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Introduction
In previous meetings, RAN4 achieved significant progress on NR FR1 8Rx RF requirements. Agreements can be found in WF [1]. 
	[bookmark: _Hlk143695763]#1: ΔTRxSRS requirement for 4Tx/8Rx for PC3
<Agreement>
· For bands whose FUL_high is lower than the FUL_low of n79 (dB) 
	4T8R
	3.0dB

	2T8R-4T8R
	4.0dB

	1T8R-4T8R
	5.8dB

	1T8R-2T8R-4T8R
	5.8dB


· For bands whose FUL_high is higher than the FUL_low of n79 (dB)
	4T8R
	4.5dB

	2T8R-4T8R
	5.5dB

	1T8R-4T8R
	7.3dB

	1T8R-2T8R-4T8R
	7.3dB


#2: New UE capability for Rx number indication
<Agreement>
Not introduce new UE capability allowing to indicate the number of RX paths in Rel-18.
#3: Release independence
<Agreement>
8Rx is release independent from Rel-17.
#4: ΔTRxSRS indication from UE to NW
<Agreement>
How to handle this topic in Rel-18
· RAN4 further discuss the solution to mitigate the impact of the SRS IL imbalance
· If RAN1 impact is identified, the feature may be considered in the next release


In this contribution, we would like to share our views regarding ΔTRxSRS indication from UE to NW.
Discussion
About UE reporting on actual ΔTRxSRS  
As agreed in previous RAN4 meeting, RAN4 will strive for enabling UE report on actual ΔTRxSRS in Rel-18 with minimal RAN1 impact. In this regard, we would like to share our understanding and preference for such reporting. 
Clarification on NW/UE behaviour
From network perspective, it should be allowed to configure UE reporting on actual ΔTRxSRS 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 [2], there is no need to specify any details on how network would utilize that information about SRS IL imbalance across SRS resources.
Proposal 1: It should be up to network configuration to enable UE reporting on SRS IL imbalance across SRS resources (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.
From UE perspective, for a UE that is not configured with reporting on actual ΔTRxSRS, our understanding is that any compensation for IL imbalance mitigation is definitely up to UE implementation, which means the UE may or may not have such compensation and it is fully transparent to the network.
Proposal 2: For a UE that is not configured with reporting on actual ΔTRxSRS, whether to compensate for IL imbalance is up to UE implementation and transparent to the network. No need to specify any requirements, tests or behaviour accordingly.
However, UE behaviour should be further clarified when the actual ΔTRxSRS reporting is configured, since the network should know under what circumstances that the reported value from UE can be utilized. One possible solution is to introduce a threshold indicated by UE for this purpose. Related UE behaviour can be captured in RAN4 specification.
Proposal 3: For a UE that is configured with reporting on actual ΔTRxSRS, introduce a threshold indicated by UE: 
· The threshold should be lower than the UE’s operating power class.
· When the transmit power (as defined in TS 38.213 clause 7.3) is not higher than this threshold, UE does not expect network compensation for the actual ΔTRxSRS.
· When the transmit power (as defined in TS 38.213 clause 7.3) is higher than this threshold, UE shall not proceed any compensation for SRS IL imbalance.
Adopt the draft TS 38.101-1 CR in R4-2320077 for capturing the above UE behaviour.    
When a UE reports actual ΔTRxSRS by following network configuration along with the threshold, 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. [3].
Observation 1: 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 2: 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 [3] 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 3: 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.
[image: ]
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 4: 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 4: 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 5: 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.
	[image: ]
…omitting some contents…
[image: ]


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.
	[image: ]


This mechanism can generally match the demand of dynamic SRS IL imbalance report from our understanding.       
Observation 6: 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 5: 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 each 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 [4] to RAN2 to convey basic RAN4 demands and leave the signalling design for RAN2 decision.
[bookmark: _GoBack]Proposal 6: Agree on LS R4-2320076 to RAN2 for solving SRS IL report issue.
Conclusion
In this contribution we discussed on the 8Rx RF requirements for FR1 UE, we have the following observations and proposals: 
Observation 1: 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 2: 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 3: 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 4: 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 5: 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 6: 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: It should be up to network configuration to enable UE reporting on SRS IL imbalance across SRS resources (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 2: For a UE that is not configured with reporting on actual ΔTRxSRS, whether to compensate for IL imbalance is up to UE implementation and transparent to the network. No need to specify any requirements, tests or behaviour accordingly.
Proposal 3: For a UE that is configured with reporting on actual ΔTRxSRS, introduce a threshold indicated by UE: 
· The threshold should be lower than the UE’s operating power class.
· When the transmit power (as defined in TS 38.213 clause 7.3) is not higher than this threshold, UE does not expect network compensation for the actual ΔTRxSRS.
· When the transmit power (as defined in TS 38.213 clause 7.3) is higher than this threshold, UE shall not proceed any compensation for SRS IL imbalance.
Adopt the draft TS 38.101-1 CR in R4-2320077 for capturing the above UE behaviour.   
Proposal 4: No need to consider effect of loss imbalance across Rx paths.
Proposal 5: 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 each 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 6: Agree on LS R4-2320076 to RAN2 for solving SRS IL report issue.
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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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5.7.4 UE Assistance Information
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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;




