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Introduction
In RAN4 100e, the WF R4-2115336 was agreed in [1]. In this paper our views on RRM requirements impacts for SRS antenna port switching are provided.
Discussion on the scope and impact of SRS antenna switching requirements
In RAN4 100e, the following is agreed for the scope of SRS antenna switching.
Issue 1-1-1: whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
· Agreements:
· Do not define the scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols in Rel-17
· Performance degradation on these symbols can be expected
· FFS whether and how to capture this in TS 38.133

Regarding the FFS bullet, in our view there is no need to capture performance degradation in TS 38.133, since it can already be inferred from the transient period requirements specified in TS 38.101-1 [2]. Following RAN4 agreements, in our view RAN1 should be informed for this issue.
Proposal 1  Do not capture the performance degradation in TS 38.133. If LS to RAN1 is sent in this meeting, inform RAN1 about the performance degradation.
Impact to L1-RSRP/L1-SINR measurement requirements
In RAN4 100e, the following is agreed for the scope of SRS antenna switching.
Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA 
· Agreement in 2nd round:
· For NR-SA, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol.
· FFS when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol.
Issue 1-2-2: Impact of SRS antenna port switching to RRM requirements in EN-DC or NE-DC 
· Agreements in 2nd round
· For EN-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the SCG.
· For NE-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the MCG.
· FFS on L1-RSRP/L1-SINR (follow the conclusion from issue 1-2-1)
Issue 1-2-3: Impact of SRS antenna port switching to RRM requirements in NR-DC 
· Agreements in 2nd round 
· For NR-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the same CG.
· FFS on L1-RSRP/L1-SINR (follow the conclusion from issue 1-2-1)
Issue 1-2-4: Impact of SRS antenna port switching to other specific RRM requirements 
· Agreements in 2nd round 
· RAN4 to clarify that other specific RRM requirements except for the NR measurements only applies when no SRS antenna port switching occurs during those RRM activities.
· RAN4 not to define prioritizing rules of SRS antenna switching and other specific RRM requirements except for the NR measurements.
· FFS whether spec clarification/note is needed to reflect the above agreements in the corresponding requirement section.
Issue 1-2-5: Impact of SRS antenna port switching to CSF and other RS 
· FFS
· Option 1 (CATT): If it is necessary to check, RAN4 can make requirements and test for the collision cases of SRS and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH according to the rules defined in clause 6.2.1 in RAN1specification.
· Option 2 (Apple, QC, OPPO, vivo): Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report. If collision happens, it is considered as an error case and no UE requirement is imposed.
· Option 3 (vivo): Send LS to RAN1 to check the prioritization rule for SRS antenna switching, especially for the case in CA/DC operation.
· Option 3a (Ericsson, Nokia): Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.
· Option 4 (Huawei, Ericsson, Nokia, CATT): Not to define the rules to avoid collisions except what has been define in RAN1 and NR measurement.

Firstly, the collision between SRS and PUSCH/PUCCH carrying measurement report is discussed. For the case of NR SA single carrier, the concern may be from the collision case handling of L1-RSRP report or L1-SINR report when AP SRS is scheduled in the same symbol. The following is found in TS 38.214 [3]. 
 TS 38.214 v16.7.0
[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent or periodic SRS is configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 

In our understanding, normally the SRS transmission for antenna port switching is used for DL CSI acquisition. Therefore, normally gNB should be able to schedule aperiodic SRS away from PUCCH/PUSCH carrying CSF for the case of single carrier. 
Moreover, since there would be no co-ordination between MCG MAC and SCG MAC on the information whether aperiodic SRS is scheduled for the case of DC, in our view even if interruption requirement is defined for the aperiodic SRS case, it can be very difficult to test it. Therefore, in our view some clarification is needed on the L1-RSRP/L1-SINR requirements on the aperiodic SRS case.
Note that for the CA case, whether SRS and PUSCH/PUCCH are transmitted in the same symbol is subject to UE capability, as defined in TS 38.214. 
Proposal 2  For aperiodic SRS transmission, clarify in the spec by adding a note for L1-RSRP/L1-SINR measurement period requirements, 
‘Note: Longer measurement period is expected if semi-persistent/periodic L1-RSRP or L1-SINR report is scheduled in the same symbol with aperiodic SRS in the same carrier’
Note that all above collision handling rule only applies for SRS transmission and the guard period defined in clause 6.2.1.2 in TS 38.214. For SRS antenna switching, if a band is indicated in the txSwitchWithAnotherBand, then it is unclear from RAN1 spec whether collision handling rules for SRS transmission still applies for the corresponding antenna switching period, i.e. the transient period. For SRS carrier switching, the collision case and the prioritization rule is already specified in TS 38.214 and TS 38.133. In our understanding, the purpose of SRS antenna port switching is to provide DL CSI in DL-UL-reciprocal channel, and it should not be prioritized over some other procedures, e.g.
· PUSCH/PUCCH transmission with priority index 1 or DL pre-emption transmission
· PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH
· PUSCH transmission carrying aperiodic CSI (if periodic/semi-persistent SRS resources are configured)
Proposal 3  Send LS to RAN1 to check the prioritization rule for SRS antenna switching, i.e. whether the prioritization rule defined for SRS transmission and guard periods also applies for the transient periods, especially for CA/DC case and the corresponding UL band is indicated in txSwitchWithAnotherBand.
A draft of this LS is provided in the appendix.
For the collision between SRS and the DL RS for L1 measurements, in last meeting agreements, the RLM/BFD/CBD are prioritized over SRS antenna switching. Similar approach should be adopted for the L1-RSRP/L1-SINR measurements.
Proposal 4  UE is not required to perform SRS antenna port switching when SRS resource and the DL RS for NR L1-RSRP/L1-SINR measurements are scheduled in the same OFDM symbol in CA/DC.

Discussion on interruption requirement applicability
In last meeting, the following agreements has been achieved.
Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· FFS
· Option 1 (CATT): 
· Only defining the requirements for the scenario that the SRS resources of a set are transmitted in the same slot with consecutive SRS transmission.
· Option 2 (Nokia, Ericsson): 
· RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted NOT in the same slot, or 
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission
· RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.    
· Option 3 (Apple, Xiaomi, Huawei, QC, vivo, CATT):
· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 3a: define interruption requirements for a limited set of SRS configurations

Issue 1-3-1: Interruption requirement applicability
Discussion in GTW (Aug 17):
· Chair: Common understanding that txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only. No common understanding if interruptions should be limited to one direction (DL or UL) or both DL and UL. Recommend to continue discussion.
· Agreements in 2nd round 
· According to RAN2 capability definition, txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only. If any issue is identified, this conclusion could be revisited.

Issue 1-3-2: Interruption requirement for UE with or without per-FR MG capability
· Agreements in 2nd round
· No need to differentiate the requirement for the UE with or without capability of per-FR gap for SRS antenna port switching in RAN4. 
· But the requirement applicability needs to be clarified that “for interruption caused by SRS antenna port switching, the victim CC would be based on indication of txSwitchImpactToRx or txSwitchWithAnotherBand regardless of per-FR MG capability”.

Issue 1-3-3: Would the interruption requirement differentiate between sync and async cases?
· Agreements in 2nd round 
· RAN4 to specify interruption requirement design for async case first
· FFS on whether and how to specify interruption requirement design for sync case

Issue 1-3-4: txSwitchImpactToRx for intra-band case
· FFS:
· Option 1: No need to have clarification for txSwitchImpactToRx with intra-band contiguous CA and intra-band non-contiguous CA case.
· Option 2: Clarify that For intra-band case, the interruption always applied.

Note that it is agreed to specify interruption requirements for the async case first. However, our understanding to issue 1-1-2 in last meeting is also related to this issue. 
Recalling from the interruption defined for SRS carrier switching, the worst case, i.e. 6 symbols for SRS transmission, is considered. Besides SRS transmission, the actually interruption was due to the RF re-tuning for the carrier switching. However, the situation is different for SRS antenna switching. The cause of interruption is mainly antenna switching time, which is captured as ‘transient period’ in RF specs. Compared to the re-tuning time, this ‘transient period’ is much shorter and it is not proper to consider the worst case, i.e. 6 symbols for SRS transmission.
Observation 1  The transient period considered for SRS antenna switching is much shorter than the RF re-tuning time considered for SRS carrier switching.
Moreover, SRS carrier switching is for the DL-only CA, and most likely being triggered either in a large periodicity or in aperiodic manner. However, SRS antenna switching discussed in this WI is mainly for the corresponding DL carrier which is configured with CSI reports, and is essential in gNB scheduling. In other word, the precision of acquired DL CSI needs to be ensured at least on this carrier. Therefore, the use cases should at least include the case of periodic SRS for antenna switching with smaller periodicity, e.g. 40 slots. Moreover, the UL resources are very important for this case, and normally it is not practical to assume that 6 UL symbols will be used for SRS transmission
Observation 2  The use case of SRS antenna switching discussed in the R17 FeRRM WI is different from SRS carrier switching discussed in R16. 
With above in mind, normally the UL symbols configured for SRS antenna switching will be limited. To reduce effort in the requirement discussion, it is suggested to focus on the simplest case first. Considering SRS transmission and the transient period for antenna switching, the number of consecutive symbols for SRS in a slot comprising UL symbols is no more than X, and X = 2 is preferred.
Proposal 5  In R17 feRRM WI, the number of consecutive symbols for SRS transmission configured in a slot comprising UL symbols is no more than X, and X = 2 is preferred.
Note that for X > 2, it is proposed not to define requirements in R17. RAN4 may come back to those cases in future release.
For intra-band CA case, in our understanding, the Tx-switch impacting Rx is always valid if corresponding signalling is indicated. Note that the collision handling between SRS and UL signals is already specified in RAN1 specs and there is no differentiation between contiguous case and none contiguous case. Regarding the handing between DL signal and SRS antenna switching, this is similar to the case when we discuss the impact to NR measurements. In our view, for intra-band CA case interruption is always applied and it would be better to capture this in spec.
Proposal 6  Clarify that for intra-band case, the interruption to DL is always applied.
Discussion on interruption requirement design
In last meeting, the following was discussed.
Issue 1-4-1: The interruption requirement is defined based on slot level or symbol level
· FFS
· Option 1 (CATT, Apple, vivo, QC, Xiaomi, MTK, Intel, HW, OPPO): based on slot level
· Option 1a (CATT): The interruption requirements will be defined based on slot level, i.e. no requirement for the case of interruption on flexible slot. It is not necessary to further discuss on components of making interruption if the interruption requirements are defined based on slot level.
· Option 1b (vivo): The interruption requirement is preferred to be defined based on slot level. The mis-alignment in the UL frame boundary between anchor and victim cells needs to be further discussed.
· Option 1c(LG): Slot based interruption requirement could be used in synchronous and asynchronous case, and only UL symbols based interruption should be defined when SRS antenna port switching is configured in the flexible slot in synchronous case.
· Option 2 (Ericsson, Nokia): based on symbol level
· Option 2a (Nokia): The transient period before and after the SRS resource will cause UL interruption of 1 OFDM symbol at 60kHz. At 15kHz or 30kHz SCS, RAN4 should discuss if and how to capture the transient periods from RF session in the RRM specifications.

Firstly, since it was agreed to define SRS antenna switching for the async case first, there could be no synchronization assumed between the anchor cell and the victim cells. In this case the interruption can only be defined based on slot level.
Since SRS antenna switching is only clarified in FR1, there is no need to consider SCS > 60kHz. If proposal 5 is adopted, in our view, there is no need to consider interruption for more than 2 slots. In this case, even for 60kHz SCS, 0.5ms interruption will be allowed for the maximum 4-symbols duration considered for interruption.
Proposal 7  The interruption requirement is preferred to be defined based on slot level.
Proposal 8  The maximum interruption for SRS antenna switching is 2 slots for all kinds of subcarrier spacing in FR1.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  Do not capture the performance degradation in TS 38.133. If LS to RAN1 is sent in this meeting, inform RAN1 about the performance degradation.
Proposal 2  For aperiodic SRS transmission, clarify in the spec by adding a note for L1-RSRP/L1-SINR measurement period requirements, 
‘Note: Longer measurement period is expected if semi-persistent/periodic L1-RSRP or L1-SINR report is scheduled in the same symbol with aperiodic SRS in the same carrier’
Proposal 3  Send LS to RAN1 to check the prioritization rule for SRS antenna switching, i.e. whether the prioritization rule defined for SRS transmission and guard periods also applies for the transient periods, especially for CA/DC case and the corresponding UL band is indicated in txSwitchWithAnotherBand.
Proposal 4  UE is not required to perform SRS antenna port switching when SRS resource and the DL RS for NR L1-RSRP/L1-SINR measurements are scheduled in the same OFDM symbol in CA/DC.
Observation 1  The transient period considered for SRS antenna switching is much shorter than the RF re-tuning time considered for SRS carrier switching.
Observation 2  The use case of SRS antenna switching discussed in the R17 FeRRM WI is different from SRS carrier switching discussed in R16. 
Proposal 5  In R17 feRRM WI, the number of consecutive symbols for SRS transmission configured in a slot comprising UL symbols is no more than X, and X = 2 is preferred.
Proposal 6  Clarify that for intra-band case, the interruption to DL is always applied.
Proposal 7  The interruption requirement is preferred to be defined based on slot level.
Proposal 8  The maximum interruption for SRS antenna switching is 2 slots for all kinds of subcarrier spacing in FR1.
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Annex
Title:	[DRAFT]LS on prioritization rules of SRS antenna port switching in CA/DC
Response to:	
Release:	Rel-17
Work Item:	NR_RRM_enh2-Core

Source:	RAN WG4
To:	RAN WG1
Cc:	
Contact Person:	
Name:	Yanliang SUN	
E-mail Address:	 yanliang.sun@vivo.com
Attachments:	

1. Overall Description:
RAN4 has discussed the RRM requirements for SRS antenna port switching and RAN4 has identified questions about prioritization rules on SRS antenna port switching in CA/DC scenarios, if the corresponding UL band is indicated in txSwitchWithAnotherBand.
The transient period for SRS antenna switching was defined in R16. RAN4 observed potential performance degradation on the symbols before and after SRS transmission for the cell with SRS antenna port switching. On the other hand, for SRS transmission and SRS carrier switching, the collision cases and the prioritization rules are already specified in TS 38.214. However, for SRS antenna port switching, the prioritization rule specified in RAN1 spec seems comprising only for SRS transmission time and the guard period. It is unclear that from RAN1 spec, whether such transient period is counted in SRS transmission or guard period for the aforementioned prioritization rules. 
Therefore, RAN4 respectfully ask RAN1 the following questions.
Q1: Whether the transient period equals to the guard period specified in clause 6.2.1.2 of TS 38.214 or not?
[bookmark: _GoBack]Q2: For SRS antenna port switching in CA/DC scenarios, if the corresponding UL band is indicated in txSwitchWithAnotherBand, whether SRS transmission and the associated transient period in one of the active serving cells can be prioritized over the following transmissions/receptions on any other active serving cells?
•	PUSCH/PUCCH transmission with priority index 1 or DL pre-emption transmission
•	PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH
•	PUSCH transmission carrying aperiodic CSI (if periodic/semi-persistent SRS resources are configured)

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to provide feedback on these issues.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #101e-bis	17-25, Jan, 2022	Online
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