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1. Introduction
In the RAN4#92bis meeting, there were discussions on NR SRS carrier switching. Progress were made but there are still important open issues which are captured in way forward [1].
In this contribution we further provide our views on RRM requirements for NR SRS carrier switching.

2. Discussion
In LTE the RRM requirements for SRS carrier switching are mainly specified as interruption time and location during SRS transmission from one carrier to another and switching back. The delay requirements, such as measurement delay, SCell activation delay may be extended due to SRS carrier switching. In NR similar requirements can be specified.
Interruption time
The SRS carrier switching time for NR is based on UE capability report, which is the same as for LTE.  The values of SRS carrier switching time for NR are indicated by SRS-SwitchingTimeNR as follows.
The IE SRS-SwitchingTimeNR is used to indicate the SRS carrier switching time supported by the UE for one NR band pair.
SRS-SwitchingTimeNR information element
-- ASN1START
-- TAG-SRS-SWITCHINGTIMENR-START

SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}

-- TAG-SRS-SWITCHINGTIMENR-STOP
-- ASN1STOP

According to 38.306, srs-SwitchingTimeNR indicates the interruption time on DL/UL reception within a NR band pair during the RF retuning for switching between a carrier on one band and another (PUSCH-less) carrier on the other band to transmit SRS.
The interruption requirements for LTE SRS carrier switching time is 2 subframes. As interruptions in NR are generally defined as number of interrupted slots, it is also reasonable to specify interruption requirements for NR carrier switching in number of interruption slots.
In the last meeting there were discussions on how to specify interruption requirements for NR carrier switching. It was not sure at then whether interruption requirements are based on SRS carrier switching time or pure RF tuning time. There were options provided in way forward [1] on how to define interruption requirements. 

	Interruption requirements
· Option 1: define requirements for 900us NR SRS carrier switching time
· Option 2: define requirements for 900us and [TBD] NR SRS carrier switching time respectively
· Option 3: define requirements for any NR SRS carrier switching time if it is justified
· Option 4: Other option is not precluded.
· Note: Further check on SRS carrier switching time definition
· Whether the interruption depends on SRS switching time or pure RF tuning time



In our view the SRS switching time is basically due to RF retuning to switch back and forth from the NR band pair. It’s just different band pair may have different RF architecture, e.g. shared/separated transceivers, PA and antenna. Then SRS carrier switching time may be different. 
The maximum SRS transmission time is 6 symbols according to SRS resource mapping. It is almost half a slot for different SCSs. Thus the total interruption time would be 2 times of SRS switching time (for switching back and forth between carriers of band pair) plus maximum SRS transmission time.
Proposal 1. Interruptions are based on 2 times of SRS carrier switching time plus maximum SRS transmission time.

The total interruption time in microseconds for different SCSs and different UE SRS carrier switching time capability of different carrier pairs are summarized in Table 1.
Table 1. Total interruption time (us)
	Total interruption time (us)
	SRS carrier switching time (us)

	
	0
	30
	100
	140
	200
	300
	500
	900

	SCS
	15kHz
	428.6
	488.6
	628.6
	708.6
	828.6
	1028.6
	1428.6
	2228.6

	
	30kHz
	214.3
	274.3
	414.3
	494.3
	614.3
	814.3
	1214.3
	2014.3

	
	60kHz
	107.1
	167.1
	307.1
	387.1
	507.1
	707.1
	1107.1
	1907.1

	
	120kHz
	53.6
	113.6
	253.6
	333.6
	453.6
	653.6
	1053.6
	1853.6



If it is converted to number of slots for different SCSs, it can be summarized in Table 2.
Table 2. Total interruption time (slots)
	Total interruption time (slot)
	SRS carrier switching time (us)

	
	0
	30
	100
	140
	200
	300
	500
	900

	SCS
	15kHz
	1
	1
	1
	1
	1
	2
	2
	3

	
	30kHz
	1
	1
	1
	1
	2
	2
	3
	5

	
	60kHz
	1
	1
	2
	2
	3
	3
	5
	8

	
	120kHz
	1
	1
	3
	3
	4
	6
	9
	15



It can be seen from the table it is worth specifying interruption requirements for each SRS carrier switching time larger than 100us since there are different number of interrupted slots. In LTE the SRS switching time capability is quite similar to NR but the requirements end up with only 2 interrupted subframes being specified. So we think it would be better down select the switching time for specifying interruption requirements. 
According to [2], the switching time range for intra-band CA and inter-band CA is different though it is not reflected in signaling discussion.
Intra-band CA: 0us, 30us, 100us, 140us and 200us
Inter-band CA: 0us, 30us, 100us, 200us, 300us, 500us and 900us
 Therefore we think it is worth specifying interruption requirements for SRS carrier switching time no larger than 200us. For 15kHz and 30kHz SCS in FR1, the interruption requirements for 300us SRS carrier switching time can be covered if interruption requirements for 200us and 500us switching time are specified. The interrupted slots for 900us SRS carrier switching time are quite larger so interruption requirements for this switching time should be specified additionally. For 30kHz SCS there are one less interrupted slots for 140us SRS carrier switching time compared to 200us it slightly prefers to specify interruption requirements for 140us switching time either.
 Proposal 2. Specifying interruption requirements in FR1 for 140us, 200us, 500us and 900us SRS carrier switching time.
Proposal 3. The interrupted slots are as in table below for 140us, 200us, 500us and 900us SRS carrier switching time in FR1.
	Total interruption time (slot)
	SRS carrier switching time (us)

	
	140
	200
	500
	900

	SCS
	15kHz
	1
	1
	2
	3

	
	30kHz
	1
	2
	3
	5

	
	60kHz
	2
	3
	5
	8



Though the SRS carrier switching time seems applicable irrelevant of frequency range according to UE capability signalling srs-SwitchingTimeNR and LS [2]. However according to discussion paper [3], it was proposed maximum SRS carrier switching time in FR2 is 100us. So it is likely that not all the SRS carrier switching times are applicable to FR2.
Proposal 4. Check RF room on maximum SRS switching time in FR2.

The interruptions should also be specified for NR SRS carrier switching and LTE SRS carrier switching under EN-DC and NE-DC scenarios.
	FFS Interruption duration and location for scenarios
· Interruptions on NR serving cells during NR SRS carrier switching in EN-DC, NE-DC, NR-DC and SA operation
· Interruptions on NR serving cells during LTE SRS carrier switching in EN-DC and NE-DC operation
· Interruptions on LTE serving cells during NR SRS carrier switching in EN-DC and NE-DC operation



For NR SRS carrier switching under EN-DC and NE-DC, the total interruption time on E-UTRA serving cells due to NR SRS carrier switching can be the equivalent number of subframes to the total number of slots on NR serving cells. 
Proposal 5. In EN-DC and NE-DC, the total interruption time on E-UTRA serving cells due to NR SRS carrier switching are 1, 1, 2, 3 subframes for 140us, 200us, 500us and 900us NR SRS carrier switching time.
For LTE SRS carrier switching, the interruption requirements on E-UTRA serving cells is 2 subframes. When UE is in EN-DC or NE-DC operation, the interruption will also happen on NR serving cells. Instead of specifying 2 subframes equivalent interruption time on NR serving cells it would be better follow same approach as specifying interruption requirements for NR SRS carrier based switching. 
Proposal 6. In EN-DC and NE-DC the total interruption time on NR serving cells due to LTE SRS carrier switching are as in Table below.
	Total interruption time (slot)
	SRS carrier switching time (us)

	
	140
	200
	500

	SCS
	15kHz
	1
	1
	2

	
	30kHz
	1
	2
	3

	
	60kHz
	2
	3
	5




Impact on delay requirements
[bookmark: _Hlk505675046]There were initial discussions on impact on delay requirements due to SRS carrier switching which may make PSS/SSS or SSB reception not available as interruption happens during switching time.
	Impact to E-UTRA measurement requirements, e.g intra/inter frequency measurement, RLM etc, due to NR SRS carrier switching
· Option 1: In EN-DC and NE-DC operation, requirements relevant to E-UTRA measurements are impacted due to NR SRS carrier switching.
· Other options are not precluded
Impact on NR measurement requirements based on SSB/PBCH/CSI-RS, , e.g intra/inter frequency measurement, RLM etc, due to LTE SRS carrier switching
· Option 1: In EN-DC and NE-DC operation, requirements relevant to measurements on SSB/PBCH/CSI-RS are impacted due to LTE SRS carrier switching
· Other options are not precluded
Impact on NR measurement requirements based on SSB/PBCH/CSI-RS,  e.g intra/inter frequency measurement, RLM etc, due to NR SRS carrier switching
· Option 1: In EN-DC, NE-DC, NR-DC and NR SA operation, requirements relevant to measurements on SSB/PBCH/CSI-RS are NOT impacted due to NR SRS carrier switching
· Other options are not precluded



In 38.214, the UE sounding procedure between component carriers are as follows.
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.
	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.



According to the procedure, colliding of NR SRS transmission and SSB/PBCH blocks should not happen. So the requirements relevant to measurements on SSB/PBCH should not be impacted by NR SRS carrier switching.
Proposal 7. In EN-DC, NE-DC, NR-DC and NR SA operation, requirements relevant to measurements on SSB/PBCH/CSI-RS are NOT impacted due to NR SRS carrier switching.

However in EN-DC and NE-DC operation, the collision between E-UTRA SRS carrier switching and SSB/PBCH blocks may happen since there is no restriction. So NR requirements relevant to measurements on SSB/PBCH, e.g. intra-frequency measurement, inter-frequency measurement, SCell activation/deactivation etc., could be impacted. Extended delay is expected if collision happens.
Again in EN-DC and NE-DC operation, the collision between NR SRS carrier switching and E-UTRA PSS/SSS transmission may happen. Correspondingly E-UTRA measurement requirements in EN-DC and NE-DC operation could be impacted and extended delay is expected if collision happens.
Proposal 8. In EN-DC and NE-DC operation, requirements relevant to measurements on SSB/PBCH/CSI-RS may be impacted due to LTE SRS carrier switching.
Proposal 9. In EN-DC and NE-DC operation, requirements relevant to E-UTRA measurements may be impacted due to NR SRS carrier switching.

Sync and async 
The interruption requirements for sync and async cases could be different for SRS carrier switching.
	Whether to differentiate sync and async case
· Option 1: define unified requirements for sync and async case
· Option 2: define separated requirements for synch and async case


Since in NR many interruption requirements are specified for sync and async cases, it is reasonable to follow same approach to define interruption requirements for SRS carrier based swithcing.
Proposal 10. Interruption requirements for SRS carrier switching are specified for sync and async case separately.

Parallel NR SRS carrier switching and LTE SRS carrier switching 
There was proposal on whether to specify interruption requirements for parallel NR SRS carrier switching and LTE SRS carrier switching, e.g. LTE SRS carrier switching is triggered when NR SRS carrier switching is ongoing.
	FFS the additional impact on RRM requirements when LTE SRS switching and NR SRS switching are both configured for a UE in EN-DC and NE-DC operation is to be further investigated 
· (e.g., can such requirements be based on combining the LTE SRS switching requirements and NR SRS switching requirements)



This could be a valid use case. SRS carrier switching can be triggered by DCI. If there is no coordination between MN and SN, the collision could happen. The worst case is, e.g. NR SRS carrier switching follows exactly when LTE SRS carrier switching ends. The total interruption time can be combined. 
However simultaneous NR and LTE uplink transmission may not be possible at least for some difficult combinations, where single uplink transmission is allowed. Interruption requirements should not be applicable for difficult combinations.
Proposal 11. Interruption requirements for parallel NR SRS carrier switching and LTE SRS carrier switching is specified by combination/summation of corresponding interruptions respectively.

3. Conclusion
In this contribution, we provided our views on RRM requirements of SRS carrier switching for UE in NR SA, NR-DC, EN-DC or NE-DC operation. Based on the observations following proposals are present. 
Proposal 1. Interruptions are based on 2 times of SRS carrier switching time plus maximum SRS transmission time.
 Proposal 2. Specifying interruption requirements in FR1 for 140us, 200us, 500us and 900us SRS carrier switching time.
Proposal 3. The interrupted slots are as in table below for 140us, 200us, 500us and 900us SRS carrier switching time in FR1.
	Total interruption time (slot)
	SRS carrier switching time (us)

	
	140
	200
	500
	900

	SCS
	15kHz
	1
	1
	2
	3

	
	30kHz
	1
	2
	3
	5

	
	60kHz
	2
	3
	5
	8



Proposal 4. Check RF room on maximum SRS switching time in FR2.
Proposal 5. In EN-DC and NE-DC, the total interruption time on E-UTRA serving cells due to NR SRS carrier switching are 1, 1, 2, 3 subframes for 140us, 200us, 500us and 900us NR SRS carrier switching time.
Proposal 6. In EN-DC and NE-DC the total interruption time on NR serving cells due to LTE SRS carrier switching are as in Table below.
	Total interruption time (slot)
	SRS carrier switching time (us)

	
	140
	200
	500

	SCS
	15kHz
	1
	1
	2

	
	30kHz
	1
	2
	3

	
	60kHz
	2
	3
	5



Proposal 7. In EN-DC, NE-DC, NR-DC and NR SA operation, requirements relevant to measurements on SSB/PBCH/CSI-RS are NOT impacted due to NR SRS carrier switching.
Proposal 8. In EN-DC and NE-DC operation, requirements relevant to measurements on SSB/PBCH/CSI-RS may be impacted due to LTE SRS carrier switching.
Proposal 9. In EN-DC and NE-DC operation, requirements relevant to E-UTRA measurements may be impacted due to NR SRS carrier switching.
Proposal 10. Interruption requirements for SRS carrier switching are specified for sync and async case separately.
Proposal 11. Interruption requirements for parallel NR SRS carrier switching and LTE SRS carrier switching is specified by combination/summation of corresponding interruptions respectively.
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