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Introduction
In RAN4#106-e meeting, LS R4-2303519 [1] was sent to RAN1 with following action:

	ACTION: 
RAN4 respectfully ask RAN1 to consider above issue with, but not limited to the three resolutions listed in the Annex for their future study.   
ANNEX: 
1. Enable UE report on the actual IL imbalance for each diversity branch used for SRS so network can use this information for AS-SRS based channel estimation accuracy improvement where the granularity of such report can be per SRS resource and either static or dynamic.
2. Utilize PCMAX, f, c via PHR type 3, where power imbalances across antenna ports are derived by comparing the maximum configured power of main branch to those of diversity branches, where such report is per transmission occasion per SRS (only a report of a single SRS resource is transmitted per transmission occasion).
3. Define UE measurements of downlink channels which are reported in order to assist the network in determining the difference between the UE insertion losses for two given antenna ports, where the network also does its own measurements of SRS channels.
4. RAN4 does not preclude other options.
The above alternatives are considered from Release 18 onwards and for 8Rx capable UE’s, and possible applicability UE’s supporting 2RX or 4RX is FFS.



In this contribution, we discuss the SRS IL imbalance issue with some evaluation results.
Discussion
1.1. Performance loss due to SRS IL imbalance
In this section, we provide some evaluation results for downlink non-codebook based transmission with/without SRS IL imbalance. The evaluation assumption can be found in appendix with 1T8R. The SRS IL imbalance among the 8 antennae is assumed to be [0, -3, -3, -3, -3, -4, -4, -4] dB. The performance of both low rank (e.g. Rank 1-2 with rank adaptation) and high rank (rank=4) is evaluated. 
[image: ][image: ]
To further evaluate the impact of SRS IL imbalance to downlink transmission with MU-MIMO, SLS simulation result is also provided, with 1-2 layers rank adaptation per UE.  
	DL THP
	cell average (bps/Hz)
 ILI OFF
	cell average (bps/Hz)
 ILI ON
	cell edge (bps/Hz)
 ILI OFF
	cell edge (bps/Hz)
 ILI ON
	Average loss
	Edge loss

	1T8R
	17.87
	17.65
	7.23
	7.08
	-1.2%
	-2.0%



From the results, it can be observed that SRS IL imbalance has no impact to downlink transmission with low rank, and the loss is also negligible with high rank. 
1.2. On potential resolutions
In RAN1#113 meeting, some proposals from FL were discussed without consensus. 
	FL Proposal 1
Support directly/indirectly reporting the SRS IL imbalance to gNB for 8Rx UE as a UE capability.
· FFS: Static, semi-persistent or dynamic reporting
· FFS: Reporting method
· FFS: For 2Rx, 4Rx UE
· FFS: study necessity for clarifying gNB/UE related behavior.



The above proposal is based on the 3 potential resolutions provided by RAN4 for further study. Regarding the proposal and solutions, we have the following observations:
· For resolution 1, we think semi-static reporting cannot work at all. The mapping between physical Tx and antenna port can be changed by UE via implementation, and the IL loss may also vary with the environment (e.g. temperature). For dynamic reporting, UE needs to persistently measure the IL in each antenna port, which would introduce significant UE complexity and power consumption. 
· For resolution 2, the standardization impact is significant considering current PHR reporting is per SRS resource set instead of per resource/port. The performance loss is not worth the effort. Also, the latency of PHR reporting may lead to mismatching with real-time IL loss. 
· For resolution 3, the standardization impact is also great (which is expected to be larger than solution 2) and the corresponding measurement requires additional UE complexity and power consumption. 
· Pre-compensation/self-supplement could be enough for power non-limited UE. However, power limited UEs at cell edge would likely be scheduled with low rank in DL, and SRS IL imbalance would not be an issue for low rank transmission. Then we think implementation-based solution is sufficient to address the issue raised by RAN4.
· The companies’ views on the solutions are very divergent. Agreement on a high-level proposal is helpless considering there would be still much work to do. 
These resolutions/proposals can be considered when the impact of SRS IL imbalance is significant. But based on our evaluation, we haven’t observed the use case by now. 
[bookmark: _GoBack]Proposal: For downlink transmission without PMI feedback, no enhancement is needed to address the SRS IL imbalance issue.
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Appendix
Table 1: Simulation assumption 
	Parameter
	Assumption

	Carrier frequency
	4 GHz

	SCS
	30 kHz

	Channel model
	CDL-C in TR 38.901 with 100ns delay spread 

	UE velocity
	3km/h

	Allocation bandwidth
	20MHz

	BS antenna configuration
	32T: (M, N, P, Mg, Ng, Mp, Np) = (2,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	1T8R: (M, N, P, Mg, Ng, Mp, Np) = (2,2,2,1,1,2,2), (dH,dV) = (0.5, 0.5)λ

	SU-MIMO layers
	Rank=4
Rank=1-2 with adaptation

	Link adaptation
	MCS adaptation

	Precoding
	SVD based precoding with PRG=4

	SRS periodicity
	20ms

	SRS channel estimation
	Realistic channel estimation

	Receiver type
	MMSE

	IL values
	SRS IL = [0, -3, -3, -3, -3, -4, -4, -4] dB
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