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Introduction
In RAN4#101-bis-e, the discussion on the Rel-17 FeMIMO was continued to see if any impact, or possible changes to RAN4 RF requirements based on the discussion progress of RAN1 on each topic. A WF to capture the discussion status and what RAN4 has to focus on for RAN4#102-e was approved. Since nothing was concluded, this email thread has two main topics as same as the last meeting.
· Topic #1: Simultaneous multi-panel reception with different QCL type-D (RF/RRM)
· Topic #2:  Other RF requirements
Since this is the last meeting of the WI, the thread is aimed to derive RAN4’s common understandings of each topic under FeMIMO. Based on the 1st round comments, a WF will be shared for 2nd round discussion.
[bookmark: _Hlk92917605]Topic #1: Simultaneous multi-panel reception with different QCL type-D (RF/RRM)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2203703

	Apple
	■ Given the relative stability of the Rel-18 RAN4 package, as it is prepared for RAN Plenary fine-tuning, scoping, and eventual approval, we propose not to continue to discuss multi-panel RF requirements in Rel-17
■ The following framework for EIS requirement study can be discussed as part of the Rel-18 work: 
-Study whether new spherical coverage EIS requirements on simultaneous multi-panel reception in the same frequency (i.e. with up to 2 simultaneous AoAs) is feasible 
-Evaluation of system gains 
-Reference architecture and implementation complexity 
-Possible requirement definition and study of metrics 
-Can the requirement enhancement be isolated to EIS spherical coverage only (i.e. no impact on other requirements)? 
■ The following framework for testability study can be discussed as part of the Rel-18 work: 
-High level requirements of the test system: 
-Emulation of up to 2 simultaneous AoAs (how much angular separation?) 
-How to determine whether emulation of V&H polarizations per AoA is needed? 
-How to quantify the quiet zone? 
-What new MU elements need to be considered?

	R4-21203772

	Apple
	Observation #1: Simultaneous reception with different Rx beams is introduced in different optional features in Rel-15 and Rel-16 but RAN4 has no requirements.   
Proposal #1: Introduce enhancements for simultaneous reception with multiple panels or with different QCL Type-D for RF, RRM and Demod and required OTA testing aspects in Rel-18.

	R4-2204224


	MediaTek
	Proposal: It is important to consider these observations etc., during potential additional necessary requirement discussion for simultaneous multi-panel reception:
1) There are already REFSENS and spherical EIS requirements
2) Key UE hardware components are reused, no matter single-panel reception or multi-panel reception
3) UEs and gNBs relative locations can be quite different, it means quite different AoAs from UEs’ view.

	R4-2204402
	Intel
	Observation #1: Simultaneous reception of channel/RS with different QCL type D was introduced in Rel-16 eMIMO WI scope and no RAN4 requirements were defined in Rel-16 timeframe.
Observation #2: No consensus was reached in RAN4 #101bis-e meeting on whether to define RF/RRM requirements for simultaneous reception of channel/RS with different QCL type D in Rel-17 feMIMO WI scope.
Observation #3: In draft WID for RAN#95 meeting [RP-220057], requirement of simultaneous reception of channel/RS with different QCL type D for RF, RRM and Demodulation are planned to be defined in Rel-18.
Proposal 1: Do not define RAN4 RF/RRM/Demod requirements for FR2 simultaneous reception of channel/RS with different QCL type D in Rel-17 timeframe and further discuss the scenario in Rel-18 scope.

	R4-04519
	Qualcomm
	Observation 1. RF requirements for simultaneous reception are needed.
Observation 3: Current measurement/search requirements(delays/number of beams/cells) would also apply for simultaneous reception.
Observation 4: L1-RSRP measurements might need to be modified to apply also for m-TRP.
Observation 5: Simultaneous reception impact on scheduling restrictions and TCI state switching would have to be discussed.
Observation 6: BFD/CBD/BFR requirements will have to be updated to cover multiple TRPs.
Observation 7: Other requirement enhancements are not needed to enable the basic functionality of simultaneous reception.
Observation 8: New RRM tests are needed.
Observation 9: New test setup and new demod requirements are needed.
Observation 10: A new test setup and test methodology that enables simultaneous transmission from any arbitrary set of angles is needed for RF and demod.
Observation 11: A new test setup and test methodology with more than 2 probes and at least 2 simultaneously active probes is needed for RRM testing. Also, the test setup should enable more freedom to choose the angles compared to the Rel.15 RRM setup(ideally, any combination of angles should be possible.
Based on the observations above, the envisions RAN4 requirement impact can be summarized as follows:
RF:
- New spatial RF requirements
[bookmark: _Hlk96024353]- Discuss other requirements related to correlation between Rx beams, possible need for new sensitivity type of requirement (legacy requirement should still apply) and assumptions to be used for demod tests
RRM:
[bookmark: _Hlk96024678]- Core: New RRM requirements or clarification on applicability for L1-RSRP, scheduling restrictions, TCI state switching,  BFD/CBD/BFR
- Performance: New RRM tests to check performance with simultaneous reception
Demod:
- New demod requirements with simultaneous reception
- Requirements for 2 layers and possibly 4 layers
Testing
- New test setup and methodology for RF/demod with simultaneous transmission from 2 probes with arbitrary angle
- New test setup and methodology for RRM with more than 2 probes and at least 2 simultaneously active probes with more freedom to choose angle pairs compared to Rel.15 setup

	R4-2204730
	Samsung
	Observation 1: A dedicated UE capability signaling was introduced in Rel-16 eMIMO WI for supporting simultaneous reception with different QCL Type-D RSs (FR2 only).
Observation 2: RAN4 requirements (RF, RRM, and Demod) have not been specified based on the assumption of simultaneous transmission/reception with multi-beams in FR2.
Observation 3: It is not practical for RAN4 to specify the requirement of simultaneous reception with different QCL Type-D RSs within the limited time resource for RAN4 considering the heavy work impact and wide working scope.
Proposal 1: No RAN4 requirement assuming the simultaneous reception channel/RS with different QCL type D is specified in Rel-17. 
Proposal 2: Study and specify corresponding specific requirements for FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs under the dedicated RAN4 WI in future releases.

	R4-2204971
	vivo
	Proposal: Stop the discussion of multi-panel reception in Rel-17 and leave it to Rel-18 discussion.

	R4-2205014
	ZTE
	Proposal 1: Not need to enhance receiver requirements for multi-panel reception with the assumption of 1 AoA test. 
Proposal 2: Considering improvement of 2 AoA test assumption in future Rel-18 is feasible and operable. We can further check whether EIS spherical coverage requirement needs to be improved with the assumption of 2 AoA test in future Rel-18.
Proposal 3: For the RRM impact due to simultaneous reception with different QCL type D, which should be discussed during Rel-18.

	R4-2205103
	Qualcomm
	Observation 1. RF requirements for simultaneous reception are needed.
Observation 2. RF requirements for simultaneous reception can be defined based on the spherical coverage of angle pairs that can be paired.
Observation 3: RAN4 will need discuss how to handle the correlation between beam pairs used to receive simultaneously and whether a demod test would be enough to ensure minimum performance.

	R4-2205842
	Ericsson
	Proposal 1: RAN4 to define L1-RSRP measurement requirements for simultaneous reception on different antenna panels with different QCL type-D.
Proposal 2: RAN4 to study solution (or introduce restriction) to solve the UE complexity issue when UE need to receive simultaneously on different RS/channel or simultaneously on different RS/RS.  
Proposal 3: RAN4 to not define scheduling restriction for PDSCH/RS reception on different antennal panels.
Proposal 4: RAN4 to deprioritise requirements for TCI state switch delay simultaneously on both SC and NSC.
Proposal 5: RAN4 to prioritise defining only L1-RSRP measurement requirements for simultaneous reception on different antenna panels with different QCL type-D in Rel-17.



Open issues summary
At the last meeting, RAN4 continued to check whether the multi-panel reception due to the multi-TRP operation has an impact to the current reception requirements of RAN4. During the discussion, most companies believed that the new requirement can be added based on further study in Rel-18 with other impacts like test system. On the other hand, some companies thought that RAN4 should not consider future release which is up to RAN discussion. Based on that, following WF on this topic was agreed.
	· [bookmark: _Hlk92919301]RAN4 will have a further discussion on multi-panel simultaneous reception with different QCL type-D until next meeting 
· Companies are encouraged to provide a concrete proposal considering the time limitation of Rel-17 and potential RAN4-led WI of Rel-18 to the next meeting
· RAN4 requirements including RF,RRM and Demod will not be defined in Rel-17 if the group does not reach a consensus in RAN4#102-e



Given the input contributions, following sub-topics and proposals are provided by moderator since we never have an agreement on this topic. Also, although multiple companies suggest the assumptions or work scope for the future discussion, it is recommended to focus on the impact on RAN4 requirements and how to conclude RAN4 discussion in this meeting. The detailed assumption or work scope can be handled in RAN plenary discussion.
[bookmark: _Hlk96036610]Sub-topic 1-1: Impact on RAN4 requirements
[bookmark: _Hlk93522621]
Issue 1-1-1: RF impact
· Proposals
· Is it agreeable that UE capability of simultaneous reception needs further study on following RF requirements with test method enhancements? 
· New EIS spherical coverage based on paired angle
· Other RF requirement related to correlation between Rx beams
· Test method (2 simultaneous AoAs)
· Recommended WF
· Agreeable

Issue 1-1-2: RRM impact
· Proposals
· Is it agreeable that UE capability of simultaneous reception needs further study on following RRM requirements with test method enhancements? 
· L1-RSRP
· Scheduling restrictions
· SCell activation/deactivation delay
· TCI state switching
· BFD/CBD/BFR
· Test method (2 simultaneous AoA)
· Recommended WF
· Agreeable

Sub-topic 1-2: Work plan

[bookmark: _Hlk93523689]Issue 1-2-1: Conclusion of Rel-17
· Proposals
· Option 1: It is OK not to introduce both core requirements for RF and RRM in Rel-17.
· Option 2: Defining only L1-RSRP measurement requirements in Rel-17
· Recommended WF
· Option 1

Companies views’ collection for 1st round 
Open issues 

<Sub topic 1-1: Impact on RAN4 requirements>
Issue 1-1-1: RF impact
Issue 1-1-2: RRM impact 
	Company
	Comments

	Nokia(HU)
	Issue 1-1-1: RF impact
“At least” the listed items need to be specified. Also, we need to discuss how to handle the existing signal beam (one AoA) based requirements for each beam. More specifically, requirements like min peak EIRP shall be met by each panel or not. 

	vivo
	General comment:
These issues had already been discussed in pre-RAN_95 discussion and some tentative scope for R18 impacts were captured in RP-220057 respectively, we are not sure if RAN4 wants to re-open discussion here again. The tentative scope for RF/RRM are as following:
· Enhanced RF requirements:
· Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception with different QCL TypeD RSs 
· [Note that the current requirement of 50%-ile spherical coverage is kept intact]

· Enhanced RRM requirements
· Specify RRM requirements for enhanced FR2 UEs with simultaneous DL reception with different QCL TypeD RSs on a single component carrier. At least following points can be candidates:
· Delay/timing/interpretation/scheduling restriction

Issue 1-1-1: For RF impact
For RF impact, EIS spherical coverage is one requirement that is widely supported.
For other requirements, they were basically kept open, and it seems not that possible to achieve more during this meeting. 
In all, it is proposed to discuss this topic further in Rel-18.

Issue 1-1-2: For RRM impact
For the impacts to L3 measurements, we prefer to study in R18, rather than preclude them here in the scopes.
Scheduling restriction and measurement restriction should be discussed jointly with the RRM requirements.
Impact to SCell activation and de-activation on multi-panel reception is not clear except the beam sweeping factors.
Moreover, we think the Rx timing should also be studied. For intra-band CA, the MRTD currently is 260ns, which is less than CP. However, larger MRTD would be possible if UE has more than 1 FFT windows active for the same frequency.
In all, it is proposed to discuss this topic further in Rel-18.


	Samsung
	Since the current requirements is based on single AoA test method, new feature needs further discussion with enhanced test method in Rel-18. We are agreeable for both Issue 1-1-1 and 1-1-2.

	MediaTek
	The details should be discussed in R18.

	Nokia(DJ)
	We think that Rel-17 study is possible if companies intend, but we are ok to postpone the discussion to Rel-18. 
However, we want to be cautious on the wording. We don’t agree to completely conclude such as applying no requirement to Rel-17 UEs in cases, because Rel-16 UE already has the UE capability indication of simultaneous reception technically.
We are not sure if we need to discuss Rel-18 scope here for enhancement. If the items target Rel-18 further study, there are more possible items like RLM, L3-RSRP, timing differences and unknown conditions requirements etc.

	Ericsson
	Issue 1-1-1: RF impact
· Further study may be needed. 
Issue 1-1-2: RRM impact
Yes, that UE capability of simultaneous reception needs further study on at least following RRM requirements with test method enhancements. 
· L1-RSRP
· Impact to L3-RSRP measurements 
· Scheduling restrictions
· SCell activation/deactivation delay
· TCI state switching
· BFD/CBD/BFR
· Test method (2 simultaneous AoA)
Since no technical discussion happened from requirements definition point of view so far and this may be last meeting (or even if extension is allowed for this WI, one more meeting may be available) for requirements discussion. Since L1-RSRP is complex discussion, we are not sure if we could complete it in one or two meetings. Having said that, we are fine to define it in Rel-17 if companies willing. 
Regarding scope of potential Rel-18 WID, we could discuss details in RAN.


	OPPO
	No need to discuss in RAN4, and should be discussed in RAN.

	Huawei
	In general we can agree on further study in Rel-18.
In addition, we feel the last sub-bullet “Test method (2 simultaneous AoA)” is unnecessary since we have “with test method enhancements” in the main bullet for both two proposals. One possible modification could be as follows:
Issue 1-1-1: RF impact
· Proposals
· Is it agreeable that UE capability of simultaneous reception needs further study on following RF requirements with test method enhancements (e.g. 2 simultaneous AoAs)? 
· New EIS spherical coverage based on paired angle
· Other RF requirement related to correlation between Rx beams
· Test method (2 simultaneous AoAs)
Issue 1-1-2: RRM impact
· Proposals
· Is it agreeable that UE capability of simultaneous reception needs further study on following RRM requirements with test method enhancements (e.g. 2 simultaneous AoAs)? 
· L1-RSRP
· Scheduling restrictions
· SCell activation/deactivation delay
· TCI state switching
· BFD/CBD/BFR
Test method (2 simultaneous AoA)

	Comments before GTW closed


 
<Sub topic 1-2: Work plan>
Issue 1-2-1: Conclusion of Rel-17
	Company
	Comments

	Samsung
	Option 1. At least Option 2 with single requirement is meaningless.

	MediaTek
	Support option 1.

	Nokia(DJ)
	Option statements should be more specific on what RAN4 will do or not.
And it is hard to agree to Option-1 wording at this moment, because it is under RAN plenary discussion on a related WI. Alternatively, this will be a possible consensus: 
“RAN4 continues the simultaneous reception core requirement studies for RF and RRM in Rel-17 unless a Rel-18 RAN4 led WI including this topic is approved”

	Ericsson
	No strong position. We are fine with both options. 

	Huawei
	Option 1.

	Comments before GTW closed


 
Outcome of GTW_Feb_22
Agreement: RAN4 suggests not to specify the RF and RRM core requirements for the simultaneous multi-panel reception with different QCL type-D under Rel-17 feMIMO WI in the RAN4 specifications.
	Company
	Comments

	ZTE
	Fine with the agreements achieved in GTW. 
If the WID in Rel-18 can be approved by RAN, we have the following suggestion for Rel-18 discussion:
Issue 1-1-1: RF impact:
· Test method(2 simultaneous AoA)
· EIS spherical coverage based on paired angle
Issue 1-1-2: RRM impact:
· L3 measurement
· L1 measurement
· TCI state swithcing
· BFD/CBD/BFR
Scheduling restriction

	Qualcomm
	Issue 1-1-1: Some requirements are clearly needed, not clear if it necessarily has to be EIS or some other way of quantifying the simultaneous Rx performance.
Issue 1-1-2: for the RRM requirement we believe there will be impact to all the listed requirements but SCell activation/deactivation. This is not necessarily needed, it would be an enhancement. Also, we do not think any L1-RSRP requirements need to be changed but some of the applicability rules might need to be revisited.

	Apple
	Upon the agreements in GTW, the detailed scope should be discussed under R18 package in RAN plenary, including the proposal of release independent.
No further discussion in this meeting is needed.  

	Intel
	Based on the agreements in GTW, further study related requirement in Rel-18.

	Apple
	Follow the agreements in GTW

	Intel
	Support option 1.




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	1st round summary:
Issue 1-1-1: RF impact
· Is it agreeable that UE capability of simultaneous reception needs further study on following RF requirements with test method enhancements? 
· New EIS spherical coverage based on paired angle
· Other RF requirement related to correlation between Rx beams
· Test method (2 simultaneous AoAs)

Issue 1-1-2: RRM impact
· Is it agreeable that UE capability of simultaneous reception needs further study on following RRM requirements with test method enhancements? 
· L1-RSRP
· Scheduling restrictions
· SCell activation/deactivation delay
· TCI state switching
· BFD/CBD/BFR
· Test method (2 simultaneous AoA)

Although multiple companies suggested the assumptions or work scope for the future discussion through their contributions, it is recommended to focus on the impact on RAN4 requirements and how to conclude RAN4 discussion in this meeting. The detailed assumption or work scope can be handled in RAN plenary discussion.
However, from moderator’s perspective, the possible impact on RAN4 specifications of the multi-panel simultaneous reception can be captured in the WF since RAN4 never has an agreement on this topic. 

Tentative agreements:
The detailed assumption or work scope for Rel-18 is subject to RAN plenary discussion.

Recommendations for 2nd round:
Discuss how to capture the RAN4 study of Rel-17 on the multi-panel simultaneous reception through the WF. The draft WF will be shared for the 2nd round discussion.

	Sub-topic #2
	1st round summary:
Issue 1-2-1: Conclusion of Rel-17
· Option 1: It is OK not to introduce both core requirements for RF and RRM in Rel-17.
· Option 2: Defining only L1-RSRP measurement requirements in Rel-17

GTW discussion was held focusing on Issue 1-2-1. Based on the discussion, following agreement was reached among the companies. 

GTW agreements:
RAN4 suggests not to specify the RF and RRM core requirements for the simultaneous multi-panel reception with different QCL type-D under Rel-17 feMIMO WI in the RAN4 specifications.

Recommendations for 2nd round:
Topic#1 is closed. The detailed assumption or work scope for Rel-18 is subject to RAN plenary discussion.



Discussion on 2nd round
N/A
Topic #2: Other RF requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2204621
SRS

	Ericsson
	Observation 1:
· for operations with 2 UL symbols in special slot, AS or AS+FH cannot be used at all (i.e., for any of 1T2R, 2T4R, 1T4R) since there is no room for a guard period G;
· for operations with 3-4 UL symbols in special slot, AS+FH cannot be used at all. AS only (without FH) can be used for 1T2R and 2T4R, 1T4R cannot be used in a single slot at all (the latter for periodic/semi-persistent SRS)
Proposal 1: for FeMIMO, remove the guard period Y between the SRS resources of the SRS set used for antenna switching in the SRS time mask for SCS = 15k and 30k with a view to solve the problematic cases with AS use in the special slot. This should apply at least for
· UEs capable of the transient-time capability reducing the overall transient time excluding the switch
· SRS transmissions SRS resources associated with different antenna ports of the same bandwidth (PRBs as set by mSRS,b) significantly reducing the power changes  To be treated in [102]
Proposal 2: in view of the 15 us transient time (notwithstanding the transient-time capability, transmissions of PUCCH and PUSCH can be transmitted between SRS resource sets with usage ‘antennawitching’ without mandated guard symbols for SCS = 15k and 30k.
Observation 2: not being able to transmit e.g. PUCCH between SRS resource sets for AS in DL-heavy TDD configurations would be inefficient.

	R4-2204824
SRS
	Huawei
	Proposal 1: Clarify that the time mask defined in TS 38.101-1 Figure 6.3.3.6-5 should be applied when the gap between two SRSs belong to different set with antenna switch usage is not larger than Y symbols defined in TS 38.214, i.e. no UL transmission is expected by UE in the gap.
Proposal 2: Clarify that for the scenario that the gap between two SRSs belong to different set with antenna switch usage is larger than Y symbols defined in TS 38.214, PUSCH/PUCCH transmission is allowed and the transient period should be applied.

	R4-2204972
MPE
	vivo
	Observation 1: The current P-MPR item in the Pcmax related equation is already flexible to cover multiple Beam cases.
Observation 2: More tentative P-MPR extension can be more problematic in verification need or testability, thus may not fruitful.
Proposal: No extension of P-MPR concept or equation is needed. 

	R4-2205015
MPE
	ZTE
	Observation 1: Until now, without any enhancement about Pcmax approved in RAN1, so the meaning of Pcmax is still same as in legacy Rel-16. 
Proposal 1: From RAN4’s perspective, not any requirement enhancement or additional relation clarification is needed.

	R4-2205142
SRS
	Nokia
	Proposal 1: UE shall be able to transmit any other signals in-between the gap except for GP.
Observation 1: Enabling network to know where GP is can avoid resource losses due to allocation of the resource on symbol(s) where GP(s) exists.
Proposal 2: Specify a certain rule to define where GP should be placed in the gap and/or an explicit signaling method for UE to indicate the exact position of the GP.

	R4-2205609
MPE
	Nokia
	Observation 1: Reflecting the information on a new functionality in the specification is necessary.
Observation 2: Reflecting the information on a new enhanced MPE P-MPR reporting method is necessary at least if the answer for “should it be included per indicated SSBRI/CRI value” in the LS of [2] is YES.
Proposal 1: Introduce a NOTE on a new enhanced MPE P-MPR reporting capability based on RAN1 reply to [2]
[bookmark: _Hlk96028878]NOTE: UE capability xxs, as defined in TS 38.306 [14], is an optional UE capability to report PCMAX,f,c per indicated SSBRI/CRI value together with corresponding MPE P-MPR bits when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes

	R4-2205658
MPE
	Apple
	Observation 1: per-beam based P-MPR is introduced to enhance UL Tx beam selection with MPE impacts considered. 
Proposal 1: the corresponding measured peak EIRP PUMAX,f,c should be revisited to clarify the definition of P-MPRf,c when per-beam based P-MPR reporting is enabled. 



Open issues summary
Based on the latest approved WF and submitted contributions, sub-topics are organized as follows: 
· Sub topic 2-1: Impact of MPE enhancements
· Sub topic 2-2: SRS related impact

Sub-topic 2-1: Impact of MPE enhancements
On the impact of the MPE enhancement, at the last meeting, RAN4 continued the discussion based on the agreement of RAN1 on the MPE mitigation enhancement on top of the RAN4 scheme of Rel-16. During the discussion, most companies believed that the MPE enhancement of Rel-17 does not have an impact on the Pcmax definition. Some of them also had concerns to change/add the note of Rel-17 P-MPR. Based on that, following WF on this topic was agreed.
	· It will be further determined
· whether to change current PCMAX definition based on the latest RAN1/2 agreement
· whether to update the P-MPR NOTE based on potential CR proposed to the next meeting.



Given the input contributions, following sub-topics and proposals are provided by moderator. Since this is the last meeting of the WI, it is recommended to focus on how to conclude the MPE enhancement in RAN4.

[bookmark: _Hlk96039949][bookmark: _Hlk93523941]Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· Option 2 (No proposed solution for Option 1)

Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
· Proposals
· Option 1: Yes (based on the reply LS of RAN1) 
· NOTE: UE capability xxs, as defined in TS 38.306 [14], is an optional UE capability to report PCMAX,f,c per indicated SSBRI/CRI value together with corresponding MPE P-MPR bits when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes
· Option 2: No
· Recommended WF
· Collect companies’ views for 1st round

Sub-topic 2-2: SRS related impact
At the last meeting, RAN4 discussed how to handle the case when the gap between two SRSs belong to different set with antenna switch usage is larger than Y symbols defined in TS 38.214, and sent an LS for the information. Based on that, following WF on this topic was agreed.
	· Continue to discuss this issue in the FeMIMO work item until the next meeting with clearer views for following topics 
· Handling the interval between SRSs (R4-2200342)
· SRS power control (R4-2201967)
· Others are not precluded



Given the input contributions, following sub-topics and proposals are provided by moderator. Since this is the last meeting of the WI, it is recommended to focus on how to have a common understanding for each issue from RAN4’s perspective.

[bookmark: _Hlk93524639]Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets? 
· Proposals
· Yes, based on switching time of RAN4 if the gap is larger than Y
· Recommended WF
· Yes 

Issue 2-2-2: Guard period in-between SRS resource sets
· Proposals
· Better to define a certain rule for the position of guard period in RAN1 spec
· Recommended WF
· Collect companies’ views for 1st round

Companies views’ collection for 1st round 
Open issues 

<Sub topic 2-1: Impact of MPE enhancements>
Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
	Company
	Comments

	Nokia(HU)
	Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
If RAN1/2 defines P-MPR per beam, the answer is YES.
If RAN1/2 does not define P-MPR per beam, the answer is NO.
Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
If RAN1/2 defines P-MPR per beam, the answer is YES.
If RAN1/2 does not define P-MPR per beam, the answer is NO.

	vivo
	Issue 2-1-1:
No.
Issue 2-1-2:
More prefer no.

	Samsung
	Issue 2-1-1: No

	Ericsson
	Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
Option 2: no.
The P-MPR is not limited so would not affect the boundaries of Pcmax,f,c per serving cell regardless of reporting capability supported.
Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
It may be beneficial to clarify further with RAN1 the time scales involved for MPE (and presumably the P-MPR application). The MPE measurement is averaged over 2-4 seconds according to the FCC, for example, the MPE is a ‘slow process’ compared to UL scheduling in general. Moreover, MPE is measured as a PFD limit no matter presence of any bodies/objects. Some issues that may require consideration:
Is the UE expected to apply P-MPR if a UE panel is blocked for example (the PFD MPE limit may still not be exceeded)? 
The averaging length of MPE may be longer than that of a beam switch as per the SSBRI, which means that the MPE would be averaged over transmissions over multiple beams. 
Informing RAN1 and RAN2 about the above matters may assist in specifying PH for multi-TRP and multi-panels.


	OPPO
	Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
Option 2. The PMPR used in Pcmax calculation is used by UE which might be different with different beams and correspondingly reported to NW, however, in the Pcmax equation it doesn’t shown difference from per UE PMRP or per beam PMPR.
Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
Option 1. Some note maybe helpful, contents are related with RAN1 conclusion on the Pcmax,f,c reporting per indicated SSBRI/CRI. Currently Pcmax,f,c is defined per cell, and no per beam Pcmax defined. If RAN1 define per beam based MPE enhancement, then some clarifications might be needed in RAN4.

	Huawei
	Issue 2-1-1:
No, we don’t think there will be any impact.
Issue 2-1-2:
Not necessary. 

	Comments before GTW closed


 
[bookmark: _Hlk96446951]<Sub topic 2-2: SRS related impact>
Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets? 
Issue 2-2-2: Guard period in-between SRS resource sets
	Company
	Comments

	Huawei
	Issue 2-2-1:
We agree with the moderator proposal with the clarification that TP is enough for switching when the gap is larger than Y OFDM symbols. 
Issue 2-2-2:
With the clarification in Issue 2-2-1 (if the moderator proposal can be agreed), the introduction of GP is unnecessary. Needless to say that the introduction of explicit rule/signaling for the position of GP will obviously limit the UE implementation on the mapping between Tx and antenna port. 

	Nokia(HU)
	Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets? 
Yes, it is.
Issue 2-2-2: Guard period in-between SRS resource sets
Better to define a certain rule for the position of guard period in RAN1 spec or introduce a capability to explicitly indicate the position of guard period
Issue 2-2-3: Guard period for SCS = 15k and 30k
We support the proposal in principle. But when the shorter transient period is 4 or 7 us, the proposal may not work since the CP length is exceeded. For 4us, -2.5-1+4+5=5.5 us, for 7 us, -2.5-2+7+5=7.5 us.

	Samsung
	Issue 2-2-1: Yes

	Ericsson
	Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets? 
Yes. 
Transmission of other signals between SRS sets for AS is already possible according to the existing specifications, e.g. aperiodic triggering for 1T4R AS with SRS transmissions in the last six symbols per slot.
Issue 2-2-2: Guard period in-between SRS resource sets
In view of the transient period between SRS resources within resource sets for AS, that is, 15 us without account of transient-time capability and the same between adjacent SRS resources/ports of different SRS resource sets, the UE should be able to transmit SRS resources in different sets (each SRS resource associated with a different SRS port) without guard symbols at least for 15k and 30k.
RAN4 should assist RAN1 in determining the any guard symbols Y, whenever needed, between SRS resources in sets used for AS, impact of transients on transmissions is (also) RAN4 responsibility.

	
	Issue 2-2-1: prefer no (but are ok with the moderator proposal in the presence of mob rule) 
Issue 2-2-2: We would prefer RAN1 to specify this guard and rules. The use of transient allowance in RAN4 for these cases results in to rather complicated spec and lots of maintenance.     

	OPPO
	Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets? 
Yes, based on switching time of RAN4 if the gap is larger than Y
Issue 2-2-2: Guard period in-between SRS resource sets
We understand the benefit of clarifying guard period in-between SRS resource sets to facilitate NW scheduling (maybe also for the case of within SRS resource sets?), but it seems RAN1 also has some discussion on this, e.g. the CA case. Therefore, it should be handled in RAN1.

	Comments before GTW closed



Outcome of GTW_Feb_22
MPE enhancements
Tentative agreement: There is no change on the equation for Pcmax boundaries, but add the note to clarify the Pcmax boundaries are specified based on per-UE based P-MPR. 
<New note to clarify the Pcmax boundaries are specified based on per-UE based P-MPR>
	Company
	Comments

	ZTE
	Issue 2-1-1:
Support Option 2: No.
Issue 2-1-2:
Support Option 2: No.

	Qualcomm
	Issue 2-1-1:we support the tentative agreement from GTW.
Issue 2-1-2: we do not think there is any need for a clarification. The description of the feature/capability should be captured in 306 as usual.

	Apple
	As what we explained in GTW as well as in our contribution, the lower bound of current Pumax is determined by Ppowerclass-P-MPR. With per-beam based PMPR, UE may pick up the beam with small P-MPR. The corresponding peak EIRP can be smaller than Ppowerclass, which is defined as per-UE based minimum peak EIRP. In this case, Ppowerclass-P-MPR is more than what UE can achieve.
As proposed in GTW, we should clarify the PMPR used in Pumax formular should be per-UE based instead of per-beam based. 

	Samsung
	We are still not sure that such new note for Pumax formula clarification will give much impact on the UE behavior because the current per-UE P-MPR reported to the network was in a range also. But we can agree with the tentative agreement of GTW. Based on that we can try to have single note for P-MPR and/or Pumax to clarify the per-beam based P-MPR for the rest of the meeting.



SRS enhancements
Agreement: UE is able to transmit other signals in-between SRS resource sets if the interval in-between SRS resource sets is larger than Y
· FFS on which symbols can be available for transmission in this meeting.
<Symbol can be transmitted in-between SRS resource sets >
	Company
	Comments

	Nokia
	We are OK for RAN1 to make a final decision, even if that is the case, at least we should share our views with RAN1.
We are open if specifications set a certain rule such that the GP(s) is placed on the 1st symbol in the gap, the last symbol in the gap or explicit signalling.
The reason we believe this is important is that allocating any resources over the symbol(s) to be GP make many resources in vain in practice since during CA modes, a band conducting SRS AS and some other bands under CA may belong to the same antenna. In this case, all the resources will be in vain during the GP if the resources are allocated.
According to Figure 6.3.3.7-2, it seems, transient periods including AS time are placed immediately before and after the SRS transmission. But this must not be the case. 
[image: ]

	ZTE
	Issue 2-2-1: 
Fine with the agreements achieved in GTW.
Issue 2-2-2: 
Prefer RAN1 to specify the exact guard and rules.

	Apple
	On top of the agreements in GTW, it is proposed to take Y values specified in 38.214 as the reference to make sure the consistency between RAN1 and RAN4 spec. If RAN4 reaches the consensus that RAN1’s value should be revisited, RAN4 could inform RAN1 in a later stage.

	Huawei
	For this scenario, we would like to clarify again that we think an interval equal to TP (15us, not 10us or 2/4/7us) is enough for antenna switching (X to Y or Y to X) from implementation perspective. Hard to see the need for introducing any additional GP on top of TP.

	Samsung
	We see the issue from Nokia. However, since RAN1 is still under discussion on Y considering TP even this week, RAN4 does not have to discuss the issue before their decision.




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	1st round summary:
Issue 2-1-1: Does per-beam based (N) P-MPRs impact on Pcmax boundaries?
· Option 1: Yes
· Option 2: No

Issue 2-1-2: Is it necessary to add a note for relationship between P-MPR and SSBRI/CRI?
· Option 1: Yes (based on the reply LS of RAN1) 
· NOTE: UE capability xxs, as defined in TS 38.306 [14], is an optional UE capability to report PCMAX,f,c per indicated SSBRI/CRI value together with corresponding MPE P-MPR bits when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes
· Option 2: No

Through the GTW discussion, a tentative agreement on Issue 2-1-1 was reached. Since the agreement also has the need for the new note to clarify per-beam based P-MPR, proponents shall provide the draft note for the per-beam based P-MPR to make a consensus during the 2nd round discussion given that it’s the last meeting of the WI. 

Tentative agreements:
There is no change on the equation for Pcmax boundaries, but add the note to clarify the Pcmax boundaries are specified based on per-UE based P-MPR.  

Recommendations for 2nd round:
While waiting for RAN1 LS to RAN2, the potential new note for per-beam based P-MPR shall be discussed based on the proposal.

	Sub-topic #2
	1st round summary:
Issue 2-2-1: Is it able to transmit other signals in-between SRS resource sets?
· Yes, based on switching time of RAN4 if the gap is larger than Y

Issue 2-2-2: Guard period in-between SRS resource sets
· Better to define a certain rule for the position of guard period in RAN1 spec

Based on the GTW discussion, an agreement on the SRS enhancement was reached. However, since it is still FFS on which symbols can be available for transmission in this meeting, companies are encouraged to provide the view on the type of the signals in-between SRS resource sets to make a consensus during the 2nd round discussion. 

GTW agreements:
UE is able to transmit other signals in-between SRS resource sets if the interval in-between SRS resource sets is larger than Y
· FFS on which symbols can be available for transmission in this meeting.

Recommendations for 2nd round:
Companies are encouraged to provide the view on the type of the signals in-between SRS resource sets to make a consensus given that it us the last meeting of the WI.



Discussion on 2nd round
Sub-topic 2-1: Impact of MPE enhancements
While waiting for RAN1 LS to RAN2, the potential new note for per-beam based P-MPR shall be discussed based on the proposal. Based on our tentative agreement, companies are encouraged to provide comments on whether/how to capture the concept of per-beam based P-MPR as a note into 6.2.4 of 38.101-2. A new Tdoc number will be requested for the CR if there is a consensus during 2nd round. 
Tentative agreement: There is no change on the equation for Pcmax boundaries, but add the note to clarify the Pcmax boundaries are specified based on per-UE based P-MPR. 
<New note to clarify the per-beam based P-MPR and relationship with Pumax boundaries >
Question: Is it agreeable to add the proposed note to 6.2.4 of 38.101-2?
· NOTE (Nokia): UE capability xxs, as defined in TS 38.306 [14], is an optional UE capability to report PCMAX,f,c per indicated SSBRI/CRI value together with corresponding MPE P-MPR bits when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes

Please comment on the proposed note, or suggest alternatives as early as possible.
	Company
	Comments

	Nokia(HU)
	Yes, it is, if the answer from RAN1 for the following Question 1.10 in R2-2202002 is YES.
Question 1.10: Is reporting of PCMax,f,c needed for MPE information and if it is, should it be included per indicated SSBRI/CRI value or is it cell-specific?

	Qualcomm
	We are not sure this note is correct, first it would be good to see the LS. “MPE P-MPR bits” doesn’t seem correct, UE reports P-MPR that gets mapped to some bits. there is no need for MPE or bits in the note.

	OPPO
	Better to wait for the LS and see RAN1 feedback.

	Apple
	We suppor the tentative agreement. However, the proposed note does not reflect that PMPR is per UE based. The following revision is proposed

If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c.
If the field of UE capability maxUplinkDutyCycle-FR2 is absent, the compliance to electromagnetic power density exposure requirements are ensured by means of scaling down the power density or by other means.
P-MPRf,c is the power management maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c only for the cases described below. For UE conformance testing P-MPRf,c shall be 0 dB.

NOTE: P-MPRf,c referred in this section is defined as cell specific.




Sub-topic 2-2: SRS related impact
An agreement on the SRS enhancement was reached during the GTW. Since it is still FFS on which symbols can be available for transmission in this meeting, companies are encouraged to provide the view on the type of the signals in-between SRS resource sets to make a conclusion given that it us the last meeting of the WI.
Agreement: UE is able to transmit other signals in-between SRS resource sets if the interval in-between SRS resource sets is larger than Y
· FFS on which symbols can be available for transmission in this meeting.
< Symbol can be transmitted in-between SRS resource sets >
Question: Which symbol can be available for the transmission?

Please comment on the question, or on others as early as possible.
	Company
	Comments

	Nokia(HU)
	In order to leave some flexibility in UE design, we propose to allow UE to indicate a capability if it places GP(s) on the 1st symbol in the gap or the last symbol in the gap. Without defining where the GP(s) is, even the conformance test for ON/OFF mask for SRS is not possible, though it seems there has been no test for ON/OFF mask for SRS AS so far if our understanding is correct….

	Huawei
	Please consider 1T4R antenna switching SRS in Rel-15, there is no GP between the SRSs transmitted in two consecutive slots and all symbols in between can be scheduled. Thus for this question we believe the answer is all symbol within the gap can be available.

	OPPO
	It depends on where the Y is locating. Currently there is no restriction on this Y location. Do we really need to fix the location?

	Nokia(HU)
	To Huawei: we have no problem to agree with no GP in gap between two SRS resource sets. It would be great if Huawei could clarify how the UE can avoid having GP even if antennas are switched. If the GP is not required for this case, the GP must not be needed at all in any conditions.
To OPPO: You are right. It depends on where Y is located. Otherwise, the resource on the Y will be in vain. Regarding if the location is fixed or not, it may not have to but there is also no reason to dare to place the Y somewhere middle of the gap between SRS resource sets. We would not need to completely fix the locations. Immediately before the SRS resource or after would be OK. 

	Apple
	Firstly, considering this is the last meeting to complete this WI, it is proposed that 
Proposal: Y specified in RAN1 can be reused for in-between SRS resource sets. Any symbol beyond Y in the interval between SRS resource sets can be used for transmission.




Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on RF impact of FeMIMO
	Samsung
	To capture the RAN4 discussion on RF impact of FeMIMO

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2203772
	Discussion on Impact to RF and RRM requirements with simultaneous reception
	Apple
	Noted
	General

	R4-2204402
	Discussion on simultaneous reception in FeMIMO
	Intel Corporation
	Noted
	General

	R4-2204519
	Requirements for Simultaneous Reception in FR2
	Qualcomm Incorporated
	Noted
	General

	R4-2204730
	Multi-panel simultaneous reception of FeMIMO
	Samsung
	Noted
	General

	R4-2205842
	Discussion on Simultaneous reception with different QCL-type D
	Ericsson
	Noted
	General

	R4-2203703
	Multi-panel FR2 UE requirements
	Apple
	Noted
	Simultaneous

	R4-2204224
	Rationality on potential additional FR2 FeMIMO multi-panel reception requirement
	MediaTek Beijing Inc.
	Noted
	Simultaneous

	R4-2204971
	Further discussion on impact of multi-panel reception requirements
	vivo
	Noted
	Simultaneous

	R4-2205014
	Discussion on Additional requirement for multi-panel reception
	ZTE Corporation
	Noted
	Simultaneous

	R4-2205103
	RF Requirements for Multi-panel in FR2
	Qualcomm Incorporated
	Noted
	Simultaneous

	R4-2204972
	Further discussion on impact of MPE requirements
	vivo
	Noted
	MPE

	R4-2205015
	Discussion on Impact of MPE enhancements
	ZTE Corporation
	Noted
	MPE

	R4-2205609
	Requirements for MPE mitigation
	Nokia, Nokia Shanghai Bell
	Noted
	MPE

	R4-2205658
	On the impact of per-beam based PMPR reporting
	Apple
	Noted
	MPE

	R4-2204621
	SRS time masks for SRS usage set to antenna switching for FeMIMO
	Ericsson
	Noted
	SRS

	R4-2204824
	Remaining issues for SRS
	Huawei, HiSilicon
	Noted
	SRS

	R4-2205142
	Handling of GP in GAP between two different SRS resource sets
	Nokia, Nokia Shanghai Bell
	Noted
	SRS



2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	
	
	
	
	

	
	
	
	
	



Annex 
Contact information
	Company
	Name
	Email address

	Huawei
	Xiang Gao
	gaoxiang74@huawei.com

	Nokia(HU)
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	vivo
	Sanjun Feng
	fengsanjun@vivo.com

	Ericsson
	Christian Bergljung
	Christian.Bergljung@ericsson.com

	Samsung
	Taekhoon Kim
	kuhn.kim@samsung.com
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