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1. INTRODUCTION
During the RAN1 #112b-e, RAN1 began the discussion on the proposed TEI topics [1]. Among the proposed topics, the topic of SRS imbalance was also deliberated, however it deemed that more discussion on the topic is needed. 
In this contribution, we provide our perspective on this topic, and share our evaluation results related to the impact of SRS imbalance on DL CSI estimation.

2. UE SOUNDING PROCEDURE ENHANCEMENT
SRS is primarily used for uplink channel measurements. However, SRS transmission may also be used to assist downlink CSI estimation for partially or fully reciprocal channels. SRS antenna switching is devised to provide an accurate downlink CSI estimation when the number of RX chains is larger than TX chains.  Given the increasing reception capability of UEs by adopting more antennas, in NR Rel-17, some additional xTyR configurations for SRS antenna switching were added, namely, 1T6R, 1T8R, 2T6R, 2T8R, 4T8R.
To account for potential SRS IL imbalance, for 4RX UEs, a relaxation ∆TRxSRS parameter for is considered in PCMAX_L, f, c. However, given the implementation issues for >4RX UEs, RAN4 is debating whether a same or larger value for ∆TRxSRS should be considered for 8RX, or the problem should be addressed in a different manner.

	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)  UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2' or 't1r1-t1r2' 
b)  UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4' or 't1r1-t1r2-t1r4' or, 't1r1-t1r2-t2r2-t1r4-t2r4' 
c)  UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4-t2r4', or 't1r1-t1r2-t2r2-t2r4' or 't1r1-t1r2-t2r2-t1r4-t2r4', or
d)  UE transmits SRS to a DL-only carrier
The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 or power class 5 or power class 1.5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16..  
The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
For other SRS transmissions ∆TRxSRS is zero;





In RAN4#106-e meeting, RAN4 has sent the following LS (R4-2303519) to RAN1 to inquire RAN1’s opinion about potential remedies that can be considered for this issue,

	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.



According to the LS, three main options may be considered to address the issue related to the power imbalance that can be summarized as follows,
· Direct reporting of the IL imbalance per SRS resource to gNB for correction of the estimated DL CSI
· In-direct reporting of the IL imbalance to gNB through per SRS resource PHR report,
· In-direct reporting of the IL imbalance to gNB through combine DL and UL measurements 

Since the most critical use of SRS is to have an estimate of the downlink CSI through an uplink measurement, a power-balanced transmission of SRS plays a key role in integrity of uplink transmission, as any inaccuracy in uplink channel estimation can directly impact the estimated CSI for downlink. Therefore, it is important to discuss how such imbalances can be indicated and their impact on system performance be mitigated. Based on the RAN4 and RAN1 discussion, FL provided the following offline proposal for discussion and consideration,
 
	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




[bookmark: _Hlk78469922]In some xTyR UE architecture, the antenna switching network in a UE may not be balanced and may result in having a different power for transmitted SRS resources. For example, SRS resources transmitted by certain antenna ports may incur some additional loss and be lower by m dB than their set nominal power. Therefore, channel sounding based on SRS resources transmitted from those antenna ports may be at a lower power than other ports; resulting in a potential distortion on the estimated downlink channel by gNB.

Based on our evaluation results presented in Section 2.1, power imbalance in SRS antenna switching can easily distort and impact accuracy of DL CSI. However, its impact depends on the amount of offset power between the SRS ports. Now that RAN4, due to implementation issues, is considering a larger ∆TRxSRS for 8Rx, the impact on DL CSI should be considered. RAN1 briefly discussed this issue as part of SRS enhancements in Rel-17, however at the time, it did not take up this issue as it was not part of the WID. 

[bookmark: _Hlk134612267]It is important to point out that this issue is mainly an RX chain imbalance issue, and reporting of TX imbalance would not help. For example, in 1T8R UE, in most UEs if not all, RX antennas are connected in a similar fashion, i.e., through a same number of switches/combiners/splitters, etc., to their corresponding RX RF chains. However, that is not the case on the TX side, as the TX RF chains may need to have a non-uniform design, i.e., different number of switches/combiners/splitters, etc.; hence, resulting in different level of insertion loss.
[bookmark: _Hlk61432618]
Observation 1: Power imbalance is not mainly an RX chain imbalance issue. For xTyR antenna switching, TX RF chains often have different number of switches/combiners/splitters, etc.; hence different level of insertion loss is expected per SRS resource.

Proposal 1: Support direct or an indirect reporting of SRS power imbalance.

[bookmark: _Hlk134612578]In principle, SRS IL imbalance is a pseudo-static impairment of a UE, however since SRS resource to antenna port mapping is not fixed and can vary according to SRS configuration, it cannot be reported only through UE capability, and a dynamic reporting is needed. However, what needs to be reported by a UE is whether it is impacted by IL imbalance or not. Then for a given SRS configuration, the imbalance reporting per SRS resource can be done dynamically.

Observation 2: SRS IL imbalance cannot be represented as a static impairment of a UE, since SRS resource to antenna port mapping is not fixed and can vary according to SRS configuration.

Proposal 2: Support report of SRS power imbalance per SRS resource.

[bookmark: _Hlk46150012]In our view, in light of RAN4 LS, the FL Proposal in the last meeting is a good start for the discussion on this topic and can be used to define the general framework for further work on this topic.

Observation 3: The offline FL Proposal 1, from the last meeting, correctly captures the main aspects related to this work.

Proposal 3: Support offline FL proposal 1 from the last meeting.


2.1. EVALUATION 
[bookmark: _Hlk61457806][bookmark: _Hlk61458002]Here we share our evaluation result on the impact of such amplitude imbalances on DL CSI. An important application of SRS is to have an estimate of the downlink CSI through an uplink measurement. Having a balanced power across the SRS resources plays a key role in integrity of uplink transmission, as any inaccuracy in uplink channel estimation can directly impact the estimated CSI for downlink. Therefore, it is important to discuss how UE potential power imbalance across SRS ports should be considered during SRS antenna switching.
In brief, the problem is that for DL CSI estimation through SRS transmission, we consider reciprocity of the wireless channel. In other words, we assume that the transposed of the UL channel measured based on transmitted SRS represents a good estimate of the DL channel, and hence it can be used for determination of DL CSI and DL precoder. However, when UE experiences a power imbalance across the SRS ports, the reciprocity assumption cannot hold true. This is because the amplitude imbalance of TX chain makes the channel measured by SRS transmission different from the actual DL channel. 
Let’s assume that the estimated UL channel from SRS transmission is  where  is a diagonal matrix representing the amplitude distortion imposed by TX RF chain of a UE. Then, the DL channel is estimated as the transpose of  that is = which is different from the actual . In a more practical terms, as a result of impairment, we would be designing the precoder assuming that the DL channel is  while the actual channel is . Therefore, there will be a mismatch between the precoder designed based on the measured channel by SRS and the actual channel that results in some degradation in the performance.
In our evaluations, we compare different power imbalance cases in 4T8R to the ideal case of no impairments. For each case, the estimated throughput is measured assuming SVD precoding. For example, [0 0 0 0 p1 p2 p3 p4] means that the UE has 8R antennas, and 4T antennas per group where the antennas in the first group have 0 dB power imbalance with respect to the ideal case. The antennas in the second group have p1, p2, p3, p4 dB power imbalance with respect to the ideal case, and therefore are imbalanced with respect to the first group.  Figure 1 shows that even a slight power imbalance of 0.5 dB can degrade the throughput performance due to the precoding calculation errors. The throughput performance further degrades significantly as the power imbalance increases. Therefore, in our view, the UE should report its estimated power imbalance to assist the gNB so that it can correct its effect when determining the precoder. 
[image: ]
[bookmark: _Ref134706184]Figure 1 CDF of user throughput with different power imbalance cases


3. CONCLUSIONS
In this contribution, enhancements for aperiodic SRS transmission and antenna switching were discussed. Based on the presented discussion, following observations and proposals are made,

Observation 1: Power imbalance is not mainly an RX chain imbalance issue. For xTyR antenna switching, TX RF chains often have different number of switches/combiners/splitters, etc.; hence different level of insertion loss is expected per SRS resource.

Observation 2: SRS IL imbalance cannot be represented as a static impairment of a UE, since SRS resource to antenna port mapping is not fixed and can vary according to SRS configuration.

Observation 3: The offline FL Proposal 1, from the last meeting, correctly captures the main aspects related to this work.

Proposal 1: Support direct or an indirect reporting of SRS power imbalance.

Proposal 2: Support report of SRS power imbalance per SRS resource.

Proposal 3: Support offline FL proposal 1 from the last meeting.
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5. APPENDIX

5.1. EVALUATION PARAMETERS
	

	Parameters
	Values

	Scenario
	UMa

	Number of sites
	7

	ISD
	200 meters

	Number of UEs per cell
	30

	BS downtilt
	104 degrees

	Number of RBs
	1

	Number of RX antennas
	4

	Carrier frequency
	4.0 GHz

	SRS configuration
	4T8R

	Impairment model
	See 38.101 Section 6.4D.4

	Precoding
	SVD

	Layers
	4

	Metric
	CDF of User Throughput



5.2. REQUIREMENTS FOR COHERENT UL MIMO [2]

	
[bookmark: _Toc21340898][bookmark: _Toc29805345][bookmark: _Toc36456554][bookmark: _Toc36469652][bookmark: _Toc37254061][bookmark: _Toc37322918][bookmark: _Toc37324324][bookmark: _Toc45889847][bookmark: _Toc52196508][bookmark: _Toc52197488][bookmark: _Toc53173211][bookmark: _Toc53173580][bookmark: _Toc61118846][bookmark: _Toc61119228][bookmark: _Toc61119609][bookmark: _Hlk528918230][bookmark: _Hlk68188083]6.4D.4    Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different physical antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each physical antenna port is larger than 0 dBm for SRS transmission and for the duration of time window. The requirement is verified with the test metric of EIRP (Link=TX Beam peak direction, Meas=Link angle).

Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements apply when all of the following conditions are met within the specified time window:
-     UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-     UE remains in DRX active time (UE does not enter DRX OFF time)
-     No measurement gap occurs
-     No instance of SRS transmission with the usage antenna switching occurs
-     Active BWP remains the same
-     EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))
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4T8R no impairments

4T8R [0 0 0 0 0.5 0.5 1 1] dB power impairment

4T8R [0 0 0 0 0.5 0.5 0.5 0.5] dB power impairment

4T8R [0  0  0  0  1  1  1  1] dB power impairment

4T8R [0  0  0  0  2  2  2  2] dB power impairment

4T8R [0  0  0  0  4  4  4  4] dB power impairment

4T8R [0  0  0  0  8  8  8  8] dB power impairment


