[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #94-e-Bis                       	 R4-2003501
Electronic Meeting, 20 – 30 Apr., 2020

Agenda Item:	6.15.1.1
Source:	MediaTek Inc.
Title:	Interruption at SRS Carrier Switching
Document for:		Discussion
1 Introduction
In last meeting, a WF of SRS carrier switching has been agreed [1]. The remaining issues are captured as follow. 
	· The applicability of SRS carrier switching time in LS R4-1811534 applies to both FR1 and FR2
· Interruption requirements are specified for FR2 intra-band CA in Rel-16.
· FFS interruption requirements for FR2 inter-band CA in Rel-16
· Define requirements for 200us, 500us and 900us SRS carrier switching time (agreements in the last meeting)
· FFS if following applicability should be captured in RAN4 spec
· 200us SRS carrier switching time applies to intra-band CA in both FR1 and FR2.
· 200us, 500us and 900us SRS carrier switching time apply to inter-band CA in FR1 and between FR1 and FR2.
· Define unified requirements only based on async case (Agreements in the last meeting)
· FFS whether to define the requirements for sync case in CA
· No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS carrier switching
· NR measurements are always prioritized
· the interruption requirement due to SRS carrier switching does not apply
· Impact of NR SRS carrier switching on requirements based on other NR uplink or downlink signals in RRM specifications is FFS
· In EN-DC and NE-DC operation, NR measurement requirements relevant to measurements on SSB/PBCH/CSI-RS may be impacted due to LTE SRS carrier switching
· Option 1: NR measurements are always prioritized
· Option 2: NR measurements are allowed to be interrupted by LTE SRS carrier switching.
· Impact of LTE SRS carrier switching on EN-DC or NE-DC requirements based on other NR uplink or downlink signals in RRM specifications is FFS
· In EN-DC and NE-DC operation, requirements relevant to E-UTRA measurements may be impacted due to NR SRS carrier switching.
· Option 1: E-UTRA measurements are always prioritized
· Option 2: E-UTRA measurements are allowed to be interrupted by NR SRS carrier switching.
· Impact of NR SRS carrier switching on other EN-DC or EN-DC requirements based on E-UTRA uplink or downlink signals in RRM specifications is FFS 


In this paper, we will continue to discuss the impact on SRS carrier switching based on this WF.
2 Interruption at SRS Carrier Switching in NR
[bookmark: _Ref521070740]In last meeting, it is agreed to define interruption requirements based on the RF transition time for 200us, 500us and 900us. 
FR2 Interruption Time Length
In NR interruption requirement discussion, a common understanding is that the RF transition time in FR2 is much faster than FR1. For example, the FR1 RF retuning time is 500us and FR2 RF retuning time is 250us when define the requirement for NR measurement gap. Thus, from UE’s perspective, the RF transition time for SRS carrier switching is similar as the time for measurement gap. 200us is a reasonable RF transition value for FR2 SRS carrier switching.
[bookmark: _Ref31706883]Proposal 1: Define carrier-based SRS switching interruption in FR2 base on 200us RF transition time only.
Intra-band and Inter-band
In RAN4 RF SRS carrier switch discussion, for switching between carriers in the same band, the agreed candidate values are {0us, 30us, 100us, 140us and 200us} depending on UE capability; for switching between carriers/aggregated carriers in different bands, the candidate values of {0us, 30us, 100us, 140us, 200us, 300us, 500us and 900us} depending on UE capability. RAN4 RRM should also follow RF session’s rule to define the different requirement for both intra-band and inter-band. 
[bookmark: _Ref536802747]Proposal 2: Define carrier-based SRS switching interruption both in intra-band and inter-band.
· Intra-band SRS carrier switching time shall be 200us for both FR1 and FR2
· Inter-band SRS carrier switching time shall be 200us, 500us, 900us for FR1 and 200us for FR2
Collision Rules
In RAN1 spec. TS38.214, it has already captured some collision rules for SRS carrier switching with DL/UL transmission.
	TS38.214 6.2.1.3
[bookmark: _Hlk505675046]If the UE is not configured for PUSCH/PUCCH transmission on carrier c1 with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on carrier c1 and serving cell c2, the UE is not expected to be configured or indicated with SRS resource(s) such that SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) would collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by MIB or SIB1 on serving cell c2.


[bookmark: _Ref31706859]Observation 1: RAN1 had agreed that SRS carrier switching shall avoid the collision with SSB and CORSETs indicated by MIB or SIB1 in NR.
It shall also be noticed that the CSI-RSs for L1-RSRP measurement is also an important procedure for FR2. The L1-RSRP measurement for beam management and link recovery is a fast and frequent procedure. If SRS carrier switching has higher priority than L1-RSRP measurement, it may result in higher probability of link recovery failure. Thus, in our opinion, SRS Carrier switching shall also avoid the collision with SSBs or RSs for any L1 measurements. 
[bookmark: _Ref536802750]Proposal 3: SRS Carrier switching shall avoid the collision with SSBs or RSs for any L1 measurements in NR SA.
Another remaining issue is to discuss the impact of NR SRS carrier switching on requirements with other NR uplink or downlink signals, especially such as PRACH. In RAN1 spec. TS38.214, it has already captured some collision rules.
	TS38.214 6.2.1.3
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI and/or PRACH happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].
…
[bookmark: _Hlk515873385]In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across component carriers in different bands subject to the UE's capability.
In case of inter-band carrier aggregation, a UE can simultaneously transmit PRACH and SRS across component carriers in different bands subject to UE's capability.


In NR SA, the UE shall drop SRS transmission when SRS transmission collides with PRACH if UE doesn’t support parallelTxPRACH-SRS-PUCCH-PUSCH capability. Otherwise, the UE can transmit PRACH and SRS simultaneously.
[bookmark: _Ref36829290]Proposal 4: In NR SA, the UE shall drop SRS transmission when SRS transmission collides with PRACH if UE doesn’t support parallelTxPRACH-SRS-PUCCH-PUSCH capability. Otherwise, the UE can transmit PRACH and SRS simultaneously. 
3 Cross-RAT Impact by SRS Carrier Switching
Collision Rules
In EN-DC/NE-DC, from network’s view, owing to no effective coordinate mechanism between two CGs, it’s not guaranteed to avoid the SRS carrier switching configuration from one CG to collide with measurement in the other CG. At the same time, from UE’s perspective, it also takes extra effort to effectively coordinate between an existing legacy LTE modem and a new NR modem. Thus, it’s also difficult to avoid the interruption caused by SRS carrier switching on other RAT’s measurement/reception/transmission from UE side. 
Since there is no parallel PRACH and SRS transmission capability definition for EN-DC/NE-DC in TS38.306, it means whether support the simultaneously transmission is up to UE’s implementation. A reasonable solution is to introduce the interruption requirement when SRS carrier switching configured in each CG. When SRS carrier switch from carrier 1 to carrier 2 in one CG, the UE is allowed to cause interruption to the measurement reception and transmission in the other CG.
[bookmark: _Ref31706863]Observation 2: In EN-DC/NE-DC, from network’s view, owing to no effective coordinate mechanism, it’s not guaranteed to avoid the SRS carrier switching configuration from one CG to collide with measurement in the other CG.
[bookmark: _Ref31707016]Proposal 5: When NR SRS carrier switch from carrier 1 to carrier 2, the UE is allowed to cause interruption to the LTE measurement, reception and transmission.
[bookmark: _Ref36829398]Proposal 6: When LTE SRS carrier switch from carrier 1 to carrier 2, the UE is allowed to cause interruption to the NR measurement, reception and transmission.    
4 Summary
In this paper, we propose the SRS Carrier Switching Interruption requirement for NR.
Observation 1: RAN1 had agreed that SRS carrier switching shall avoid the collision with SSB and CORSETs indicated by MIB or SIB1 in NR.
Observation 2: In EN-DC/NE-DC, from network’s view, owing to no effective coordinate mechanism, it’s not guaranteed to avoid the SRS carrier switching configuration from one CG to collide with measurement in the other CG.
Proposal 1: Define carrier-based SRS switching interruption in FR2 base on 200us RF transition time only.
Proposal 2: Define carrier-based SRS switching interruption both in intra-band and inter-band.
· Intra-band, the interruption shall be 200us+6 SRS symbols
· Inter-band, the interruption shall be 200us, 500us, 900us+6 SRS symbols for FR1 and 200us+6 SRS symbols for FR2
Proposal 3: SRS Carrier switching shall avoid the collision with SSBs or RSs for any L1 measurements in NR SA.
Proposal 4: In NR SA, the UE shall drop SRS transmission when SRS transmission collides with PRACH if UE doesn’t support parallelTxPRACH-SRS-PUCCH-PUSCH capability. Otherwise, the UE can transmit PRACH and SRS simultaneously.
Proposal 5: When NR SRS carrier switch from carrier 1 to carrier 2, the UE is allowed to cause interruption to the LTE measurement, reception and transmission.
Proposal 6: When LTE SRS carrier switch from carrier 1 to carrier 2, the UE is allowed to cause interruption to the NR measurement, reception and transmission.
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