[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #108                                         R4-2313094
Toulouse, France, August 21 – 25, 2023

Source: 	Huawei, HiSilicon
Title: 	On FR1 8Rx UE RF requirements 
Agenda Item:	8.4.1.2
Document for:	Approval
Introduction
In previous meetings, RAN4 achieved good progress on NR 8Rx RF requirements. The controversial issues that require further discussion can be found in WF [1] and are excerpted here: 
	Sub-topic: Actual ΔTRxSRS report
Issue: Whether or not actual ΔTRxSRS are compensated at UE
· Further discuss the UE behaviour whether or not UE compensates losses to achieve the same power across different ports during SRS antenna switching.
· Option 1: UE compensates losses to achieve the same power across ports (no power imbalance approach)
· Option 2: UE does not compensate losses to achieve the same power across ports (fixed power imbalance approach).
· Option 3: Other

Issue: Whether or not to consider effect of loss imbalance across Rx paths
· Further discuss the effect of loss imbalance across Rx paths in next meeting.


Issue: Solutions for the issue that DL channel estimation at gNB depends whether or not actual ΔTRxSRS are compensated at UE
· Further discuss in next meeting.


Issue: Applicability to 2Rx/4Rx
· If ΔTRxSTS indication from UE to NW is introduced for 8Rx, 
· Option 1: It can also apply to 2/4Rx case.
· Option 2: It does not apply to 2/4Rx case.

Sub-topic: Release independent
Issue: Which release 8Rx can be release independent from
· FFS Release independent for 8Rx.
· FFS whether distinguish AS-SRS cases for release independence discussion.

Sub-topic: CA requirements
Issue: Whether or not revision/modification on WID is needed
· If WID is revised to clarify 8Rx CA is included in the scope in RAN, RAN4 specify CA requirements for 8Rx.

Sub-topic: AS-SRS for 4T8R
Issue: AS-SRS for 4T8R
· RAN4 starts the discussion of SRS antenna switching for t4r8 with the following scenario: (DOCOMO)
· Power class: PC1.5
· PA configuration: 4x 23dBm
· SRS antenna switching patterns:
· t4r8
· t4r8 and t2r8
· t4r8 and t1r8
· t4r8 and t2r8 and t1r8


In this contribution, we would like to share our views regarding those remaining issues.
Discussion
On 8Rx requirements for DC/CA scenario 
Since the discussion on delta Rib for 8Rx operation on single band has achieved concrete results [1], it is our understanding that the extension to CA/DC scenario is feasible considering what RAN4 had been specified during LTE 8Rx and NR 4Rx standardization phase. But in previous meeting, such extension was on hold due to the comment that the WID scope does not include CA/DC scenario. Procedurally, the latest approved version of it [2] includes CA/DC scenario for completeness.          
[image: ]
Therefore, we show our preference on related open issues as below.
Optional or mandatory for UE supporting 8Rx in non-CA Optional or mandatory to support 8Rx in CA mode
From UE implementation point of view, UE may not equivalently support 8Rx operation for CA when it supports 8Rx single band operation for the component bands, mainly owing to the practical trade-off behind the pursuit of accommodating different features under limited hardware resources. In short, the implementation flexibility should be guaranteed here. Thus we have the following proposal.       
[bookmark: OLE_LINK1]Proposal 1: It is optional to support 8Rx operation per band per band combination, when the UE (optionally) supports 8Rx single band operation for the corresponding band.
Example band combinations
To our understanding, unless some issues will be identified when specific general requirements are expected to be met for specific CA/DC band combinations, there is no need to involve any example band combinations given that it would be more appropriate for such work to be carried out by basket WI.  
Proposal 2: Unless issues will be identified when specific general requirements are expected to be met for specific CA/DC band combination(s), the work on 8Rx CA/DC band combinations standardization should be covered by another basket WI.
In case defining example band combinations is necessary, we tend to consider typical intra-band contiguous and inter-band CA scenario like CA_n78C and CA_n41A-n78A.
Proposal 3: The intra-band contiguous and inter-band CA scenarios e.g., CA_n78C and CA_n41A-n78A can be considered respectively in case it is necessary to define 8Rx example band combinations. 
Modification on MSD
For this issue, we support the general specification implementation as in [1] in case no other issues can be identified for specific band combination. So we have the following proposal.
Proposal 4: Clarify the relationship between MSD and delta Rib for 8Rx:
· For 38.101-1: For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
· For 38.101-3: For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.

Release independent for 8Rx 
As we have emphasized before, there is no point to consider two versions for release independent which are distinguished by the support of xt8r AS-SRS. To our knowledge, measurements based on xt8r AS-SRS, which has been introduced by RAN1 in Rel-17, is an essential and indispensable feature to ensure overall performance for the 8Rx capable UE. In conclusion we think Rel-17 is the appropriate version for 8Rx release independent. 
Observation 1: It is unnecessary to consider two versions based on whether the UE can support xt8r AS-SRS for release independent, since xt8r AS-SRS is essential and indispensable to ensure overall performance for the 8Rx capable UE.
Proposal 5: For NR, 8Rx should be release independent from Rel-17. 
On ΔTRxSRS for 4T8R AS-SRS 
Another open issue is how to define the ΔTRxSRS requirement considering different combinations of AS-SRS capabilities with 4Tx. For 4T8R AS-SRS, it could be equivalently viewed as 1T2R for diversity branch, whose requirements have already been covered by legacy ΔTRxSRS.
Proposal 6: For the UE that is only capable of ‘t4r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t1r2’ AS-SRS:
· 3dB @ NR band n41/n77/n78
· 4.5dB @ NR band n79
Regarding other AS-SRS fall-back capabilities, we think one fact that had been verified during the previous study is that larger IL should be considered when the RF design aims at compatibility for the fall-back on Tx number.
Observation 2: It had been verified that larger IL should be considered when the RF design for AS-SRS aims at compatibility for the fall-back on Tx number.    
The following figure is a possible RF design for the UE that would indicate the support of full fall-back capability ‘t4r8-t2r8-t1r8’. 
[image: ]
Figure 1. Example on RF design of ‘t4r8-t2r8-t1r8’ AS-SRS capable UE
Considering 1t8r under this architecture, 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 would be easy to justify that the RF design targets for ‘t4r8-t2r8-t1r8’ and ‘t4r8-t1r8’ should require more relaxed ΔTRxSRS, while it could be enough to apply the agreed requirements for ‘t2r8-t1r8’ for the other RF design accommodating ‘t4r8-t2r8’. Hence, we have the below proposals.
Proposal 7: For the UE that is capable of ‘t4r8-t2r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t2r8-t1r8’ AS-SRS:
· 4.5dB @ NR band n41/n77/n78
· 6dB @ NR band n79
Proposal 8: 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
· 8dB @ NR band n79

About UE reporting on actual ΔTRxSRS  
Although RAN1 related discussion triggered by RAN4 LS [3] is still ongoing, we would like to share some insights regarding those comments and concerns so far. 
Clarification on UE 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.
Observation 3: UE may or may not have power imbalance compensation, which is up to UE implementation and no need to specify any requirements, tests or behaviour accordingly.   
Independently, when a UE reports actual ΔTRxSRS, it leaves no ambiguity between the UE and gNB since compensation from gNB side would be expected from UE. Otherwise the UE should not report at all. This logic applies to all other optional features naturally.
Observation 4: When a UE indicates the support of reporting on actual ΔTRxSRS, the gNB side compensation based on the reporting would be expected. Otherwise the UE should not report at all. This is aligned with the logic behind UE support of any other optional features. 
Whether or not to consider effect of loss imbalance across Rx paths
In [4], the concern regarding Rx IL imbalance was raised. We would like to present more analysis to check if there is any misalignments. We understand 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 [3].
Observation 5: 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 that we give 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 6: 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.
[bookmark: _GoBack]For better illustration, we can take one proposed architecture in [5] 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 provided in [4] 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 7: 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 ideally 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 8: The channel reciprocity is a valid assumption under which the gNB would ideally 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.
Conclusion
In this contribution we discussed on the 8Rx RF requirements for FR1 UE, we have the following observations and proposals: 
Observation 1: It is unnecessary to consider two versions based on whether the UE can support xt8r AS-SRS for release independent, since xt8r AS-SRS is essential and indispensable to ensure overall performance for the 8Rx capable UE.
Observation 2: It had been verified that larger IL should be considered when the RF design for AS-SRS aims at compatibility for the fall-back on Tx number.
Observation 3: UE may or may not have power imbalance compensation, which is up to UE implementation and no need to specify any requirements, tests or behaviour accordingly.
Observation 4: When a UE indicates the support of reporting on actual ΔTRxSRS, the gNB side compensation based on the reporting would be expected. Otherwise the UE should not report at all. This is aligned with the logic behind UE support of any other optional features.
Observation 5: 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 6: 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 7: 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 8: The channel reciprocity is a valid assumption under which the gNB would ideally 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 1: It is optional to support 8Rx operation per band per band combination, when the UE (optionally) supports 8Rx single band operation for the corresponding band.
Proposal 2: Unless issues will be identified when specific general requirements are expected to be met for specific CA/DC band combination(s), the work on 8Rx CA/DC band combinations standardization should be covered by another basket WI.
Proposal 3: The intra-band contiguous and inter-band CA scenarios e.g., CA_n78C and CA_n41A-n78A can be considered respectively in case it is necessary to define 8Rx example band combinations.
Proposal 4: Clarify the relationship between MSD and delta Rib for 8Rx:
· For 38.101-1: For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
· For 38.101-3: For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
Proposal 5: For NR, 8Rx should be release independent from Rel-17. 
Proposal 6: For the UE that is only capable of ‘t4r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t1r2’ AS-SRS:
· 3dB @ NR band n41/n77/n78
· 4.5dB @ NR band n79
Proposal 7: For the UE that is capable of ‘t4r8-t2r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t2r8-t1r8’ AS-SRS:
· 4.5dB @ NR band n41/n77/n78
· 6dB @ NR band n79
Proposal 8: 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
· 8dB @ NR band n79
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*  Example bands:
- TDD bands: n41, n77/ n78, n79
- FDD bands: n7
= Note 1: the total number of example band should be limited to 4. n77/n78 are considered as one
band during the study.
= Note 2: other bands to be introduced in the release independent way later on from Rel-18
= Note 3: specifying requirements for TDD bands has first priority
*  Specify the UE RF requirements to support 8Rx for both single carrier and CA/DC. Example band combos and
configurations need to be defined.
*  Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8

- Discussion on t4r8 shallstarts from RAN4#108-after at least one PC for 4 T is completed
*  NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
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