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1. Introduction
In RAN4#99-e meeting, we discussed the SRS antenna port switching, and approved a way forward [1]. Some agreements have been reached for following issues:
Issue 1-1-3: RAN4 requirement scope with LTE SRS antenna port switching
· LTE SRS antenna port switching is out of scope of this R17 FeRRM WI, and no need to discuss.
Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA
· 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 1-2-2: Impact of SRS antenna port switching to RRM requirements in EN-DC or NE-DC
· In EN-DC and NE-DC operation,
· NR SRS antenna switching colliding with E-UTRA measurement
· Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching, but NOT allowed due to NR SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on E-UTRA measurement in the interrupted carrier group when UE is configured to perform NR SRS antenna switching. 
· NR SRS antenna switching is allowed to be dropped when colliding with E-UTRA measurement in the interrupted carrier group.
Issue 1-2-5: Impact of SRS antenna port switching to timing requirements
· No need to consider impact to timing requirements (non-positioning related) for SRS antenna switching.
Issue 1-2-6: Impact of SRS antenna port switching to positioning related requirements
· The impact of SRS antenna switching on positioning related measurement will not be discussed in this Rel-17 FeRRM.
Issue 1-3-3: whether same interruption requirement applies to different SRS antenna port switching patterns
· use same set of requirements for different SRS antenna switch patterns.

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

2. Discussion
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Here we will discuss those issues that have not reached agreements and present our understandings one by one.
Issue 1-1-1: whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
It is FFS and there are 3 options, and option 2 has 3 sub options for the issue [1].
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. The SRS antenna port switching may only impact RF chain and transmit antenna, and doesn’t impact transmit baseband. 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 and the quality of signal may be degraded.
[bookmark: OLE_LINK115][bookmark: OLE_LINK116]For PUCCH/PUSCH transmission overlapped with SRS, the physical specification [3, 38.214] has defined the rules of how to deal with for UE, such as:
If a PUSCH with a priority index 0 and SRS configured by SRS-Resource are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 
If a PUSCH transmission with a priority index 1 or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).

......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. 

So in some cases, UE shall not transmit SRS but transmit PUCCH if they are overlaped. RAN4 should not define scheduling restriction for network. UE will transmit uplink signal according to network schedule and priority rules defined in physical specification.
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 on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols.

Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
The scope for the requirement defined in RAN4 is FFS. One proposal is that RAN4 shall define the requirements for the cases that 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, but 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 [1].
We think the RAN4 requirements for SRS antenna port switching should be interruption for other carrier in CA or DC scenarios. The requirements should be interruption time based on slot. For SRS resources of a set are transmitted not in the same slot, the interruption can be made by two SRS port switching at different slot. For specifying requirement and test of SRS port switching performance, it should be sufficient only defining the requirements for the scenario that the SRS resources of a set are transmitted in the same slot with consecutive SRS transmission.
Proposal 2: Only defining the requirements for the scenario that the SRS resources of a set are transmitted in the same slot with consecutive SRS transmission.

Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA
As extracted in introduction from [1], it is agreed that 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, but it is FFS on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements.
TDD should not have this issue due to Rx and Tx is not simultaneous. For FDD, the impact should indicates by IE txSwitchImpactToRx. As the rules axtracted in issue 1-1-1 specifcied in physical specification [3], simi-persistent and periodic SRS shall not be transmitted when overlapped with PUCCH carrying CSI report(s), L1-RSRP report(s), or L1-SINR report(s), but the aperiodic SRS will be transmitted when overlap with PUCCH carrying semi-persistent/periodic CSI report(s). So with same rule, we think the aperiodic SRS antenna port switching can impact on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements.
Proposal 3: The aperiodic SRS antenna port switching can impact on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements if the IE txSwitchImpactToRx include the working band for FDD.

Issue 1-2-3: Impact of SRS antenna port switching to RRM requirements in NR-DC
It is FFS in [1]. We think there should be No impact to NR measurement requirements in the same CG or cross CGs. If in other CG having RRM measurement, UE should drop SRS antenna port switching. About the proposal of adding one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured, we think it is not necessary due to RAN4 will define Rx interruption requirement for SRS antenna switching if txSwitchImpactToRx is configured. So the option 1 is sufficient for the issue.
Proposal 4: Option 1 is agreed, i.e. 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.

Issue 1-2-4: Impact of SRS antenna port switching to other specific RRM requirements
This issue is FFS in [1], but only one option. And it is proposed the option can be agreed.
Proposal 5: Option 1 is agreed, i.e. 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
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]As the rules axtracted in issue 1-1-1 specifcied in physical specification [3], it is defined how UE can deal with the cases when SRS transmit overlapped with PUCCH. If it is necessary to check, RAN4 can make requirements and test for the collision cases according the rule defined in clause 6.2.1 in RAN1specification[3].
Proposal 6: 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[3].

Issue 1-3-1: Interruption requirement applicability
It is FFS and having two options in [1]. By furthe check the specification, it is defined in [4, TS38.306] as :
-	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.

The option 2 seems more precise, i.e. txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only.
Proposal 7: Option 2 can be agreed, i.e. txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only.

Issue 1-3-2: Interruption requirement for UE with or without per-FR MG capability
It is FFS in [1] about how to deal with per-FR MG capability. We think the interruption requirements are defined only based on IEs of txSwitchImpactToRx or txSwitchWithAnotherBand indication. It is task of UE how to set the IEs of txSwitchImpactToRx or txSwitchWithAnotherBand. It is no need to clarify the relationship of the IEs with per-FR MG capability in RAN4 specification.
Proposal 8: The interruption requirements are defined only based on IEs of txSwitchImpactToRx or txSwitchWithAnotherBand indication. It is no need to clarify the relationship of the IEs with per-FR MG capability in RAN4 specification.

Issue 1-3-4: Would the interruption requirement differentiate between sync and async cases?
Proposal 9: It is preferred the interruption requirement can differentiate between sync and async cases to reduce the unnecessary loss of sync cases.

Issue 1-3-5: txSwitchImpactToRx for intra-band case
txSwitchImpactToRx is only used to indicate whether UL switching has impact on the DL in a band. It is related how to use band antennas and not related intra-band contiguous or non-contiguous CA case (i.e. one or multi RF chain). It is task of UE how to set the IEs of txSwitchImpactToRx. No need to have clarification for txSwitchImpactToRx with intra-band contiguous CA and intra-band non-contiguous CA case.
Proposal 10: No need to have clarification for txSwitchImpactToRx with intra-band contiguous CA and intra-band non-contiguous CA case.

Issue 1-4-1: The interruption requirement is defined based on slot level or symbol level
The interruption requirements can be defined only for the case of no flexible slot, and based on slot level.
Proposal 11: The interruption requirements will be defined based on slot level, i.e. no requirement for the case of interruption on flexible slot.

Issue 1-4-2: The components within interruption time of SRS antenna port switching in FR1
The components within interruption time of SRS antenna port switching in FR1is FFS and 7 options in WF [1]. We think it includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time. But it is not necessary to further discuss on components if the interruption requirements are defined based on slot level. It may be reasonable that the interruption slot number is calculated based on 6 SRS symbols and antenna switching time before and after SRS transmission occasion.
Proposal 12: It is not necessary to further discuss on components of making interruption if the interruption requirements are defined based on slot level.

Issue 1-4-3: details of the interruption time in FR1
Proposal 13: It may be reasonable that the interruption slot number is calculated based on the time of 6 SRS symbols and two 15µs of switching transient period.

Issue 1-4-4: Interruption requirement proposals
Proposal 14: The interruption requirements are proposed to be 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
	
	

	15kHz or 30kHz
	1
	1
	1
	1
	1

	60kHz
	1
	1
	2
	1
	1



Table 2. 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
	
	

	15kHz or 30kHz
	2
	2
	2
	2
	2

	60kHz
	2
	2
	3
	2
	2



Based on the work plan agreed in RAN4#97 [5], an initial draft CR on TS38.133 for requirements for SRS antenna port switching is presented in another paper for discussion [6].

3. Conclusion
This document discussed the topic of SRS antenna port switching and presented the following proposals:
Proposal 1: Don't define the scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols.
Proposal 2: Only defining the requirements for the scenario that the SRS resources of a set are transmitted in the same slot with consecutive SRS transmission.
Proposal 3: The aperiodic SRS antenna port switching can impact on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements if the IE txSwitchImpactToRx include the working band for FDD.
Proposal 4: Option 1 is agreed, i.e. 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.
Proposal 5: Option 1 is agreed, i.e. the requirement for handover, BWP switching, SCell activation/deactivation should not be impacted by SRS antenna port switching.
Proposal 6: 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[3].
Proposal 7: Option 2 can be agreed, i.e. 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 only based on IEs of txSwitchImpactToRx or txSwitchWithAnotherBand indication. It is no need to clarify the relationship of the IEs with per-FR MG capability in RAN4 specification.
Proposal 9: It is preferred the interruption requirement can differentiate between sync and async cases to reduce the unnecessary loss of sync cases.
Proposal 10: No need to have clarification for txSwitchImpactToRx with intra-band contiguous CA and intra-band non-contiguous CA case.
Proposal 11: The interruption requirements will be defined based on slot level, i.e. no requirement for the case of interruption on flexible slot.
Proposal 12: It is not necessary to further discuss on components of making interruption if the interruption requirements are defined based on slot level.
Proposal 13: It may be reasonable that the interruption slot number is calculated based on the time of 6 SRS symbols and two 15µs of switching transient period.
Proposal 14: The interruption requirements are proposed defined as table 1 and table 2.

An initial draft CR on TS38.133 for requirements for SRS antenna port switching is presented in another paper for discussion [6].
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