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1. Introduction
In RAN4#98bis-e meeting, we discussed the SRS antenna port switching, and approved a way forward [1]. Some agreements have been reached for following issues:
Issue 1-1-1: whether delay requirement would be defined in RRM for SRS antenna port switching
· Do not define SRS antenna port switching delay requirement in RRM
· There are no further scheduling restrictions for SRS symbols in addition to the restrictions defined in RAN1 specifications
Issue 1-1-2: RAN4 defines the requirement only for SRS antenna port switching in FR1 or in both FR1 and FR2 
· Define the RRM requirements at SRS antenna switching only for FR1 unless the transient period in FR2 gets clarified in RF session (the scope of “RRM requirements” here depends on the conclusions from issue 1-1-1)
Issue 1-2-1: Interruption requirement applicability
· The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand.
Issue 1-2-3: Would the interruption requirement based on different SCS?
· Interruption requirement is based on the aggressor CC and victim CC SCS.

More issues are FFS and have multiple options. This document will further discuss the issues for SRS antenna port switching and present our understanding and proposals.

2. Discussion
The following issues have not reached agreements. Here we will discuss these issues and present our understanding one by one.
Issue 1-1-1: whether delay requirement would be defined in RRM for SRS antenna port switching
· FFS whether and how to define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching
In RF specification [2, 38.101-1], the location and length of transient periods have been defined when transmiting SRS with and without antenna port switching, i.e.,  15µs or 10µs. UE can and will transmit the symbols before and after SRS transmission for the cell with SRS antenna port switching within the transient period if they are scheduled, and network know these symbols will be transmited within the transient period. We think whether and how to schedule these symbols should be left to network to decide, and no need to define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching.
Proposal 1: Don't define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching.

Issue 1-1-3: Impact of SRS antenna port switching to other RRM requirements
It is FFS and having 8 options for this issue in way forward [1]. In physical specification [3, 38.214], there are following rules for SRS transmitting:
[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are 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.
In case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PRACH transmissions are not supported by UE, the UE shall not transmit simultaneously SRS resource(s) from a carrier and PRACH from a different carrier. 

From these rules, we can see that the priority of SRS transmit is lower. The SRS antenna port switching should not be expected to occur at the same time as handover, BWP switching, SCell activation/deactivation. If they are configured overlapped and impact the UE behaviour, UE should drop the SRS transmission. The requirements for handover, BWP switching, SCell activation/deactivation should not be impacted.
Proposal 2: The requirement for handover, BWP switching, SCell activation/deactivation should not be impacted by SRS antenna port switching.
It is agreed that the interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand. In last meeting, we discussed and proposed that the timing measurement should not be impacted by SRS antenna port switching. The other RRM measurements may only be impacted on the impacted carriers based on the capability reported by UE. But the priority between SRS antenna port switching and RRM measurement should be discussed. We can have the following proposal:
Proposal 3: The impact on RRM measurement requirement should also be based on txSwitchImpactToRx or txSwitchWithAnotherBand capability reported by UE, and based on the priority rule. It may have several options to be selected:
1) All RRM measurements have higher priority than SRS antenna port switching, i.e. no impact on RRM measurements.
2) NR RRM measurements have higher priority than SRS antenna port switching, no impact on NR RRM measurement, but having impact on E-UTRAN RRM measurement if it is indicated to be impacted based on the reported UE capability.
3) All RRM measurements have lower priority than SRS antenna port switching, having impact on RRM measurement if the carrier is indicated to be impacted based on the reported UE capability.
We prefer that the RRM measurement can be set higher priority and is not impacted by SRS antenna port switching. If it is decided that the impact on RRM requirement should be considered, two methods can be adopted to define RRM requirements, i.e.
· Adding declaration of “the requirement only applies when SRS antenna port switching is not collided with the reference signal” or
· Adding declaration of “an additional delay can be expected if the measurement is collided with SRS antenna port switching and the carrier to be measured is impacted based on the reported UE capability txSwitchImpactToRx or txSwitchWithAnotherBand”.

Issue 1-2-1: Interruption requirement applicability
It is FFS that SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand. We think the UE antennas are generally common for transmitter and receiver. The SRS antenna switching interruptions should be on both DL and UL if the band is indicated to be impacted.
Proposal 4: It should be assumed that the SRS antenna switching interruptions should apply on both DL and UL if the band is indicated to be impacted based on the reported UE capabilities.

Issue 1-2-2: whether same interruption requirement applies to different SRS antenna port  
It is presented that the interruption could be different according to ‘resourceType’ as option 2 in WF [1]. The  ‘resourceType’ has three options, i.e. 'aperiodic', ‘periodic’ and ‘semi-persistent’. We think the interruption should be defined as the time interrupted by SRS antenn port switching within each slot. From the perspective of the SRS antenna port switching in each slot, there is not difference for different ‘resourceType’. So we support option 1.
Proposal 5: Using same set of requirements for different SRS antenna switch patterns. 

Issue 1-2-4: Would the interruption requirement differentiate between sync and async cases?
The impact is only 15µs at the start of slot after SRS antenna port switching slot for sync case. The performance of this slot may be degraded, but it can still be work. If the slot interruption is allowed, UE may drop this slot fully. The loss is big. We perfer to define the interruption requirement differentiated between sync and async cases.
Proposal 6: Define different interruption requirements between sync and async cases.

Issue 1-2-5: Interruption requirement for UE with or without per-FR MG capability
By our understanding, per-UE or per-FR gap capability is relative with whether having cross interference between FR1 and FR2 receiver when the work state changes, e.g. trun on/off and change frequency. For SRS antenna port switching, it only changes antenna connected with transmitter, no frequency change, no turn on/off generally. The impact depends on whether the antenna used for SRS transmission is common, and does not depend on per-UE or per-FR gap capability.
About how UE report it’s capability, we think it is UE vendor task. It is not necessery that RAN4 shall clarify that the indication of txSwitchImpactToRx or txSwitchWithAnotherBand is not allowed to indicate any band combination cross FR1 and FR2 if UE is capable of per-FR MG.
Proposal 7: Interruption requirement of SRS antenna port switching will not depend on per-UE or per-FR gap capability. It is not necessery for RAN4 to clarify UE reported capability.

Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
The interruption time may only include 15µs transent periods before and after SRS transmission on other antenna port. But the impact will be full slot receiving. If we consider the case of having flexible symbols within slot, the interuuption requirement will be more complex and not necessery. We prefer defining interruption requirement based on slot level. If some companies have concern based on solt level, some clarification can be added in specification, such as ‘only 15µs transent periods before and after SRS transmission on other antenna port will make interruption, and the interruption requirements are applied for full slot coding.’
Proposal 8: The interruption requirement is defined based on slot level. Some clarifications can be added in specification for the interruption requirement applicability.

Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1
The components within interruption time of SRS antenna port switching in FR1 should include the transient period for antenna switching and SRS transmission time on other antenna port (different from the normal data transmission). Y guard symbol(s) between SRS resource symbols of different antenna port which are defined in physical specification. The switching transient period can be set at any location in the guard symbol(s) by UE. So the interruption requirements should include full guard symbol(s). The SRS transmission on same antenna port with PUCCH/PUSCH (normal data transmission) will not make interruption. Considering above factors, we think the components within interruption time of SRS antenna port switching in FR1 should include all guard symbols, all SRS symbols transmitted on other antenna port, and only one transient period for switching time (15us) as figure 1.


Figure 1. The components within interruption time of SRS antenna port switching in FR1
Proposal 9: The interruption time of SRS antenna port switching in FR1 includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time. 

Issue 1-3-5: Interruption requirement proposals 
Some companies have proposed the interruption requirements in last meeting. But the proposals are not integrated. Based on above discussion, we think the interruption requirements should be based on sync/async case, Aggressor Cell SCS, Victim cell SCS, number of guard symbol and SRS symbol.
Proposal 10: The interruption requirements are proposed defined as following:
Table 1. Interruption (slot number) requirement for Synchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	4
	1
	2
	4
	1
	2
	4

	15kHz or 30kHz
	1
	1
	1
	1
	1
	1
	1
	1
	1

	60kHz
	1
	1
	2
	1
	1
	1
	1
	1
	1



Table 1. Interruption (slot number) requirement for asynchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	4
	1
	2
	4
	1
	2
	4

	15kHz or 30kHz
	2
	2
	2
	2
	2
	2
	2
	2
	2

	60kHz
	2
	2
	3
	2
	2
	2
	2
	2
	2



Issue 1-4-2: LS to RAN1 to check the prioritization rule for SRS antenna switching
We have no strong view to sent LS to ask RAN1 the prioritization rule for SRS antenna switching. As discussed in issue 1-1-3, the physical layer specification has defined the priority rule for L1 measurement, report, and PUSCH/PUCCH transmission for CA in [3]. The issue to be checked from RAN1 and RAN2 should be the prioritization between SRS antenna port switching and L3 measurement,including intra/inter-frequency measurement, inter RAT measurement, and different carrier priority for inter-f and inter-RAT measurement. So a draft LS is presented in the annex. 
Proposal 11: It is proposed the draft LS in annex as start point for the LS sent to RAN1/2.


3. Conclusion
This document discussed the topic of SRS antenna port switching and presented following proposals:
Proposal 1: Don't define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching.
Proposal 2: The requirement for handover, BWP switching, SCell activation/deactivation should not be impacted by SRS antenna port switching.
[bookmark: _GoBack]Proposal 3: The impact on RRM measurement requirement should also be based on txSwitchImpactToRx or txSwitchWithAnotherBand capability reported by UE, and based on the priority rule. It may have several options to be selected:
1) All RRM measurements have higher priority than SRS antenna port switching, i.e. no impact on RRM measurements.
2) NR RRM measurements have higher priority than SRS antenna port switching, no impact on NR RRM measurement, but having impact on E-UTRAN RRM measurement if it is indicated to be impacted based on the reported UE capability.
3) All RRM measurements have lower priority than SRS antenna port switching, having impact on RRM measurement if the carrier is indicated to be impacted based on the reported UE capability.
Proposal 4: It should be assumed that the SRS antenna switching interruptions should apply on both DL and UL if the band is indicated to be impacted based on the reported UE capabilities.
Proposal 5: Using same set of requirements for different SRS antenna switch patterns. 
Proposal 6: Define different interruption requirements between sync and async cases.
Proposal 7: Interruption requirement of SRS antenna port switching will not depend on per-UE or per-FR gap capability. It is not necessery for RAN4 to clarify UE reported capability.
Proposal 8: The interruption requirement is defined based on slot level. Some clarifications can be added in specification for the interruption requirement applicability.
Proposal 9: The interruption time of SRS antenna port switching in FR1 includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time. 
Proposal 10: The interruption requirements are proposed defined as following:
Table 1. Interruption (slot number) requirement for Synchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	4
	1
	2
	4
	1
	2
	4

	15kHz or 30kHz
	1
	1
	1
	1
	1
	1
	1
	1
	1

	60kHz
	1
	1
	2
	1
	1
	1
	1
	1
	1


Table 1. Interruption (slot number) requirement for asynchronized network
	Victim cell SCS
	Aggressor cell SCS, number SRS symbols on other antenna port

	
	15kHz
	30kHz
	60kHz…

	
	1
	2
	4
	1
	2
	4
	1
	2
	4

	15kHz or 30kHz
	2
	2
	2
	2
	2
	2
	2
	2
	2

	60kHz
	2
	2
	3
	2
	2
	2
	2
	2
	2


Proposal 11: It is proposed the draft LS in annex as start point for the LS sent to RAN1/2.
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5. Annex
Proposed draft LS sent to RAN1 and RAN2 as following:
===
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]3GPP TSG-RAN WG4 Meeting #99-e		R4-21xxxxx
Electronic Meeting, May. 19-27, 2021

Title:	LS on prioritization rule for SRS antenna switching
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-17
Work Item:	NR_RRM_enh2-Core

[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Source:	RAN4
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]To:	RAN2, RAN1
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	

Contact person:	Qiuge Guo
	guoqiuge@catt.cn
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	-

1	Overall description
RAN4 is currently working on defining Rel-17 RRM requirements for SRS antenna port switching. RAN4 respectfully ask RAN1 and RAN2 guidance for the prioritization rule for SRS antenna port switching when it is collided with following actions on the carrier indicated to be impacted by SRS antenna port switching on one serving cell:
· With SSB/CSI-RS based L1 measurement on serving cells.
· With SSB/CSI-RS based L3 measurement for intra frequency, inter frequency, and inter RAT measurement.
· Whether the prioritization is related with carrier priority of inter frequency and inter RAT frequency.
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]What is the consideration to define the above priority when UE worked in standalone, CA, NR-DC, EN-DC, or NE-DC scenarios.

2	Actions
To RAN2 and RAN1
ACTION: 	RAN4 respectfully ask RAN1 and RAN2 give guidance for the prioritization rule for SRS antenna port switching.

3	Dates of next TSG-RAN WG4 meetings
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG4 Meeting #100-e	Aug. 16 - 27, 2021	Online
TSG-RAN WG4 Meeting #101-e	Nov. 1st - 12, 2021	Online
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