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1. Introduction
The requirements of SRS antenna switching were discussed in the last RAN4 meeting, and the agreements and open issues are captured in the WF [1]. There are still some open issues left unsettled, in terms of scheduling restriction, impact to other requirements, and framework of interruption requirements, etc. In this paper, we further provide our views on these left issues.
2. Discussion
2.1 Scope of SRS antenna switching requirements
The progress related to the SRS antenna switching requirements are summarized as follows:
	· Issue 1-1-1: whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
· FFS
· Option 1 (CATT, CMCC, QC): Don't define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching.
· Option 2 (Ericsson): Yes
· Option 2a (Apple, OPPO (for further investigation)): UE has scheduling restriction to not transmit PUCCH/PUSCH/SRS or not receive SSB/PDCCH/PDSCH/TRS/CSI-RS for CQI on symbols for SRS antenna port switching guard period, and on symbols for SRS transmission for antenna port switching, and on 1 data symbol before SRS transmission and 1 data symbol after SRS transmission. 
· Option 2b (NEC, HW, Intel, vivo, Apple, LG, MTK, Ericsson, Xiaomi): RAN4 to agree that one OFDM symbol before and after the SRS antenna port switching shall be introduced as scheduling restriction for FR1.
· Option 2c (HW, MTK, Xiaomi, NEC, Intel, vivo , Apple, Ericsson): The scheduling restriction shall be defined before and after SRS transmission considering the 15 us SRS antenna switching time.
· Option 3 (Nokia): The position of the transient period needs to be clarified before defining the interruption and the scheduling restriction in RRM spec.
· Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· FFS:
· Option 1 (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 gets clarified in RAN1 in this scenario.  



For whether to have scheduling restriction requirements for the carrier where SRS antenna port switching is performed, most companied are aligned regarding the motivation that antenna switching may have impact on symbols before and after the SRS resource, while companies hold different views about whether there is need to define such scheduling restriction requirements in RRM spec since there are transient period requirements already defined in RF requirements. 
One thing should be clarified at the very beginning is that the case here for aggressor CC is different from the interruptions on victims CCs. When considering the interruptions on victim CCs, no matter whether slot level or symbol level requirements are assumed, most companies suggest to consider the SRS transmission as the last 6 OFDM symbol. It makes sense that there may be RTD and TA among different CCs and it is hard to locate the impacted symbols of a particular SRS resource. However, for scheduling restriction on the aggressor CC, NW and UE have consistent understanding of the precise position of the SRS AS resource and impacted symbols. Then, the impact on symbols due to SRS AS on the aggressor CC shall be considered based on the SRS resource instead of whole last 6 symbols. We give an example as follows, the SRS AS resource is configured at (#9, #11), then actually impacted symbols are #8#10#12. If we always assume the SRS transmission is equal to the last 6 OFDM symbols, then the impacted symbols are #7 and #0 in the next slot, which is not aligned with the real cases, which is shown in the following Fig 1.
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Fig.1 Impacted symbols of aggressor CC
Proposal 1: The impact of SRS AS on aggressor CC shall be considered based on the SRS AS resource instead of the fixed 6 OFDM symbols.
 Regarding whether to define scheduling restrictions on aggressor CC due to SRS AS. For the current scheduling restriction requirements defined in TS 38.133, they are either caused by ability to support different SCS or timing difference among CCs when performing neighbour cell measurement. For SRS AS, it is already defined in the RF spec, where consecutive transmission of PUCCH/PUSCH and SRS are already considered, which means it is not necessary to avoid scheduling on these symbols but only degradation of EVM could be expected. So there is no need to further restrict the scheduling on these symbols in addition in RRM spec. If necessary, clarifications about performance degradation on these symbols could be captured in the spec.
Observation 1: There is no need to restrict scheduling on symbols before and after SRS AS resource in addition to RF requirements where consecutive scheduling is already considered. 
Proposal 2: No need to define scheduling restriction on SRS AS carrier on symbols before and after SRS AS resource. Performance degradation on these symbols could be expected.
	TS38.101-1
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Figure 6.3.3.7-2: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS, when sounded on a different antenna (Ant 'x' and Ant 'y' are different antenna ports)




2.2 Impact of SRS antenna port switching to other requirements
The current status with remaining issues are summarized as follows:
	· Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA 
· Agreement: No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized.
· The above-mentioned NR measurement requirements includes serving/neighboring cell L3 measurement requirements 
· FFS on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements
· Issue 1-2-3: Impact of SRS antenna port switching to RRM requirements in NR-DC
· FFS:
· Option 1 (Apple, CATT, NEC, HW, vivo, QC, LG, Xiaomi, OPPO, Ericsson): No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized 
· Option 1a (MTK):In the same CG, no impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized. No requirement is defined for SRS antenna port switching impacts cross CGs.
· Option 2 (Nokia): Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.
· Issue 1-2-4: Impact of SRS antenna port switching to other specific RRM requirements
· FFS:
· Option 1 (CATT, Apple/OPPO(NR based), Ericsson(in same CG)): The requirement for handover, BWP switching, SCell activation/deactivation should not be impacted by SRS antenna port switching.
· Issue 1-2-7: Impact of SRS antenna port switching to CSF and other RS
· FFS
· Option 1 (QC, Apple, OPPO): 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 2 (vivo) Scheduling of SRS antenna switching should avoid collision to the following:
· 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)



Regarding the impact to other requirements, the principle is to follow the same rules as SRS carrier switching. For NR-SA, it is agreed that the NR measurement shall not be impacted as the NR measurements are always prioritized. The remaining issue is whether L1 measurement are also included. If we look at the requirements for NR SRS carrier switching, it is defined that one of the conditions is that the SRS switching is not colliding with any SSB/CSI-RS based L3 measurements and the measurements for RLM/BFD. So it is reasonable to following the same principle that the NR measurement include serving/neighbouring cell L3 measurement requirements and RLM/BFD/CBD and L1-RSRP/L1-SINR.
Proposal 3: For NR-SA, NR measurement are always prioritized including serving/neighbouring cell L3 measurement requirements, L1-RSRP/L1-SINR and RLM/BFD/CBD measurement.
For NR-DC, one issue is the prioritizing rules shall apply to the same CG or cross CGs. Same as SRS carrier switching, it is reasonable to limit it within the same CG as the negotiation among two CGs maybe not tight enough.
Proposal 4: For NR-DC, NR measurement shall always be prioritized within the same CG.
Another issues regarding the impact to other requirements is when considering jointly with handover, BWP switching, SCell activation/deactivation. Firstly, we are not well clear about the motivation of the proposal in the last meeting. There are numerous of procedures and requirements also included in the RRM spec, e.g. TCI state switch, CGI reporting. Does this means the priority of SRS AS is only lower than HO, BWP switching and SCell activation/deactivation but higher than all other remaining procedures? Secondly, we even don’t have some rules about the priority when jointly considering multiple existing requirements, e.g. we don’t define the requirements about whether the interruption due to BWP switch could apply when there is SCell activation procedure, not to mention there could be combination with more procedures and requirements. 
Observation 2: There are no prioritizing rules for the existing requirements and procedures considering all the combinations.
Proposal 5: RAN4 not to define prioritizing rules of SRS antenna switching and other specific RRM requirements except for the NR measurements.
Another issue is about the scheduling of SRS antenna switching shall avoid particular RS or PUSCH/PUCCH. From our views, it should be analyzed in two aspects. When we are talking about the scheduling of SRS antenna switching, one interpretation is about the carrier where SRS AS is performed, another one is about the carrier where SRS AS is performed and also the impacted carriers. Consider the collision of SRS AS and PUCCH/PUSCH on the carrier where SRS AS is performed, the priority rules are already defined in TS38.214 as follows. If we consider the impacted carrier, it seems that the discussion is about whether the interruptions could be applied when certain transmission will be interrupted. It is over complicated for both UE and network side. From UE side, it needs to calculate all the possible interruption cases on each victim CCs before SRS AS when the transmission (e.g. PUCCH/PUSCH and carried information) could be changing time to time. And the situation is similar from NW side, also considering the impact of timing difference among CCs.
	[bookmark: _Hlk498636457][bookmark: _Hlk498636712]TS 38.214
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 case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by UE, the UE is not expected to be configured with SRS from a carrier and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats from a different carrier in the same symbol.



Observation 3: There is no precedent on defining the rules whether the interruptions could be applied when certain transmission will be interrupted, and it is over complicated from both UE and NW side.
Proposal 6: Not to define the rules to avoid collisions except what has been define in RAN 1 and NR measurement.
2.3 Interruption requirement applicability
About the interruption requirement applicability, there was discussion about the indication about the SRS AS txSwitchImpactToRx or txSwitchWithAnotherBand. Some companies argued that from the testability perspective, both downlink and uplink interruptions will lead to missing ACK/NACK in the test, then it is proposed that the interruption shall apply to both UL and DL indicated by the above two indicators. From our understanding, the original meaning and definition of this two capability indications are changed due to test case procedure. It is clearly defined in TS 38.306 that these two indicators represents the impacted DL and UL separately. 
	TS 38.306
-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signaling;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signaling.



Observation 4: The definition of txSwitchImpactToRx and txSwitchWithAnotherBand should not be modified in RAN4 only from test perspective.
If for a particular band, the DL and UL are both impacted, UE shall indicate it via txSwitchImpactToRx AND txSwitchWithAnotherBand. 
Proposal 7: txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only.

2.4 Interruption requirement design
Regarding the details of interruption requirements, the most controversial issue is whether to define interruption requirements in slot level or symbol level. Different from the analysis above about the scheduling restriction on aggressor CCs, it is hard to allocate the precise impacted symbols among victim CCs due to MRTD and TA. Though the actual duration of antenna switching is much less than the length of a slot, as there is no reliable test method to verify the symbol level interruption, the promising way is to define the interruption requirements based on slot level. Then this is also no need to differentiate the sync case and async case. 
Proposal 8: The interruption requirements are defined in slot level based on 2*15us and 6 symbol time.
To be specific the interruption requirements are defined in the following table depending the SCS of aggressor CC and victim CCs.



Table I Interruption requirement in number of slots
	
	Aggressor CC SCS(kHz)

	Victim CC SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	2



Proposal 9: Define the interruption requirements as Table I above.

3. Conclusions
Proposal 1: The impact of SRS AS on aggressor CC shall be considered based on the SRS AS resource instead of the fixed 6 OFDM symbols.
Observation 1: There is no need to restrict scheduling on symbols before and after SRS AS resource in addition to RF requirements where consecutive scheduling is already considered. 
Proposal 2: No need to define scheduling restriction on SRS AS carrier on symbols before and after SRS AS resource. Performance degradation on these symbols could be expected.
Proposal 3: For NR-SA, NR measurement are always prioritized including serving/neighbouring cell L3 measurement requirements, L1-RSRP/L1-SINR and RLM/BFD/CBD measurement.
Proposal 4: For NR-DC, NR measurement shall always be prioritized within the same CG.
Observation 2: There are no prioritizing rules for the existing requirements and procedures considering all the combinations.
Proposal 5: RAN4 not to define prioritizing rules of SRS antenna switching and other specific RRM requirements except for the NR measurements.
Observation 3: There is no precedent on defining the rules whether the interruptions could be applied when certain transmission will be interrupted, and it is over complicated from both UE and NW side.
Proposal 6: Not to define the rules to avoid collisions except what has been define in RAN1 and NR measurement.
Observation 4: The definition of txSwitchImpactToRx and txSwitchWithAnotherBand should not be modified in RAN4 only from test perspective.
Proposal 7: txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only.
Proposal 8: The interruption requirements are defined in slot level based on 2*15us and 6 symbol time.
Table I Interruption requirement in number of slots
	
	Aggressor CC SCS(kHz)

	Victim CC SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	2



Proposal 9: Define the interruption requirements as Table I above.
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