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1	Introduction
In [1], RAN4 explained the UE SRS insertion loss (IL) imbalance issue and requested RAN1 to take the 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.

The resolutions mentioned in the above action are as follows:
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 resolutions are, at least, for 8 RX UEs, and possible applicability for 2 RX and 4 RX UEs is FFS. 
The SRS IL imbalance issue was discussed in RAN1#112bis-e and moderator proposed to support such UE reporting of the SRS IL imbalance for, at least, 8 RX UEs:
FL Proposal 1
Support directly/indirectly reporting the SRS IL imbalance to gNB for 8 RX UE as a UE capability.
FFS: Static, semi-persistent or dynamic reporting.
FFS: Reporting method.
FFS: For 2 RX, 4 RX UE.
However, since several companies wanted more time to study the issue, it was decided to continue discussions in RAN1#113. In this contribution, we provide our views on the SRS IL imbalance issue.
[bookmark: _Ref178064866]2	Discussion
For DL channel estimation based on SRS antenna switching, current RAN4 requirements allow large SRS output power differences at different UE antenna ports. The SRS power differences are largely caused by different IL associated with sounding  different UE antennas using  Tx chains by configuring TR antenna switching. Since such antenna switching occur only for UL transmissions (Rx chains does not require antenna switching and, hence, does not experience the same IL), there is a mismatch due to SRS IL imbalance between the reciprocity-based DL channel estimate and true DL channel. 
Next, we evaluate, via non-full-buffer (NFB) system-level simulations (SLS), the impact of such SRS IL imbalances on user throughput. Specifically, we consider a UE with 4 RX chains and 1 TX chain configured with 1T4R antenna switching for which the SRS IL imbalance is 
Without imbalance: [0, 0, 0, 0] dB for SRS port 0—3.
With imbalance: [0, -3, -6, -6] dB for SRS port 0—3. 
In the below simulations, we assume perfect (genie-aided) channel estimation at the gNB. Hence, the case “without imbalance” correspond to the case when gNB can perfectly compensate for SRS IL imbalances (e.g., if UE reports the exact SRS IL imbalance) and the case “with imbalance” correspond to the case when gNB has no knowledge of the SRS IL imbalance and, hence, cannot compensate for it.
The remaining/detailed simulation assumptions are collected in Table 1.
[bookmark: _Ref135042121]Table 1	Simulation assumptions for NFB SLS evaluations.
	Parameter
	Value

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 kHz

	Bandwidth
	40 MHz

	Scenarios
	UMi with 200 m ISD

	Scheduler
	Proportional fair

	Traffic model
	FTP model 1with 500 kB packet size

	Number of BSs
	19 (3 sector/cell)

	Number of UEs
	2000

	Handover margin
	3 dB

	MIMO scheme
	SU-MIMO (up to rank 4 per UE) and MU-MIMO (up to rank 4/8 per UE/gNB)

	Precoding scheme
	SVD and SLNR for SU-MIMO and MU-MIMO, respectively

	Channel estimation
	Genie-aided

	Modulation
	Up to 256 QAM

	BS antenna configuration
	() = (8, 8, 2, 1, 1, 4, 8), [, ] = (0.5, 0.8) λ

	BS antenna radiation pattern
	3GPP 3-sector antenna elements

	BS noise figure
	5 dB

	UE antenna configuration
	 () = (1, 2, 2, 1, 2),  = 0.5 λ


	UE antenna radiation pattern
	Isotropic

	UE distribution
	80% indoor, 20% outdoor

	UE noise figure
	9 dB

	UE speed
	3 km/h

	UE transmit power
	23 dBm

	SRS IL imbalance
	[0, -3, -6, -6] dB for SRS port [0, 1, 2, 3]



In Figure 1, we show the mean and cell-edge user throughput with and without SRS IL imbalance for the case of SU-MIMO. Figure 2, shows the corresponding results for MU-MIMO. 
[image: ][image: ]
[bookmark: _Ref135042399]Figure 1	Mean and cell-edge SU-MIMO user throughput with/without SRS IL imbalance. Here, the round, square, and diamond markers correspond to 20%, 50%, and 70% resource utilization, respectively.
[image: ][image: ]
[bookmark: _Ref135042406]Figure 2	Mean and cell-edge MU-MIMO user throughput with/without SRS IL imbalance. Here, the round, square, and diamond markers correspond to 20%, 50%, and 70% resource utilization, respectively.
We note from the above figures that SRS IL imbalance, without reporting/compensation, results in a non-negligible performance loss for both SU-MIMO and MU-MIMO (the throughput loss is typically more pronounced for MU-MIMO compared to SU-MIMO). This can be understood from Figure 3 and Figure 4 where we show that the average rank (per gNB) for SU-MIMO and MU-MIMO is lower in the presence of non-compensated SRS IL imbalances. Hence, for reciprocity-based DL precoding, SRS IL imbalance results in the measured DL CSI quality being worse than the actual DL CSI quality such that the gNB select a suboptimal precoder and a lower rank, which results in throughput loss.
[bookmark: _Toc135051252]Non-compensated SRS IL imbalance results in non-negligible DL throughput loss.
[image: ]
[bookmark: _Ref135043504]Figure 3	SU-MIMO rank with/without SRS imbalance.
[image: ]
[bookmark: _Ref135043510]Figure 4	MU-MIMO rank with/without SRS imbalance.
As we have observed above, IL imbalances for SRS antenna switching lead to inaccurate CSI for reciprocity-based DL precoding as gNB cannot distinguish between power difference due to channel conditions and power difference due to SRS IL. UE reporting of SRS IL imbalance can mitigate this issue.
If the reporting is static (e.g., UE capability), for the DL CSI to be accurate, UE would be required to maintain the same power offset irrespectively of whether the UE is operating at (or close to) maximum power or not. Furthermore, static reporting would limit how UE maps SRS ports to antenna elements as UE cannot map SRS ports to UE antennas for which the IL is different from the reported power offset without affecting DL CSI quality. If the reporting is dynamic, on the other hand, when UE is not power limited it could directly compensate for power offsets by increasing SRS power for the SRS ports that are affected by SRS IL (and potentially report zero power offset when not power limited), which improves SRS coverage. Furthermore, UE antennas are not necessarily static and can depend on SRS configuration.
Based on the simulation results and discussion above, we propose: 
[bookmark: _Toc135051253]Support dynamic UE reporting of SRS IL imbalance for 8 RX UE.
Furthermore, we don’t think the SRS imbalance issue is limited to 8 Rx UEs (indeed, the above simulation results are for a 4 RX UE). UE that complies with existing RAN4 requirements on relative SRS power offset can still benefit from reporting said relative SRS power offset such that the NW can take it into account when estimating the DL channel:
[bookmark: _Toc135051254]Support UE reporting of SRS IL imbalance also for 2 RX and 4 RX UEs.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	Non-compensated SRS IL imbalance results in non-negligible DL throughput loss.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support dynamic UE reporting of SRS IL imbalance for 8 RX UE.
Proposal 2	Support UE reporting of SRS IL imbalance also for 2 RX and 4 RX UEs.
[bookmark: _In-sequence_SDU_delivery]
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