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Introduction
In RAN4 101e, the WF R4-2120295 was agreed in [1]. A draft LS was also discussed in the meeting. In this paper our views on RRM requirements impacts for SRS antenna port switching are provided.
Discussion on the applicability and impact of SRS antenna switching requirements
In RAN4 100e and RAN4 101e, the following are 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 in RAN4 100e:
· 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
Issue 1-3-1: Interruption requirement applicability
Agreements in RAN4 101e: 
The victim cells due to SRS switching shall be defined for UL interruption and DL interruption respectively, e.g. an UL interruption is allowed on any of the serving cells indicated in txSwitchWithAnotherBand, and a DL interruption is allowed on any of the serving cells indicated by txSwitchImpactToRx.
Issue 1-5-1: Interruption requirement related with prioritization rule in RAN1
· Agreements in RAN4 101e:
· RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
· FFS: Interruption of SRS antenna switching is applicable only when the interruption time is not colliding with any other transmission with higher priority defined in clause 6.2.1 of TS 38.214.

Regarding the FFS bullet, in our view there is no strong motivation 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]. If such transient period falls in guard period specified in TS 38.214, there is no performance degradation. This is already clear from RF specs. We prefer to eliminate the corresponding performance degradation in future release.
According to TS 38.214 clause 6.2.1, the collision handling rules were only specified for single carrier and UL CA. Therefore, actually there is no collision handling rules between DL carrier and UL carrier for CA, or between any two cross-CG carriers in NR-DC operation. However, for UL CA, in case the band of the victim cell is included in txSwitchWithAnotherBand, there will be interruptions no matter whether UE supports simultaneous UL transmission or not. Therefore, we propose to confirm the FFS bullet in last meeting as follows.
Proposal 1  Interruption of SRS antenna switching is applicable only when the SRS transmission time and the guard period are not colliding with any other transmission in the same carrier with higher priority defined in clause 6.2.1 of TS 38.214.
Note 1: No collision handling rule can be inferred from clause 6.2.1 of TS 38.214 for the case between DL carrier and UL carrier in NR CA, or between any two cross-CG carriers in DC.
Note 2: Interruption of SRS antenna switching is still applicable to UL CA no matter whether the collision handling case is specified in TS 38.214 or not.

Impact to L1-RSRP/L1-SINR measurement requirements
In RAN4 101e, the following is discussed or agreed.
Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA
· Option 8 (HW, Apple, MTK, Intel, vivo, OPPO): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
· Option 8a (Apple, QC): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
· No requirement applies for AP L1-RSRP/L1-SINR measurement colliding with AP SRS.
· Option 8b (Nokia): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement except:
· No requirement applies when AP NR SRS resource and the P/SP CSI-RS for NR 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 1st round: 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 1st round: Follow the conclusion from issue 1-2-1

Issue 1-2-5: Impact of SRS antenna port switching to CSF and other RS 
· Option 1 (CATT, HW, Nokia, Ericsson): RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
· Option 2 (Apple, Intel, Nokia, CATT): RAN4 to not define any solution and requirement for “SRS antenna port switching to avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report”.
· Option 3 (QC, MTK, OPPO, Intel): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed.
· Option 3a (MTK, Intel, OPPO): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed
· Option 4 (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.

For these issues, firstly we think the title of the issues needs to be clarified. Regarding the L1-RSRP or L1-SINR measurement requirements, PUCCH needs to be accounted in the requirements, since it may carry L1 reports. Note that in SSB based L1-RSRP measurement test case, PUCCH is used for carrying the periodic L1-RSRP report. The SRS may have impact to the PUCCH, which will further impact the L1-RSRP or L1-SINR measurement requirements. 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). 

For the same carrier case, the collision case handling of L1-RSRP report or L1-SINR report when AP SRS is scheduled in the same symbol is already specified in TS 38.214, and PUCCH is dropped for this case. Therefore, in our view some clarification is needed on the L1-RSRP/L1-SINR requirements on the aperiodic SRS case.
For the UL CA case, as discussed in the previous issue, interruption of SRS antenna switching is applicable to UL CA no matter whether the collision handling case is specified in TS 38.214 or not. Therefore, not only PUCCH but also PUSCH may be impacted by SRS.
Observation 1  There are some issues on the requirements for L1-RSRP/L1-SINR measurement if there is collision between AP SRS and PUCCH in the same carrier or between SRS and PUSCH/PUCCH in UL CA, even though the DL measurements are always prioritized over the SRS transmission.
In our understanding, even though L1-RSRP measurement requirements can be prioritized in principle, it would be difficult for chipset vendors to coordinate between the SRS transmission including transient periods in one carrier, and the PUSCH/PUCCH transmission in another carrier. Moreover, for CA such collision can be avoided by a better gNB. In this case, we think it would be better clarifying the impact to the L1-RSRP/L1-SINR measurement requirements by adding some notes in the WF, while leaving the legacy specs un-changed.
Proposal 2  NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement. Clarify in the WF to L1-RSRP/L1-SINR measurement period requirements, 
‘Note: Longer measurement period is expected if a PUCCH carrying the semi-persistent/periodic L1-RSRP or L1-SINR report is scheduled in the same symbol with aperiodic SRS in the same carrier, or if PUCCH/PUSCH carrying the L1-RSRP or L1-SINR report in one carrier is collided with SRS interruption time in another carrier’.
In last meeting, the following has been discussed.
Issue 1-2-4: Impact of SRS antenna port switching to other specific RRM requirements 
· Option 3 (HW, Nokia): No specification impact of impact of SRS antenna port switching to other specific RRM requirements except for NR measurement.
· Option 4 (Apple, QC, vivo, LGE, Xiaomi, ZTE, OPPO, MTK): In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching occurs during those RRM activities.
· Option 4a (Apple, QC, LGE, ZTE, Intel, vivo, Xiaomi, OPPO): In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching is configured during those RRM activities.

Based on discussion in last meeting, we see the drawbacks of option 4 and 4a. Since all RRM requirements with NR measurements involved are considered, in our view the impact to these requirements would be clear if the interruption requirements for SRS antenna switching are clearly specified. There is no need to add such clarification in spec, although technically it is the correct understanding.
Proposal 3  To the applicability of other specific RRM requirements in which NR measurements are involved, do not add any clarifications in the spec regarding whether SRS antenna port switching is configured or not.

Discussion on interruption requirement design
In last meeting, the following are agreed.
Issue 1-4-2: The components within interruption time of SRS antenna port switching in FR1
· The components of interruption time of SRS antenna port switching in FR1 are
· Antenna switching time before and after SRS transmission occasion (2*15us)
· SRS transmission time of X symbols
· Requirements would be defined for two scenarios:
· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, the configured number of SRS symbols is used as SRS transmission time
· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption of SRS transmission time

Moreover, the following has been discussed.
Issue 1-4-1: The interruption requirement is defined based on slot level or symbol level
· Option 1 (CATT, Apple, QC, CMCC, Xiaomi, LG, Intel, MTK, vivo, ZTE, HW, OPPO): based on slot level
· Option 1a (LG): If SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption should apply to only uplink symbols in the interrupted slot.
· Option 2 (Ericsson, Nokia): based on symbol level
Issue 1-3-2: Whether and how to specify interruption requirement for sync case
· Option 1 (CATT, LG, Nokia, Ericsson): Yes, define different requirements between sync and async cases. 
· Option 1a (CATT): The number of interrupted slots for sync cases will be subtracted 1 based on the requirement for async cases.
· Option 1b(LG): The same interruption length for the asynchronous case could be defined if the slot after SRS antenna port switching is the uplink slot in the synchronous case (UL+UL slot configuration).
· If the slot after SRS antenna port switching is the downlink slot (UL+DL slot configuration) in the synchronous case, the interruption length can be defined by Table 2.
· Option 2 (Apple, QC, MTK, HW, Xiaomi, Intel, ZTE, OPPO): No need to further discuss a separate interruption requirement for sync cases.

Firstly, we do not think RAN4 need to consider symbol-level interruption no matter whether the sync case or the async case is considered. The slot-level interruption requirements will be more general for all kinds of deployments.
Proposal 4  The interruption requirement is preferred to be defined based on slot level.
For scenario 1, the total length of the interruption time would be quite short, i.e. less than duration of 2 OFDM symbols. Since SRS antenna switching is only clarified in FR1, there is no need to consider SCS > 60kHz for the aggressor CC. For the aync case, even if 120kHz SCS is considered for the victim CC, 2 slots, i.e. 250us will be quite enough for the maximum 2-symbols SRS interruption time. 
For the sync case of scenario 1, the MRTD and MTTD requirements are less than the duration of one OFDM symbol for SCS<=30kHz. Therefore, if the last symbol in the slot on the aggressor CC is not considered for SRS transmission, then the case that SRS interruption time lands across the slot boundary of the victim CC can be eliminated if SCS<=30kHz for aggressor CC is considered. In other word, it is feasible to further reduce the number of interrupted slot to 1.
Proposal 5  For the async case of scenario 1, the maximum interruption for SRS antenna switching is 2 slots for all kinds of subcarrier spacing.
Proposal 6  For the sync case of scenario 1, if the last symbol in the slot on the aggressor CC is not used for SRS transmission, the maximum interruption for SRS antenna switching is 1 slots for all 15kHz and 30kHz aggressor CC SCS cases.

Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  Interruption of SRS antenna switching is applicable only when the SRS transmission time and the guard period are not colliding with any other transmission in the same carrier with higher priority defined in clause 6.2.1 of TS 38.214.
Note 1: No collision handling rule can be inferred from clause 6.2.1 of TS 38.214 for the case between DL carrier and UL carrier in NR CA, or between any two cross-CG carriers in DC.
Note 2: Interruption of SRS antenna switching is still applicable to UL CA no matter whether the collision handling case is specified in TS 38.214 or not.
Proposal 2  NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement. Clarify in the WF to L1-RSRP/L1-SINR measurement period requirements, 
‘Note: Longer measurement period is expected if a PUCCH carrying the semi-persistent/periodic L1-RSRP or L1-SINR report is scheduled in the same symbol with aperiodic SRS in the same carrier, or if PUCCH/PUSCH carrying the L1-RSRP or L1-SINR report in one carrier is collided with SRS interruption time in another carrier’.
Proposal 3  To the applicability of other specific RRM requirements in which NR measurements are involved, do not add any clarifications in the spec regarding whether SRS antenna port switching is configured or not.
Proposal 4  The interruption requirement is preferred to be defined based on slot level.
Proposal 5  For the async case of scenario 1, the maximum interruption for SRS antenna switching is 2 slots for all kinds of subcarrier spacing.
Proposal 6  For the sync case of scenario 1, if the last symbol in the slot on the aggressor CC is not used for SRS transmission, the maximum interruption for SRS antenna switching is 1 slots for all 15kHz and 30kHz aggressor CC SCS cases.
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