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1. Introduction
In RAN4#101e meeting, a WF on SRS antenna port switching of Rel-17 FeRRM was approved [1]. In this contribution, we focus on the open issues of SRS antenna port switching and provide our views.
2. Discussion
Sub-topic 1-1: Scope of SRS antenna switching requirement
RAN4 agreed not to 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. The performance degradation can be expected on 1 OFDM symbol before and after each SRS resource configured for antenna switching which is not overlapped with the guard period defined in TS 38.214 on the carrier where SRS antenna switching occurs. The clarification in TS 38.133 may not be contradictory. One note could be captured in RRM spec to allow potential performance degradation on these symbols.
Proposal 1: Define the requirement clearly in TS 38.133 that no scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols are expected, but performance degradation on these symbols can be allowed.
Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· Option 1 (CATT, Apple, Xiaomi, LGE, OPPO, HW, Intel, QC, MTK, ZTE,):
· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 2 (Nokia): 
· RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission, or
· The SRS resources of a set are transmitted in separate slots.
· 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 (Ericsson):
· define requirements under the assumption that SRS symbols are configured on consecutive symbols (with 1 symbol guard period between SRS symbols). 
· Option 4(vivo):
· 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.


We can also support RAN4 to define a generic requirement regardless of SRS resource configuration, e.g., interruption requirements for a limited set of SRS configurations.
Proposal 2: RAN4 to define a generic requirement regardless of SRS resource configuration, e.g., interruption requirements for a limited set of SRS configurations.
Sub-topic 1-2: Impact of SRS antenna port switching to other requirements
	Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA
· Option 1 (CATT, Nokia): UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with L1-RSRP/L1-SINR measurement, and the L1-RSRP/L1-SINR measurement will be interrupted when overlapping with aperiodic SRS transmission.
· Option 2 (Apple, Nokia): UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol; otherwise, NR SRS antenna port switching shall be prioritized.
· Option 3(QC): 
· Network should avoid scheduling conflict aperiodic SRS antenna switching and L1-RSRP measurement. When the collisions happen, it’s up to UE implementation for collision resolution.
· Network should avoid scheduling conflict periodic SRS antenna switching and L1-RSRP measurement. If the network side solution is not feasible, the following requirement apply. UE can drop periodic SRS antenna switching when it conflicts with L1-RSRP measurement. L1-RSRP measurement requirement still applies.
· Option 4 (Intel, HW, OPPO): Impact of SRS antenna port switching to RRM requirements in NR-SA will be:
· The SRS antenna port switching is not colliding with any other transmission with higher priority defined in TS 38.214 [26].
· The SRS antenna port switching is not colliding with any SSB/CSI-RS based L3 measurements and the measurements for RLM/BFD, L1-RSRP/L1-SINR.
· Option 5 (MTK, Nokia): When SRS resource collides with L1-RSRP/L1-SINR RS, whether to transmit SRS resource is determined by the same rule between the SRS resource and the associated L1-RSRP/L1-SINR reporting type defined in section 6.2.1.3 of TS 38.214.
· For NR-SA, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol. Otherwise, UE is required to perform SRS antenna port switching.
· Option 6 (vivo): 
· 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’
· 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.
· Option 7 (Nokia): 
· Do not define the priority in RAN4 when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol.
· 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


For NR SA, EN-DC, NE-DC and NR-DC, RAN4 agreed that 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, as NR measurements are always prioritized. And RAN4 will not define prioritizing rules of SRS antenna switching and other specific RRM requirements except for the NR measurements.
For the case SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol, in our view, it can be maintained by network scheduling to avoid such collision with L1 measurement. Similar to the impact of SRS antenna port switching to CSF and other RS, we also propose that 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.
Proposal 3: NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
Proposal 4: Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report.
For other specific RRM requirements such as the requirements for handover, BWP switching, SCell activation/deactivation, should not be impacted by SRS antenna port switching. They only apply when no SRS antenna port switching occurs during those RRM activities.
Proposal 5：RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only apply when no SRS antenna port switching occurs during those RRM activities.
Sub-topic 1-3: Interruption requirement applicability
	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.
Table 2 Interruption length for UL+DL slot configuration in the synchronous case
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	1
	1
	1

	30
	1
	1
	1

	60
	2
	1
	1


· Option 2 (Apple, QC, MTK, HW, Xiaomi, Intel, ZTE, OPPO): No need to further discuss a separate interruption requirement for sync cases.


In our view, there is no need to further discuss a separate interruption requirement for sync cases. The same principle for SRS carrier switching shall be applied for SRS antenna switching that sync and async may have the same interruption. 
Proposal 6: The same interruption requirements apply for sync and async cases.
Sub-topic 1-4: Interruption requirement design for SRS antenna port switching
	· 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


The interruption includes at least antenna switching time and SRS transmission time. We think the transient periods before and after SRS transmission slot need also to be considered as interruption. The composites of interruption requirement for SRS antenna port switching in FR1 include antenna switching time before and after SRS transmission occasion (2*15us) and SRS Transmission time. For either 6 SRS symbols or 1SRS symbol, the same interruption requirement should be defined for the two scenarios in slot level.
The interruption requirement of SRS antenna port switching is summarized as:
	Victim CC SCS(kHz)
	Aggressor CC SCS (kHz)

	
	15 
	30
	60

	15 (NR or LTE)
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3

	Note: Unit of interruption requirement is slot for NR and subframe for LTE.


Proposal 7: For either 6 SRS symbols or 1SRS symbol, the same interruption requirement should be defined for the two scenarios in slot level..
Sub-topic 1-5: Others
	Issue 1-5-1: Interruption requirement related with prioritization rule in RAN1 
· 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.
Issue 1-5-3: Two SRS colliding on same symbol 
· Option 1 (Apple, QC, HW, vivo, LGE, ZTE, OPPO, CATT, Nokia): This is up to RAN1 discussion, and no need to discuss this case in RAN4.
· Option 2 (MTK, Ericsson): For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior are scheduled on the same OFDM symbol:
· For UE not supporting R17 feMIMO, whether to transmit the SRS is up to UE implementation.
· For UE supporting R17 feMIMO, follow the priority rule defined in RAN1 in R17, if any.  


SRS antenna switching scheduling and execution should follow RAN1 and RAN4 agreed rules. UE behavior already defined in RAN1 shall not be changed, which may cause NBC issue. If the case has no priority rule defined in TS 38.214 and not colliding with any NR measurements, UE is allowed to cause the interruption on the other CC(s).
Proposal 8: 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.
3. Conclusion
In this contribution, we proposed our views on SRS antenna port switching requirements.
Proposal 1: Define the requirement clearly in TS 38.133 that no scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols are expected, but performance degradation on these symbols can be allowed.
Proposal 2: RAN4 to define a generic requirement regardless of SRS resource configuration, e.g., interruption requirements for a limited set of SRS configurations.
Proposal 3: NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
Proposal 4: Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report. 
Proposal 5：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.
Proposal 6: The same interruption requirements apply for sync and async cases.
Proposal 7: For either 6 SRS symbols or 1SRS symbol, the same interruption requirement should be defined for the two scenarios in slot level.
Proposal 8: 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.
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