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1 Introduction
RAN4 sent LS R4-2303519 [1] to RAN1 to discuss an issue on the UE SRS IL (insertion loss) imbalance. It was discussed in RAN1#112b-e, but no consensus was reached. In this contribution, we provide our analysis on this issue.
2 Discussion
From RAN1 perspective, it is expected to remain the same transmit power to transmit SRS resources in SRS resource set(s) with usage of antenna switching in order to guarantee the performance of CSI acquisition, as specified in TS 38.214 below. 
	[bookmark: _Toc11352159][bookmark: _Toc122105191][bookmark: _Toc36645585][bookmark: _Toc29674355][bookmark: _Toc45810634][bookmark: _Toc27299947][bookmark: _Toc29673362][bookmark: _Toc29673221][bookmark: _Toc20318049]6.2.1.2	UE sounding procedure for DL CSI acquisition
...
...The UE shall expect that the two or four sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. 
...


However, RAN4 identified an issue that insertion loss (IL) for the diversity branch might be different from the main branch, and the IL imbalances across branches are called SRS IL imbalance. 
Observation 1: For SRS transmission (e.g., for antenna switching), Tx power(s) for different SRS ports/resources (corresponding to different UE antenna ports) may be different due to SRS IL imbalance, which may introduce serious error(s) of channel-reciprocity based CSI acquisition. 

RAN4 solution: to allow the existing SRS IL imbalance
RAN4 has defined a relaxation for 4Rx as a non-ideal factor in PCMAX_L, f, c, so that the transmission power of any SRS resource from diversity branch would be allowed for a certain reduction. Additionally, such relaxation could be larger in order to deal with 8Rx RF architecture that would increase more implementation complexity, but the discussion on the value is still ongoing. 
The following definition is excerpted from TS 38.101-1, according to the LS R4-2303519.
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Further issue: how to address such IL imbalance issue
[bookmark: _GoBack]Considering that such imperfection could lead to inaccurate channel estimation at receiver, which could lead to incorrect PMI selection that would degrade overall system performance, RAN4 think it is necessary to address such IL imbalance issue. Consequently, RAN4 would like to ask RAN1 to evaluate possible solution for it. Based on the LS from RAN4, we have the following analysis on candidate solutions.

Possible solutions proposed by RAN4:
For RAN1 information, some possible resolutions to mitigate the impact of the SRS IL imbalance are provided as below based on the current discussion in RAN4. RAN4 respectfully ask RAN1 to consider above issue with, but not limited to the three resolutions listed as below for their future study.
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.
Besides, whether the reporting is static and/or dynamic is up to RAN1 decision, however, it is recognized in RAN4 that UE may change the physical Tx antenna mapping of each antenna port in some conditions for example due to hand blocking issue.

Analysis: 
The above solutions are analyzed as below. 
· Alt 1: UE report on the actual IL imbalance for each diversity branch used for SRS is introduced, so that 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.
· In such scheme, if the report is a static one, it can be realized as a UE capability report, and this may have no big spec impact. However, RAN4 recognized that UE may change the physical Tx antenna mapping of each antenna port in some conditions for example due to hand blocking issue, so it is hard to only support static one. If the report is a dynamic one, it may need a new procedure/framework to support the new report, and then the details on report format, report content (e.g., UCI or MAC-CE), and UE/gNB-initiated procedure should be studied in RAN1.  
· Alt 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).
· Since SRS IL imbalance introduced by RAN 4 works very similar to the enhancement for MPR in FR2, in which additional indication of reduction of Pcmax due to MPE is introduced in PHR report. Therefore, the similar procedure as MPE related PHR procedure may be introduced for handling this IL issue of SRS. The details can be further discussed, such as whether utilize Pcmax, or as a new reduction value, in PHR type 3 or a new type of PHR MAC CE. 
· Alt 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.
· This Alt 3 is more complicated than Alt 1. The new report procedure/framework in Alt1 is also needed in addition to the measurement procedure in Alt3. But instead of reporting of IL related parameter, the real difference between DL Rx port and UL Tx port in UE may be probed in real time. To be more specific, in order to obtain the measurement/report value for all branches, it may need lots of dedicated DL RS transmission, especially when such measurement is periodic. Due to the additional overhead of DL RS and spec effort for supporting a new report procedure/framework, this Alt 3 should be deprioritized in our initial thought. 
In summary, according to the information provided by the LS [1], we believe that Alt 2 is reasonable and relatively simple, and, in our views, the corresponding scope (e.g., spec support, UE capabilities, etc.) can be completed in Rel-18. However, based on discussion in RAN1#112b-e, some companies argued that it was not a common understanding in RAN4 that this IL imbalance info can be changed dynamically as mentioned by the LS [1], but should be a static information. If RAN4 could confirm this conclusion, it seems that Alt1 with a static UE capability report of actual IL imbalance for each diversity branch used for SRS is the straightforward outcome. 
Proposal 1: Regarding SRS IL imbalance issue raised in RAN4 LS R4-2303519, RAN1 sends reply LS to RAN4 for confirming whether dynamic reporting of IL imbalance is needed.
· If dynamic reporting is confirmed, Alt 2 should be adopted.
· If dynamic reporting is NOT confirmed, Alt1 with a static UE capability report should be adopted. 
If the IL imbalance info is reported by UE, how to use this IL imbalance report is another issue which needs discussion. This is relevant to both UE and gNB behavior/implementation and more related to RAN4. 
· 
Without this report as in legacy scheme, some companies assumed that UE has the ability to conduct self-supplement during SRS transmission, that is aligned with RAN1 assumption that all SRS ports and SRS resources should have same transmit power. That means the imbalance is supplemented in a spec-transparent way. And a relaxation of  in RAN4 has been considered. 
· 
If the IL imbalance is reported, gNB is expected to use this info for channel estimation, then UE should not boost power for the lower power port. Whether a relaxation of  in RAN4 is still needed should also be reconsidered. 
3 Conclusion
Regarding the LS on SRS IL imbalance issue sent by RAN4 to RAN1, we provide our observation and proposal as follows. 
Observation 1: For SRS transmission (e.g., for antenna switching), Tx power(s) for different SRS ports/resources (corresponding to different UE antenna ports) may be different due to SRS IL imbalance, which may introduce serious error(s) of channel-reciprocity based CSI acquisition. 
Proposal 1: Regarding SRS IL imbalance issue raised in RAN4 LS R4-2303519, RAN1 sends reply LS to RAN4 for confirming whether dynamic reporting of IL imbalance is needed.
· If dynamic reporting is confirmed, Alt 2 should be adopted.
· If dynamic reporting is NOT confirmed, Alt1 with a static UE capability report should be adopted. 
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ATesses is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching”
when

) UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch
capability is indicated as 't112' or 't1rl-tlr2’

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-TxSwifch capability is indicated as
'tlr4' or. 'tlr4-t2r4' or 'tirl-t1r2-t1r4' or. 't1rl-t1r2-t2r2-t1r4-t2r4'

¢) 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 ' 2r4' or ' tlr4-
{24, or 'tLr1-t1r2-t212-2r4' Or 'tlrl-tLr2-2r2-tlrd-2r4", or

d) UE transmits SRS to a DL-only carrier

The value of ATgssgs is 4.5dB for bands whose Fur_gs is higher than the Fur,_jow 0f 179 and 3 dB for bands
whose Fur_g is lower than the Fur oy 0f 079 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 APpayerciss = 3 dB. or
when UE indicating &xDiversity-r16-.
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