[bookmark: _Hlk498518780][bookmark: _Hlk525723053]3GPP TSG RAN WG1 #114   														        R1- 2306877
Toulouse, France, 21st– 25th August, 2023

Agenda item:		5
Source:	Nokia, Nokia Shanghai Bell
[bookmark: _Hlk102172697]Title:	Discussion on RAN4 LS on the UE SRS IL imbalance issue  
Document for:		Discussion and Decision
1	Introduction
RAN4 has sent an LS to RAN1 [1], where the following action is requested. 
	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.   
Possible resolution in 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



2	Discussion 
SRS antenna switching is an important feature to acquire DL CSI and beamforming information for TDD especially for most of cells with larger number of antenna ports. But this requires addition switching logic in UE Tx side, and it introduces additional insertion loss (IL) to the diversity branches than the main branch. 
2.1 Discussion on potential solutions 
To solve the problem, RAN4 has defined a relaxation for 4Rx as a non-ideal factor in PCMAX_L, f, c, ∆TRxSRS (3-6dB) is the factor to relaxation. For 8 Rx case, higher IL values were proposed, so it is not efficient to define only power reduction. Also, channel estimation performance is highly important for higher rank transmission. To solve the problem, three options were discussed in RAN4. 
Option1: Indication of actual IL
The expected UE behaviour in terms of power is illustrated in Figure 1. It should be noted that if UE follows no power imbalance approach, gNB shall not use channel estimation error correction with ∆TRxSRS,p until the power at the highest power antenna port reaches maximum power, i.e., Power Class. If the power at the highest power port reaches the maximum, then, ∆TRxSRS,p can be utilized by gNB as error compensation factor. 
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Figure 1: power imbalance when only saturated (UE compensates for power to be lost due to ∆TRxSRS)
In this case, for correct channel estimation, real power imbalance shall be known to gNB, and it is possible to be derived by gNB based on UE PHR procedure. However, the current PHR procedure has ambiguity when maximum SRS transmission power is set differently for different transmission occasion. So, it should be clarified by the specification.  
Observation 1: There is ambiguity for derivation of power imbalance by gNB due to ambiguity for PHR operation with antenna switching.  

In addition, ∆TRxSRS,p is used for determining lower bound of the transmit power, so it is unclear what exact IL is used for UE SRS transmission. Though this is accepted under the tolerance level 2dB, when IL is much larger, the interpretation of IL is still ambiguous. 
Observation 2: Real IL value are not clearly known to gNB because ∆TRxSRS,p is only used for determining lower bound of PCMAX, f, c.  

Proposal 1: Support the indication of actual IL by UE as UE capability and study relative RAN1 specification impact. (e.g. clarification of PHR, Power control etc) 
Option 2: Type 3 PHR
In the current specification, the transmission power per port is the same within the same SRS resource set. Also, power control is handled per SRS resource set level. The Type 3 PHR value is applied all SRS resources in a SRS resource set in an occasion. Hence, with the current specifications, the problem cannot be solved.
To solve the problem, we should introduce new PHR operation reporting PHR per SRS port or SRS resource level. This is discussed for 8Rx case, this increases the UE’s reporting overhead. Since this insertion loss is assumed as constant value, multiple PHR reporting is equivalent to applying different IL values into each reporting, so such high overhead doesn’t make sense. 
Observation 3: Type 3 PHR approach cannot mitigate power imbalance due to ∆TRxSRS because of the restriction that power control is per SRS resource set.

Option 3: Report channel (gNB to UE) measurement by UE
SRS antenna switching is introduced to acquire accurate channel state without abstraction. PMI cannot fully describe the exact channel but delivering limited information only. Though CQI can be measured by the UE, and reported additionally, but main problem of this issue is rather acquiring accurate channel information for DL beamforming than CQI acquisition. Also, CQI is dependent on DL beamforming assumption. 
Thus, this approach doesn’t solve the problem but increase the UE complexity and the reporting overhead by using two operations both in UE and gNB. 
Also, due to the measurement latency between SRS transmission and CSI-RS reception, and reporting latency between SRS transmission time and CSI reporting time, the performance cannot be guaranteed. This can be used for fixed/stable channel environment only. 
Observation 4: Report channel (gNB to UE) measurement by UE cannot solve the IL imbalance problem, but marginal gain for CQI measurement. Though the channel consistency problem for measurement and reporting latency, the application scenario should be limited to fixed stable channel only. 

2.2 Discussion on open issues 
In RAN1 #113, we have discussed on the following questions and proposals[2].
	Based on this, FL summarized three questions as below:
Q1: Should pre-compensation/self-supplement (i.e., UE boost the SRS transmission power on the diversity branch suffering SRS IL imbalance in a spec-transparent manner) be treated as a “mandatory” implementation?
Q2: Is pre-compensation/self-supplement enough for addressing the SRS IL imbalance issue?
Q3: Is it a common understanding that the DL IL imbalance always exists? If so, can DL IL imbalance always counteract the SRS IL imbalance?

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. 




Regarding to the first question (Q1), we believe that UE shall try not to make SRS IL as long as the transmit power limit is not reached. In that sense, we think it is beneficial for gNB to know if UE pre-compensation/self-supplement is applied. However, we don’t think this is enough because it limits the max TX power of the main branch. So, as the answer for Q2, we think additional solution should be considered in addition to the UE implementation-based solution. Considering the answers to Q1 and Q2, we think SRS IL exists according to UE implementation. 
Considering the timeline of Rel-18, we prefer introducing simple option and we can further discuss advanced schemes in Rel-19 as part of SRS enhancement for coverage enhancement. 
3	Summary 
Based on the discussion above, we think option 1 is most promising option over the other options for improving the channel accuracy problem in SRS antenna switching. However, there is still ambiguity on the UE operation. To support the option, the UE operation should be clarified in RAN1. Also, we should study the other aspect regarding to the SRS configuration etc. 
4	Conclusions
In this contribution, we have the following observations and proposals. 

Observation 1: There is ambiguity for derivation of power imbalance by gNB due to ambiguity for PHR operation with antenna switching.  

Observation 2: Real IL value are not clearly known to gNB because ∆TRxSRS,p is only used for determining lower bound of PCMAX, f, c.  

Observation 3: Type 3 PHR approach cannot mitigate power imbalance due to ∆TRxSRS because of the restriction that power control is per SRS resource set.

Observation 4: Report channel (gNB to UE) measurement by UE cannot solve the IL imbalance problem, but marginal gain for CQI measurement. Though the channel consistency problem for measurement and reporting latency, the application scenario should be limited to fixed stable channel only.  

Proposal 1: Support the indication of actual IL by UE as UE capability and study relative RAN1 specification impact. (e.g. clarification of PHR, Power control etc) 
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