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1. Introduction
In the RAN4#93 meeting, there were further discussions on NR SRS carrier switching. Good progress was made though there are still important open issues. The agreements and open issues are captured in way forward [1].
In this contribution we further provide our views on RRM requirements for NR SRS carrier switching.

2. Discussion
Interruption time
In the last meeting the agreements on interruption time are as follows.
	· Interruption time length (slots) shall depend on the SCS of aggressor and victim serving cells
· SRS carrier switching time to define interruption requirements 
· Define requirements for 200us, 500us and 900us SRS carrier switching time
· FFS for FR1/FR2 applicability of SRS carrier switching time
· For the case of SRS transmission on (single or multiple) CC, define two interruption, i.e. covering switch to and switch back, each interruption is defined as
· SRS carrier switching time + 6 symbols
· RAN4 to define unified interruption requirements for sync and async case
· Requirements are based on async case


The applicability of SRS carrier switching time for FR2 has not been confirmed. According to earlier reply LS [2], all the SRS carrier switching time should be applicable for both FR1 and FR2.
	Question 3: RAN1 kindly requests RAN4 to provide candidate values for the required switching time for carrier-based SRS switching in NR, including switching to/from SUL carriers. The required switching times would be indicated as UE capability. Alternatively, RAN4 may inform RAN1 if the same values as in LTE should be used. 
Answer 3: It is the RAN4 understanding that same values for the required switching time for carrier-based SRS switching as those for LTE should be used for FR1 and FR2, which includes both intra and inter band CA cases. For the values kindly refer to [1]. On top of these values, RAN4 agrees that 140us is also a valid value. So far no inter-band CA combinations are defined for FR2 in RAN4. No switching time is needed for FR1 + FR2 inter-band CA scenario.


In [2] it was proposed the maximum SRS carrier switching time for FR2 is 100us, which was the latest discussion. However there seems no further agreement on this. So all of the SRS carrier switching time is applicable for both FR1 and FR2 from RRM requirements perspective.
Proposal 1. All of the SRS carrier switching time is applicable for both FR1 and FR2.
Then based on agreements in the last meeting, the total interruption time during SRS carrier switching can be calculated as follows.
· Case 1: Interruptions on NR victim cells during NR SRS carrier switching on switching to/switching from CC in EN-DC, NE-DC, NR-DC and SA operation
The interruption length is as summarized in Table 1 below.
Proposal 2. Interruption length on NR victim cells during NR SRS carrier switching in EN-DC, NE-DC, NR-DC and SA operation is as in Table 1.
Table 1. Interruption length on NR victim cell during NR SRS carrier switching
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	NR Slot length (ms) of victim cell
	SRS carrier switching time (us)
	Interruption length X (slots)

	
	
	
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30
	60
	120

	0
	1
	200
	2
	2
	2
	2

	
	
	500
	2
	2
	2
	2

	
	
	900
	3
	3
	3
	2

	1
	0.5
	200
	3
	2
	2
	2

	
	
	500
	3
	3
	3
	3

	
	
	900
	4
	4
	4
	3

	2
	0.25
	200
	4
	3
	3
	3

	
	
	500
	5
	4
	4
	4

	
	
	900
	7
	6
	6
	5

	3
	0.125
	200
	7
	5
	4
	4

	
	
	500
	9
	7
	6
	6

	
	
	900
	12
	10
	10
	9



For the other cases, no exact agreements were made. Further discussion are needed.
	· Interruptions on LTE serving cells during NR SRS carrier switching in EN-DC and NE-DC operation
· Option 1: Same as interruptions on 15kHz victim cells in table in slide 4
· Other options are not precluded
· Interruptions due to LTE SRS carrier switching in EN-DC and NE-DC operation
· Option 1: Define requirements for 500us SRS carrier switching time
· Other options are not precluded
· Interruptions on NR serving cells during LTE SRS carrier switching in EN-DC and NE-DC operation
· Option 1: Same as interruptions for 500us SRS carrier switching time in table in slide 4
· Other options are not precluded
· Interruptions on LTE serving cells during LTE SRS carrier switching in EN-DC and NE-DC operation
· Option 1: Same as interruptions for 500us SRS carrier switching time on 15kHz victim cells in table in slide 4
· Other options are not precluded



· Case 2: Interruptions on LTE victim cells during NR SRS carrier switching on switching to/switching from CC in EN-DC, NE-DC, NR-DC and SA operation
Since only 15 kHz subcarrier spacing is used in LTE cell, the interruptions due to NR SRS carrier switching should be the same as interruptions on NR victim cell with 15 kHz subcarrier spacing.
The interruption length is as summarized in Table 2 below.
Table 2. Interruption length on LTE victim cell during NR SRS carrier switching
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	NR Slot length (ms) of victim cell
	SRS carrier switching time (us)
	Interruption length X (slots)

	
	
	
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30
	60
	120

	0
	1
	200
	2
	2
	2
	2

	
	
	500
	2
	2
	2
	2

	
	
	900
	3
	3
	3
	2



It can be seen from Table 2 that interruption length is basically not changed due to subcarrier spacing used in aggressor cell. In order to simply the requirements, the interruption length is irrelevant of subcarrier spacing in aggressor cell.
Proposal 3. In EN-DC, NE-DC, interruption length on LTE victim cells during NR SRS carrier switching is 2 subframes, 2 subframes and 3 subframes for 200us, 500us and 900us NR SRS carrier switching time respectively.

Regarding the LTE SRS carrier switching, the interruption requirements were specified for 500us SRS carrier switching time in LTE. Since 900us switching time is not applicable for LTE SRS carrier switching and the interruption length for 200us switching time is almost the same as for 500us switching time, the interruption requirements are specified for 500us SRS carrier switching time only.
Proposal 4. In EN-DC and NE-DC, the interruption requirements are specified for 500us LTE SRS carrier switching time only.

· Case 3: Interruptions on NR victim cells during LTE SRS carrier switching in EN-DC and NE-DC operation
For LTE SRS carrier switching, the subcarrier spacing is 15 kHz. The interruption length on NR victim cells can be selected according to Table 1 based on 500us SRS carrier switching time and 15 kHz aggressor cell subcarrier spacing.
Proposal 5. In EN-DC and NE-DC, interruption length on NR victim cells during NR SRS carrier switching are as in Table 3.
Table 2. Interruption length on NR victim cell during LTE SRS carrier switching
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	NR Slot length (ms)
	Interruption length X (slots)

	
	
	

	0
	1
	2

	1
	0.5
	3

	2
	0.25
	5

	3
	0.125
	9



· Case 4: Interruptions on LTE victim cells during LTE SRS carrier switching in EN-DC and NE-DC operation
The subcarrier spacing of victim cell is 15 kHz. So according to Table 3, the interruption length is 2 subframes.
Proposal 6. In EN-DC, NE-DC, interruption length on LTE victim cells during LTE SRS carrier switching is 2 subframes.

Impact on delay requirements
[bookmark: _Hlk505675046]There were no discussions on impact on delay requirements due to SRS carrier switching because of lack of time.
	· Impact to NR RRM measurement requirements based on SSB/PBCH due to NR SRS carrier switching
· Option 1: No impact to NR measurement requirements relevant to measurements based on SSB/PBCH/CSI-RS due to NR SRS carrier switching
· Other options are not precluded
· Impact on NR measurement requirements based on SSB/PBCH/CSI due to LTE SRS carrier switching
· FFS.
·  Impact to E-UTRA measurement requirements due to NR SRS carrier switching
· FFS.



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 LTE 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.

3. Conclusion
In this contribution, we further 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. All of the SRS carrier switching time is applicable for both FR1 and FR2.
Proposal 2. Interruption length on NR victim cells during NR SRS carrier switching in EN-DC, NE-DC, NR-DC and SA operation is as in Table 1.
Table 1. Interruption length on NR victim cell during NR SRS carrier switching
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	NR Slot length (ms) of victim cell
	SRS carrier switching time (us)
	Interruption length X (slots)

	
	
	
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30
	60
	120

	0
	1
	200
	2
	2
	2
	2

	
	
	500
	2
	2
	2
	2

	
	
	900
	3
	3
	3
	2

	1
	0.5
	200
	3
	2
	2
	2

	
	
	500
	3
	3
	3
	3

	
	
	900
	4
	4
	4
	3

	2
	0.25
	200
	4
	3
	3
	3

	
	
	500
	5
	4
	4
	4

	
	
	900
	7
	6
	6
	5

	3
	0.125
	200
	7
	5
	4
	4

	
	
	500
	9
	7
	6
	6

	
	
	900
	12
	10
	10
	9



Proposal 3. In EN-DC, NE-DC, interruption length on LTE victim cells during NR SRS carrier switching is 2 subframes, 2 subframes and 3 subframes for 200us, 500us and 900us NR SRS carrier switching time respectively.
Proposal 4. In EN-DC and NE-DC, the interruption requirements are specified for 500us LTE SRS carrier switching time only.
Proposal 5. In EN-DC and NE-DC, interruption length on NR victim cells during NR SRS carrier switching are as in Table 3.
Table 2. Interruption length on NR victim cell during LTE SRS carrier switching
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	NR Slot length (ms)
	Interruption length X (slots)

	
	
	

	0
	1
	2

	1
	0.5
	3

	2
	0.25
	5

	3
	0.125
	9



Proposal 6. In EN-DC, NE-DC, interruption length on LTE victim cells during LTE SRS carrier switching is 2 subframes.
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.
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