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1 Introduction
In WF [1], there are open issues for FR2 Redcap and no decision on the RF architecture.  One of the open issues is the single polarization antenna receiving and also is related to the single Rx branch for REFSENS requirement.
Issue 4-4-2: UE architecture associated general views on RedCap FR2 UE 

From 1st round discussion, Most company are ok with option 1, 2 and 3. This would mean that basically the TX performance would be allowed to be changed compared with the current FR2 NR UE specification.
Tentative agreements:
1. FFS on Allowing the single polarization in FR2 RedCap UE

Issue 4-8: 1 RX branch REFSENS  

From GTW session, seems companies are not sure about the reducing RX branching meaning and how to map to the polarization. More discussion is needed for 2nd round.

· Proposals: 
· Option 1: specify 1 Rx branch for RedCap UEs in FR2. [Nokia, Ericsson, Huawei, xiaomi]

· Option 2: REFSENS requirements for RedCap UEs are specified based on the RF architecture and other assumptions for the RedCap UE power classes.[Nokia]

· Option 3: TBA

· Recommended WF
· TBA

In this paper, we present our view on the single polarization receiving performance.
2 Discussion
In current TS 38.101-2, the default FR2 UE is equipped with dual-polarization antenna. The diversity is provided with dual-polarization antenna.
7.2
Diversity characteristics

The minimum requirements on effective isotropic sensitivity (EIS) apply to two measurements, corresponding to DL signals in orthogonal polarizations.

During the RAN4#101e, it is proposed that single polarization could be assumed by FR2 RedCap UE to further reduce the cost, but there are concerns on the receiver performance due to the potential polarization mismatch between BS and UE. To understand the polarization mismatch performance, it is investigated with the simulation in this paper and the polarization mismatch is measured in Poincare sphere with different polarization combination between BS and UE and CDF curve is generated to evaluate the performance.
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Figure 1:Model of the polarization propagation considering the channel 

Figure 1 illustrates the model used in simulation. The BS is equipped with a dual polarized antenna such that the emitted field can be assigned different polarizations. This field is fed to the channel which is modelled according to fig 1 where the   polarization component 𝐸_Θ  (vertical) and 𝐸_Φ (horizontal) fade independently and so do the cross-polarization paths as well.  The UE is assumed to have a single polarized antenna with polarizations according to Table 1. The impinging field at the UE is projected onto the antenna polarization in order to get the received signal strength. For a free space channel, the emitted and received fields would have the same polarization but for a rich scattering environment a channel according to Figure 1is applicable. The x-pol number is referenced to TR 38.901 for CDL channel and Umi-street and Uma model.
Table 1: Simulation parameter

	Polarization for the emitted field at the BS
	+45̊; -45̊ ;  Horizontal; Vertical; Left Hand Circular; Right Hand Circular

	UE antenna polarization
	+45̊; -45̊ ;  Horizontal; Vertical; Left Hand Circular; Right Hand Circular

	Cross polarization average leakage power ratio (x-pol)
	-5 dB, -10 dB


Figure 2 illustrates the statistical view of the polarization mismatch between the incoming field at the UE and the UE antenna. The legend in Figure 2 and Figure 3 is the BS emitted electrical field polarization and the UE polarization is stated in the title of each sub-plot. In most of polarization combination cases, the polarization mismatch performance is similar except for the case of BS Horizontal/Vertical and UE Vertical /Horizontal. When BS and UE have the same polarization, either Horizontal or Vertical at both ends, the mismatch is smallest. When BS and UE have  different polarization, Horizontal and Vertical combination, the mismatch is biggest. The mismatch at the 20 percentile level is around 8 dB. Figure 3 shows similar trend with cross polarization leakage ratio of -10 dB and the difference in performance between mismatched polarizations, VP/HP or HP/VP, and matched polarizations, VP/VP or HP/HP becomes bigger..
Observation 1 Polarization mismatch is worst between Horizontal BS polarization and Vertical UE polarization or between Vertical BS polarization and Horizontal UE polarization and amount for 20 percentile is around -12 dB in Figure 2
Observation 2 Polarization mismatch is minimal between Horizontal BS polarization and Horizontal UE polarization or between Vertical BS polarization and Vertical UE polarization and amount is around -4 dB at 20%-tile in Figure 2.
Observation 3 For other polarization combinations, the polarization mismatch curves are overlapping and gives similar performance in Figure 2
There are some measurements of the received signal power for different polarization configuration combinations between transmitter and receiver in 26GHz. Paper [2] observes around 5 dB ~ 10 dB power lower for VP/HP and HP/VP channel compared to VP/VP or HP/HP.  The similar difference of 8 dB is observed at 20%-tile at Figure 2. It also observed that the mismatch difference becomes smaller when there is strong coupling between VP and HP (e.g. a bend in corridor environment causes the significant cross coupling increase and thus only 3 dB lower compared with VP/VP channel [2]). 

From the above discussion, it can be observed that if electrical field emitted from BS antenna has either Horizontal polarization or vertical polarization, there may be some worse polarization mismatch and thus to ensure a better performance from the polarization mismatch perspective, the BS shall be capable of transmitting other than vertical and/or horizontal polarization and BS could equip orthogonal polarization antenna to realise this. In this way, the worst polarization mismatch will not happen for single polarization UE antenna. 
Proposal-1: The orthogonal polarization antenna should be equipped at BS in FR2 when UE equipped with single polarization antenna.
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Figure 2: Polarization mismatch with x-pol = -5 dB, for different polarization configuration combination between BS antenna and UE antenna
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Figure 3 Polarization mismatch with Xpol = -10 dB, for different polarization configuration combination between BS antenna and UE antenna

3 Conclusions

In this contribution, the polarization mismatch is investigated with different antenna configuration combination between BS and UE with below observations and proposal:
Observation 1 Polarization mismatch is worst between Horizontal BS polarization and Vertical UE polarization or between Vertical BS polarization and Horizontal UE polarization and amount for 20 percentile is around -12 dB in Figure 2
Observation 2 Polarization mismatch is minimal between Horizontal BS polarization and Horizontal UE polarization or between Vertical BS polarization and Vertical UE polarization and amount is around -4 dB at 20%-tile in Figure 2.
Observation 3 For other polarization combinations, the polarization mismatch curves are overlapping and gives similar performance in Figure 2
Proposal-1:

 REF _Ref92736122 \h 
The orthogonal polarization antenna should be equipped at BS in FR2 when UE equipped with single polarization antenna.
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