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Introduction
In previous meetings, RAN4 achieved some progress on NR 8Rx RF requirements. The controversial issues that require further discussion can be found in WF [1]. 
	[bookmark: _Hlk143695763]#1: ΔTRxSRS for 4Tx/8Rx
Further discuss ΔTRxSRS for 4Tx/8Rx in next meeting
· For t4r8, check if 3.0dB for n41/n77/n78 and 4.5dB for n79 is agreeable in next meeting.
· FFS for t4r8-t2r8, t4r8-t1r8, t4r8-t2r8-t1r8
· For t4r8-t2r8, discuss whether the same value with t2r4-t1r4 can be taken (3.0dB for n41/n77/n78/n79 and 4.5dB for n79).
#2: New UE capability for Rx number indication
FFS in next meeting further considering at least the following points:
· the benefit of number of Rx paths indication and how to use this information by NW.
#3: ΔTRxSRS indication from UE to NW
All details FFS in next meeting.
#4: Release independence
FFS whether 8Rx can be release independent from Rel-15 or Rel-16 or Rel-17.


In this contribution, we would like to share our views regarding above remaining issues.
Discussion
On ΔTRxSRS for 4T8R AS-SRS
In previous meeting, sets of values have been proposed. Possibly, RAN4 will apply e.g. mean method in order to get the final requirements by overall consideration with all inputs. Therefore we would like to try to elucidate the rationality behind our proposals, as they ought to come from realistic consideration based on feasible architecture. 
The simplest case would be 4T8R AS-SRS, for which the UE would equip with a number of PAs so the relative IL of each diversity branch can be comparable to the 1T2R AS-SRS case. Thus we propose to reuse the legacy ΔTRxSRS for 1T2R AS-SRS here. But we don’t think any more stringent values can be introduced, unless the legacy requirement is invalid for any UE in the field.          
Proposal 1: For the UE that is only capable of ‘t4r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t1r2’ AS-SRS. No need to consider any more stringent values unless the legacy ΔTRxSRS defined for ‘t1r2’ AS-SRS is invalid for any UE in the field:
· 3dB @ NR band n41/n77/n78, and
· 4.5dB @ NR band n79.
For other cases, RF architecture should be designed in a way to accommodate all indicated AS-SRS patterns. In this sense, the minimum requirement should cover the worst case correspondingly. Specifically, it is reasonable to extend the agreed requirements for ‘t2r8’ to the ‘t4r8-t2r8’ case, note that they have already been compromised during the previous discussion.           
Proposal 2: Extend the ΔTRxSRS defined for ‘t2r8’ AS-SRS to the ‘t4r8-t2r8’ case:  
· 4dB @ NR band n41/n77/n78, and
· 5.5dB @ NR band n79.
Situation can be different for the remaining cases. For better illustration, we provide a possible RF design for supporting ‘t4r8-t2r8-t1r8’ AS-SRS as below. 
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Figure 1. Example of RF design for ‘t4r8-t2r8-t1r8’ AS-SRS capable UE
Under 1t8r configuration, sounding through the branch of Ant. 7 and 8 would require additional RF components including three SPDT and two DPDT and more complex routing pattern. So it is evident that the RF design targets for ‘t4r8-t2r8-t1r8’ and ‘t4r8-t1r8’ would require even more relaxed ΔTRxSRS than what has been agreed for ‘t1r8’. Hence, we have the below proposals.
Proposal 3: For the UE that is capable of ‘t4r8-t2r8-t1r8’ or ‘t4r8-t1r8’ AS-SRS, specify new ΔTRxSRS requirement:
· 6.5dB @ NR band n41/n77/n78, and
· 8dB @ NR band n79.

Release independent for 8Rx 
As what has been included in the Rel-18 FR1 UE RF enhancement work item, the 4Tx is an indispensable component feature which is expected to be ready in conjunction with 8Rx in order to pave the way for FR1 UE evolution. Such close bond motivates RAN4 to specify the requirements for 4T8R AS-SRS as included in the WID scope [2].    
Observation 1: The 4Tx and 8Rx are under unified consideration in Rel-18 FR1 UE RF enhancement work item in the interest of FR1 UE evolution. One evident is RAN4 will study and specify the requirements for 4T8R AS-SRS as included in the WID scope.   
In previous meeting, the following agreement has been achieved for 4Tx as captured in [3].
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Observation 2: The 4Tx was agreed to be release independence since Rel-18. This seems to be based on the industry confidence on supporting this important component feature of Rel-18 FR1 UE RF evolution.
Following this very logic, RAN4 should consider aligned release independent version for 8Rx. But due to urgent demands from operators, we can consider Rel-17 as compromise, which is also the timing when RAN1 introduced xt8r AS-SRS as an essential feature to ensure overall performance for the 8Rx capable UE by efficient measurements.    
Proposal 4: Even though RAN4 should adopt Rel-18 release independent for 8Rx to align with 4Tx, it can be Rel-17 as compromise considering industry confidence and operator demands to get ready for Rel-18 FR1 UR RF evolution. 
 
About UE reporting on actual ΔTRxSRS  
As recorded in RAN1 FL summary [4], whether sophisticated solution e.g. dedicated measurement need to be introduced in order to solve the identified issue has been intensively discussed but unfortunately no conclusion. Considering RAN1 progress, RAN4 is fully capable and responsible to take over the remaining job at least considering simple solution for this release.   
Proposal 5: While RAN1 has no consensus on whether sophisticated solution e.g. dedicated measurement on top of UE reporting should be introduced in order to solve the SRS IL imbalance issue once and for all, RAN4 should take over the remaining discussion and only consider UE reporting for this release.
Clarification on UE/Network behaviour
To our view, UE may or may not have power imbalance compensation although we share the understanding that pursuing best UL performance would hold top priority from UE perspective. However, it is definitely up to UE implementation and there is no necessity to specify any requirements, tests or behaviour accordingly.
Proposal 6: Clarify that UE may or may not have power imbalance compensation, which is up to UE implementation. No need to specify any requirements, tests or behaviour accordingly.   
Similarly, network should be allowed to configure such UE reporting since it has full right to decide whether it needs to receive such information or not. Considering that RAN1 design for SRS power control is per SRS resource set level [5], there is no need to specify any details on how network would utilize that information about SRS IL imbalance across SRS ports.  
Proposal 7: It should be up to network configuration to enable UE reporting on SRS IL imbalance across SRS ports (when the UE indicates as support of it). No need to further specify any details on how specifically the network would utilize such information since RAN1 design for SRS power control is per SRS resource set rather than per SRS resource.
When a UE reports actual ΔTRxSRS by following network configuration, it leaves no ambiguity between the UE and network since network compensation can be expected. Otherwise the UE should not report at all. This logic applies to all other optional reporting features naturally.
Whether or not to consider effect of loss imbalance across Rx paths
During discussion, concern regarding Rx IL imbalance has been raised. It seems that such concern is based on the fact that RF components are normally different between Tx branch and Rx branch, which is also shown by those RF design examples from e.g. [6].
Observation 3: Normally the Rx branch is isolated from Tx branch and they won’t share the same RF components or routing, so different Rx-Rx IL imbalance could be expected from Tx-Tx IL imbalance.
From UE perspective, the Rx-RX IL imbalance may be another non-ideal factor at the first thought based on the fact in the above observation. But unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL link budget for each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection. 
Observation 4: Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL of each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection.
For better illustration, we can take one proposed architecture in [6] e.g., Figure 1 for analysis. It can be calculated that the IL imbalance among Rx branches is about 0.3~0.5dB @3.5GHz which is negligible. Unfortunately, there is no example has been provided for us to better understand if there could be any exceptional but reasonable implementation. Besides, we believe it is rational that per branch REFSENS has never been studied by RAN4.
Observation 5: RAN4 has never discussed about per branch REFSENS since no exceptional but reasonable RF implementation can be provided to prove the necessity of it.
From gNB perspective, the Tx-Tx IL imbalance is one non-ideal factor that should be considered as shown by the below formula.
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In conclusion, we comprehend that Rx-Rx IL imbalance should not be jointly considered with Tx-Tx IL imbalance, in this sense that channel reciprocity is a valid assumption under which the gNB would derive precoder based on the free space channel alone. And UE report on the SRS IL imbalance would mitigate the channel estimation inaccuracy @ gNB side.
Observation 6: The channel reciprocity is a valid assumption under which the gNB would derive precoder based on the free space channel alone. Therefore enabling UE report on the SRS IL imbalance would be beneficial to mitigate the channel estimation inaccuracy @ gNB side.
Proposal 8: No need to consider effect of loss imbalance across Rx paths.
Simple solution for this release
Although static reporting can be considered as it normally requires less information exchange between network and UE, it is noted that the UE could change the mapping between physical antenna port and SRS port mainly caused by human tissue blocking, details of this mechanism, such as switching frequency or trigger events, are transparent to network and up to UE implementation. So dynamic reporting should be considered in addition to static reporting in order to make this feature useful (avoid negative gain).
In general, primary pros and cons for static and dynamic report can be summarized as below, respectively.  
	
	Pros
	Cons

	Static report on SRS IL imbalance
(e.g. report as normal UE capability)
	Less communication
	May introduce negative gain when actual ΔTRxSRS per SRS port/resource would change

	Dynamic report on SRS IL imbalance
(e.g. report when the value is different from previous reporting )
	Up-to-date SRS IL imbalance info
	Relatively more frequent communication with scenario dependency  


Observation 7: While static reporting on SRS IL imbalance requires less communication over-the-air, dynamic reporting can avoid negative gain for those UEs that could change SRS IL imbalance pattern after previous report.    
Fortunately, RAN2 has implemented UAI (UE assistance information) reporting to meet such demand. We excerpt part of the spec from TS 38.331 clause 5.7.4 here for reference.
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…omitting some contents…
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Taking overheating UAI as an example, RAN2 design allows UE to initiate the procedure and report on e.g. reduced MIMO layer capabilities whenever it finds out the overheating condition is met (not include those capabilities when the condition is no longer met). Further, it is essentially up to UE for how to interpret “overheating condition”, which does not violate UE implementation flexibility from our understanding.
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This mechanism can generally match the demand of dynamic SRS IL imbalance report from our understanding.       
Observation 8: RAN2 design for UAI report can meet the demand for dynamic reporting on UE SRS IL imbalance from at least following two aspects:   
· UE can determine whether to report when the condition can be met or no longer met.
· Condition is transparent to the specification hence it is essentially up to UE implementation. 
In conclusion, the characteristics of SRS IL imbalance report can be summarized as below.
Proposal 9: While the signalling design should be up to RAN2, the characteristics of SRS IL imbalance report are:
· The absolute value of reported actual IL imbalance of each SRS resource other than the first one within the SRS resource set configured for antenna switching usage shall not exceed the ΔTRxSRS requirements that defined in TS 38.101-1 for different AS-SRS capabilities accordingly.
· UE can indicate whether it supports static or dynamic reporting, then the network can configure the UE reporting accordingly.
· For static reporting, it means that the UE will not change the indicated actual IL imbalance once it has reported that for configured SRS resource set with antenna switching usage.
· For dynamic reporting, it means that the UE may trigger a reporting once it finds out the actual IL imbalance would be different from previous reporting. Existing RAN2 mechanism on UAI (UE Assistance Information) reporting as defined in TS 38.331 can be considered to comprehend the purpose/motivation.
· This report is considered from Release 18 onwards. 
With the understanding that limited spec impact could be expected from enabling SRS IL imbalance reporting, we prepare a draft LS [7] to RAN2 to convey basic RAN4 demands and leave the signalling design for RAN2 decision.
Proposal 10: Agree on LS R4-2316366 to RAN2 for solving SRS IL report issue.
UE capability for Rx number indication 
It’s understandable that the overall UE baseband capability can be capped by the number of activated Rx chain, which could mean that UE’s indication for other capabilities will be different as the number of Rx changed. But we think current RAN2 signalling design can address the concern since UE is allowed to report multiple sets of FeatureSetDownlinkPerCC for one carrier. Besides, Rx diversity is transparent to the network.
Proposal 11: No need for UE to explicitly indicate Rx number. Since Rx diversity is transparent to the network and RAN2 design allows UE to indicate different values of one capability if that would be related to different Rx number per component carrier (by multiple sets of FeatureSetDownlinkPerCC ).
Conclusion
In this contribution we discussed on the 8Rx RF requirements for FR1 UE, we have the following observations and proposals: 
Observation 1: The 4Tx and 8Rx are under unified consideration in Rel-18 FR1 UE RF enhancement work item in the interest of FR1 UE evolution. One evident is RAN4 will study and specify the requirements for 4T8R AS-SRS as included in the WID scope.
Observation 2: The 4Tx was agreed to be release independence since Rel-18. This seems to be based on the industry confidence on supporting this important component feature of Rel-18 FR1 UE RF evolution.
Observation 3: Normally the Rx branch is isolated from Tx branch and they won’t share the same RF components or routing, so different Rx-Rx IL imbalance could be expected from Tx-Tx IL imbalance.
Observation 4: Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL of each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection.
Observation 5: RAN4 has never discussed about per branch REFSENS since no exceptional but reasonable RF implementation can be provided to prove the necessity of it.
Observation 6: The channel reciprocity is a valid assumption under which the gNB would derive precoder based on the free space channel alone. Therefore enabling UE report on the SRS IL imbalance would be beneficial to mitigate the channel estimation inaccuracy @ gNB side.
Observation 7: While static reporting on SRS IL imbalance requires less communication over-the-air, dynamic reporting can avoid negative gain for those UEs that could change SRS IL imbalance pattern after previous report.
Observation 8: RAN2 design for UAI report can meet the demand for dynamic reporting on UE SRS IL imbalance from at least following two aspects:   
· UE can determine whether to report when the condition can be met or no longer met
· Condition is transparent to the specification hence it is essentially up to UE implementation.


Proposal 1: For the UE that is only capable of ‘t4r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t1r2’ AS-SRS. No need to consider any more stringent values unless the legacy ΔTRxSRS defined for ‘t1r2’ AS-SRS is invalid for any UE in the field:
· 3dB @ NR band n41/n77/n78, and
· 4.5dB @ NR band n79.
Proposal 2: Extend the ΔTRxSRS defined for ‘t2r8’ AS-SRS to the ‘t4r8-t2r8’ case:  
· 4dB @ NR band n41/n77/n78, and
· 5.5dB @ NR band n79.
Proposal 3: For the UE that is capable of ‘t4r8-t2r8-t1r8’ or ‘t4r8-t1r8’ AS-SRS, specify new ΔTRxSRS requirement:
· 6.5dB @ NR band n41/n77/n78, and
· 8dB @ NR band n79.
Proposal 4: Even though RAN4 should adopt Rel-18 release independent for 8Rx to align with 4Tx, it can be Rel-17 as compromise considering industry confidence and operator demands to get ready for Rel-18 FR1 UR RF evolution.
Proposal 5: While RAN1 has no consensus on whether sophisticated solution e.g. dedicated measurement on top of UE reporting should be introduced in order to solve the SRS IL imbalance issue once and for all, RAN4 should take over the remaining discussion and only consider UE reporting for this release.
Proposal 6: Clarify that UE may or may not have power imbalance compensation, which is up to UE implementation. No need to specify any requirements, tests or behaviour accordingly.     
Proposal 7: It should be up to network configuration to enable UE reporting on SRS IL imbalance across SRS ports (when the UE indicates as support of it). No need to further specify any details on how specifically the network would utilize such information since RAN1 design for SRS power control is per SRS resource set rather than per SRS resource.
Proposal 8: No need to consider effect of loss imbalance across Rx paths.
Proposal 9: While the signalling design should be up to RAN2, the characteristics of SRS IL imbalance report are:
· The absolute value of reported actual IL imbalance of each SRS resource other than the first one within the SRS resource set configured for antenna switching usage shall not exceed the ΔTRxSRS requirements that defined in TS 38.101-1 for different AS-SRS capabilities accordingly.
· UE can indicate whether it supports static or dynamic reporting, then the network can configure the UE reporting accordingly.
· For static reporting, it means that the UE will not change the indicated actual IL imbalance once it has reported that for configured SRS resource set with antenna switching usage.
· For dynamic reporting, it means that the UE may trigger a reporting once it finds out the actual IL imbalance would be different from previous reporting. Existing RAN2 mechanism on UAI (UE Assistance Information) reporting as defined in TS 38.331 can be considered to comprehend the purpose/motivation.
· This report is considered from Release 18 onwards. 
Proposal 10: Agree on LS R4-2316366 to RAN2 for solving SRS IL report issue.
Proposal 11: No need for UE to explicitly indicate Rx number. Since Rx diversity is transparent to the network and RAN2 design allows UE to indicate different values of one capability if that would be related to different Rx number per component carrier (by multiple sets of FeatureSetDownlinkPerCC ).

References
[1] R4-2314695, “WF on support of 8Rx UE RF”, NTT DOCOMO, 3GPP TSG-RAN WG4 Meeting #108, Toulouse, France, August 21 – 25, 2023.
[2] RP-231490, “Revised WID on Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1)”, Huawei, HiSilicon, NTT DOCOMO, 3GPP TSG-RAN Meeting #100, Taipei, June 15 – 16, 2023.
[3] R4-2314701, “WF on 4Tx UE RF requirements”, vivo, 3GPP TSG-RAN WG4 Meeting #108, Toulouse, France, August 21 – 25, 2023. 
[4] R1-2308458, “FL summary on UE SRS IL imbalance issue”, Huawei, 3GPP TSG-RAN WG1 Meeting #114, Toulouse, France, August 21 – 25, 2023. 
[5] TS 38.213 clause 7.3.
[6] R4-2216437, “R18 Discussion on 8Rx FWA”, OPPO, 3GPP TSG-RAN WG4 Meeting #104bis-e, Electronic Meeting, October 10 – 19, 2022.
[7] [bookmark: _GoBack]R4-2316366, “LS on the UE SRS IL imbalance issue”, Huawei, HiSilicon, 3GPP TSG-RAN WG4 Meeting #108bis, Xiamen, China, October 09 – 13, 2023. 
3GPP
image3.png
y =Ael® « Hx +n
v N

Tx-Tx imbalance Sounding channel




image4.png
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Figure 5.7.4.1-1: UE Assistance Information

The purpose of this procedure is for the UE to inform the network of:
- its delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or;
- its overheating assistance information, or;

- its IDC assistance information, or;
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5742 Initiation

A UE capable of providing delay budget report in RRC_CONNECTED may initiate the procedure in several cases,
including upon being configured to provide delay budget report and upon change of delay budget preference.

A UE capable of providing overheating assistance information in RRC_CONNECTED may initiate the procedure if it
was configured to do so, upon detecting internal overheating, or upon detecting that it is no longer experiencing an
overheating condition.
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Upon initiating the procedure, the UE shall:

1> if configured to provide delay budget report:

2> if the UE did not transmit a UEAssistancelnformation message with delayBudgetReport since it was

configured to provide delay budget report; or

if the current delay budget is different from the one indicated in the last transmission of the
UEAssistancelnformation message including delayBudgetReport and timer T342 is not running:

3> start or restart timer T342 with the timer value set to the delayBudgetReportingProhibitTimer;

3> initiate transmission of the UEAssistancelnformation message in accordance with 5.7.4.3 to provide a
delay budget report;

1> if configured to provide overheating assistance information:

if the overheating condition has been detected and T345 is not running; or

if the current overheating assistance information s different from the one indicated in the last transmission of
the UEAssistancelnformation message including overheatingAssistance and timer T345 is not running:

3> start timer T345 with the timer value set to the overheatingIndicationProhibitTimer;

3> initiate transmission of the UEAssistancelnformation message in accordance with 5.7.4.3 to provide
overheating assistance information;
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