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1. Introduction
A new WI on Rel-16 RRM requirements enhancement [1] was agreed in the RAN#84 meeting. In the RAN4#92 meeting, work plan for the WI [2] was agreed.  The plan for RAN4#92bis meeting is as follows.
	1) 3GPP RAN4 #92bis meeting (October, 2019, 2TU, Core part)
Work phase
· Initial discussion on RRM requirement of SRS carrier switching requirements for NR SA, NR-DC, EN-DC and NE-DC
· Initial discussion on RRM requirements of multiple Scell activation/deactivation in both FR1 and FR2
· Initial discussion on CGI reading requirements with autonomous gap for NR capable UE
· Initial discussion on RRM requirements of BWP switching on multiple CCs
· Initial discussion on inter-frequency measurement requirement without MG
· Initial draft CR(s) on TS38.133 is expected  



In this contribution we provide our views on RRM requirements of SRS carrier switching for UE in NR SA, NR-DC, EN-DC or NE-DC operation.

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 as follows.
SRS-SwitchingTimeNR
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 maximum SRS carrier switching time for NR is 900us, while for LTE it is 500us. When defining interruption requirements it was assumed 500us RF switching time, so the total interruption time is 2 subframes, including SRS transmission time. There are two approaches to define interruption requirements for NR SRS carrier switching. One option is to take LTE approach that by using maximum SRS carrier switching time, i.e. 900us to define interruption requirements. One another option is to define interruption requirements for different carrier pairs that have different UE capability of SRS carrier switching time. It would be enough to take 500us and 900us as two UE capabilities.
The maximum SRS transmission time is 6 symbols according to SRS resource mapping. It is almost half a slot for different SCSs. So half slot is assumed to calculate interruption time.
The total interruption time for different SCSs and different UE capability of different carrier pairs are summarized in Table 1.
Table 1. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Switching time (500us)
	1.5
	2.5
	4.5
	8.5

	Switching time (900us)
	2.3
	4.1
	7.7
	14.9



With rounding up, the total interruption time are as in Table 2
Table 2. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Switching time (500us)
	2
	3
	5
	9

	Switching time (900us)
	3
	5
	8
	15



It can be seen that the difference between total interruption time of SRS carrier switching time of 500us and 900us is quite large. It would be better to specify different interruption requirements for different UE capability of different carrier pairs.
Proposal 1. Specify different interruption requirements for NR SRS carrier switching for different UE capability of different carrier pairs.
Proposal 2. The total interruption time on NR serving cells due to NR SRS carrier switching are as in Table 2.
Table 2. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Switching time (500us)
	2
	3
	5
	9

	Switching time (900us)
	3
	5
	8
	15



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 in Table 2. It can be calculated that for switching time of 500us the interruption on E-UTRA serving cells is 2 subframes and it is 3 subframes for switching time of 900us for at least SCS of 15kHz and 30kHz.
Proposal 3. In EN-DC and NE-DC, the total interruption time on E-UTRA serving cells due to NR SRS carrier switching are 3 subframes for 15 kHz and 30 kHz SCS, and 2 subframes for all other cases.

For E-UTRA SRS carrier switching, the interruption time 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. It is reasonable to assume same interruption length on E-UTRA serving cells and NR serving cells. So the interruption on NR serving cells is equivalent number of slots for different SCS to 2 subframes in E-UTRA.
Proposal 4. In EN-DC and NE-DC the total interruption time on NR serving cells due to E-UTRA SRS carrier switching are as in Table 3.
Table 3. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Interruption time
	2
	4
	8
	16



Interruption requirements
For UE in NR SA and NR-DC operation, there will be only NR SRS carrier switching. The interruption will only happen on NR serving cells. So the interruption requirements for NR SRS carrier switching should be specified in section 8.2 in TS 38.133. 
For UE in EN-DC and NE-DC operation, there will possibly be NR SRS carrier switching and E-UTRA SRS carrier switching. For NR SRS carrier switching the interruption will happen on both NR serving cells and E-UTRA serving cells. For E-UTRA SRS carrier switching the interruption will happen on both NR serving cells and E-UTRA serving cells either. The interruption requirements on E-UTRA serving cells should be specified in section 7.32 and section 7.36 for EN-DC and NE-Dc respectively. The interruption requirements on NR serving cells should be specified in section 8.2 in TS 38.133. 
Proposal 5. In EN-DC and NE-DC, requirements for interruption on NR serving cells due to both NR and E-UTRA SRS carrier switching are specified in TS38.133, and requirements on E-UTRA serving cells are specified in TS 36.133 correspondingly.

Impact on delay requirements
[bookmark: _Hlk505675046]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 6. No impact to requirements relevant to measurements on SSB/PBCH 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.
Observation 1. Impact to requirements relevant to measurements on SSB/PBCH due to E-UTRA SRS carrier switching could happen in EN-DC and NE-DC operation.
Observation 2. Impact to E-UTRA measurement requirements due to NR SRS carrier switching could happen in EN-DC and NE-DC operation.

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. Specify different interruption requirements for NR SRS carrier switching for different UE capability of different carrier pairs.
Proposal 2. The total interruption time on NR serving cells due to NR SRS carrier switching are as in Table 2.
Table 2. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Switching time (500us)
	2
	3
	5
	9

	Switching time (900us)
	3
	5
	8
	15



Proposal 3. In EN-DC and NE-DC, the total interruption time on E-UTRA serving cells due to NR SRS carrier switching are 3 subframes for 15 kHz and 30 kHz SCS, and 2 subframes for all other cases.
Proposal 4. In EN-DC and NE-DC the total interruption time on NR serving cells due to E-UTRA SRS carrier switching are as in Table 3.
Table 3. Total interruption time (slots)
	
	15kHz
	30kHz
	60kHz
	120kHz

	Interruption time
	2
	4
	8
	16



Proposal 5. In EN-DC and NE-DC, requirements for interruption on NR serving cells due to both NR and E-UTRA SRS carrier switching are specified in TS38.133, and requirements on E-UTRA serving cells are specified in TS 36.133 correspondingly.
Proposal 6. No impact to requirements relevant to measurements on SSB/PBCH due to NR SRS carrier switching.

Observation 1. Impact to requirements relevant to measurements on SSB/PBCH due to E-UTRA SRS carrier switching could happen in EN-DC and NE-DC operation.
Observation 2. Impact to E-UTRA measurement requirements due to NR SRS carrier switching could happen in EN-DC and NE-DC operation.
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