (same or different buildings). This has to be addressed somehow (that a device also can be placed further inside a building when the devices are in different buildings) in future updates of the model. (The indoor-outdoor model have same limitation always assuming the Tx/Rx close to outdoor-indoor wall)
· When distance between 2 devices is shorter than room size will they always be placed in same room ( in a real situation would this not be true, if one device is place in the middle of the room will in principle distances longer than (room size/2) occur in other rooms or if one device is placed at a wall in the room will at least half of a circle area (with radius equal to room size) occur in a different room.  This would also need to be addressed in a future update (or it will be replaced with a model including defined building borders)
