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1. Introduction
In [1], a new method for calculating the received signal when gain imbalance between V-pol and H-pol is agreed. The DL polarization part in TR 38.751 need to be updated accordingly.
2. Text Proposal 
[bookmark: _Toc144300318]6.3.6	DL polarization combination
There are four different DL polarization combinations, i.e., (TRP1q, TRP2q), (TRP1f, TRP2q), (TRP1q, TRP2f) or (TRP1f, TRP2f). It is known that the UE performance can differ if the same polarization or orthogonal polarization is adopted by the two probes in testing. With the same polarization, a higher correlation between the two DL data streams can be expected, especially when the AoA offset is small, representing the worst-case performance.

In deciding which combination to use for verification, there are two main considerations. First, the requirements should be derived based on the worst-case polarization match at the UE, and should apply for any combination of DL polarizations from each TRP. Second, there is a need to minimize the testing overhead while ensuring good testing coverage.

In the two-AoA simulations, the worst-case polarization match between the 2 TRPs is assumed. In other words, the transmitted signal from one TRP is considered interference without any polarization isolation at the UE when decoding the transmitted signal from the other TRP. 

It was also pointed out that the radiation pattern of V-pol and H-pol of an antenna module is not exactly same, and when metal blockage exist, the difference may be amplified due to the reflection as shown in the Figure below. In practical UE design, to avoid severe blockage, the metal frame near the antenna module can be removed and replaced by other materials, but the V/H element may still suffer from different loss, which still lead to difference between V-pol and H-pol.
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Figure 6.3.6-1 The radiation pattern of a pair of V/H element in 1x4 antenna module
When the difference exists and the  is chosen as fixed DL power, the performance for  and  under same offset can be different as shown in Figure 6.3.6-2.
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Figure 6.3.6-2 Simulation results for different polarization pair
If the gain difference exists between V-pol and H-pol, for each receiver branch, the projection from  and  should be calculated, and the following procedure to calculate received signal can be used:

Step-1: Extract the antenna gain in θ direction and φ direction in module reference system when only V-elements are activated, i.e., GV,M (M, M) and GV,M (M, M)

Step-2: Extract the antenna gain in θ direction and φ direction in module reference system when only H-elements are activated, i.e., GH,M (M, M) and GH,M (M, M)




Figure 6.3.6-2 illustration of antenna gain in θ direction and φ direction
Step-3: For the DL signal from each TRP in the TE coordinate system, transform the TRP location into the module reference system, e.g., for antenna module#1, AoA1(1, 1)AoA1(1M#1, 1M#1), AoA2(2, 2)  AoA1(2M#1, 2M#1) and for antenna module#2, AoA1(1, 1) AoA1(1M#2, 1M#2), AoA2(2, 2)  AoA1(2M#2, 2M#2)




Figure 6.3.6-3 illustration of coordinate system transformation
Step-4: The received signal for each antenna module (after MRC of rank1 DL) can be calculated when DL signal polarization is (θ,θ), e.g., the received signal from AoA1 by antenna module#1 is:

The received signal from AoA1 by antenna module#2 is:


Step-5: The received signal for each antenna module (after MRC of rank1 DL) can be calculated when DL signal polarization is (φ, φ), e.g., the received signal from AoA1 by antenna module#1 is:

The received signal from AoA1 by antenna module#2 is:


The whole formula is shown in Table below:

Table 6.3.6-1 The formula for received signal 
	 DL
	Module #1
	Module #2

	Signal level(*)
	
	

	TRP1 location transformed to module reference system
	

	


	TRP 2 location transformed to module reference system
	
	



	 DL
	Module #1
	Module #2

	Signal level(*)
	
	

	TRP1 location transformed to module reference system
	

	


	TRP 2 location transformed to module reference system
	
	



(*For simplicity, the DL signal in formula is normalized to 1)

To further investigate how the gain imbalance will impact on the UE performance under the method above, Figure 6.3.6-5 show the overall probability performance gap between  DL and  DL, and three implementations are considered: Implementation#1 is 2 panels in the same side, Implementation#1 is 2 panels in the adjacent side, Implementation#3 is 2 panels in the opposite side. The X dB additional gain difference is added to V pattern and H pattern separately, 1.e., +X/2 dB to V pattern and -X/2 dB to H pattern. Both the results of OR combing and arithmetic mean are provided.
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Figure 6.3.6-5 Performance gap between  DL and  DL
The results show that when gain difference increase, the performance gap is not always enlarged since the gain difference will affect the received signal in both V branch and H branch and how the performance gap changes depending on panels location, AoA offset, etc. To reduce the impact of this performance gap between different polarization of DL polarization, one possible way is to construct final results by averaging the performance between  DL and  DL. Figure 6.3.6-6 shows that how the gain difference impact on the results after average.
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Figure 6.3.6-4 Overall probability under different gain imbalance after average

Compared to the performance gap between different DL polarizations, the performance change under different additional gain difference is smaller after average. We can also find that there is no conclusive relationship between gain imbalance and UE performance.

In the end, the UE RF requirement is defined as the average (arithmetic mean) of the metric values for two DL polarization test conditions: the first condition is when the DL polarizations at both TRPs are ‘’ and the second condition is when they are ‘’.

Where ‘N%(.,.)’ is the metric value for the requirement for the DL pols specified in the subscripts.
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