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1. Introduction

In RAN4#94e meeting, the WF on SRS carrier switching was approved in [1]. Some issues are still open. The contribution continue to discuss the left open issues.
2. Discussion
· Applicability of SRS carrier switching time
The SRS carrier switching time for NR UE was originally discussed in RAN4 RF. RAN4 sent an LS in [2] to RAN1 and RAN2 on the SRS carrier switching time. The time is applied for FR1, FR2 and FR1+FR2. It is the fact that when RAN4 was discussing the concrete value of SRS carrier switching time in R-15, there is no FR2 inter-band CA band combination. However in our understanding the SRS switching time for FR2 inter-band CA is impossible to be out of the range of [0, 900]us. Thus SRS carrier switching time in LS R4-1811534 can be applicable for FR2 inter-band CA.
Proposal1: Interruption requirements for FR2 inter-band CA shall be specified and the SRS carrier switching time in LS R4-1811534 can be applicable for FR2 inter-band CA as well.
	Intra-band CA: 0us, 30us, 100us, 140us and 200us
Inter-band CA: 0us, 30us, 100us, 200us, 300us, 500us and 900us
It is noted that the SRS carrier switching should be defined as both per band and per band combination capability. And similar to E-UTRA, the SRS carrier switching time for NR UE should be reported for UL and DL separately.


· Synchronization case in CA
The SRS carrier switching requirements are specified for CA and DC in LTE. In NR, the SRS carrier switching shall consider CA scenario (considering NR side in ENDC, NEDC, NR SA and NRDC) and DC scenario (ENDC, NEDC and NRDC). In the following, we take the 500us SRS carrier switching time as an example and try to observe whether there is difference between the interruptions in sync CA scenario and in async DC scenario.
· NR SRS carrier switching impacting NR CC in CA scenario
For NR SRS carrier switching, the interruption requirements for NR carrier switching shall consider SRS carrier switching time, SRS transmission duration, timing alignment relation between aggressor cell and victim cell and the SCS of the victim cell. Wherein the SRS transmission duration is 6 OFDM symbols which  also depend on the SCS of aggressor cell. 
In TS 38.133, the MRTD requirement is specified for the intra-band and inter-band CA in NR.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	3

	FR2
	0.26


Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	25 


We gives an example where the SRS carrier switching time is 500us and the aggressor cell @15kHz SCS with 6 OFDM symbols SRS configuration. 

- victim carrier @ 15kHz SCS, MRTD is 3us (intra-band CA) or 33us (inter-band CA). 1slot is impacted.
- victim carrier @ 30kHz SCS, MRTD is 3us (intra-band CA) or 33us (inter-band CA). 2 slots are impacted.

- victim carrier @ 60kHz SCS. If victim cell is on FR1 as well, and the MRTD is 3us for intra-band CA, then no additional interrupted slot is introduced. If victim cell is on FR1, and the MRTD is 33us for inter-band CA, then one additional interrupted slot is introduced as MRTD/slot length is large. If victim cell is on FR2, and the MRTD is 25us, then one additional interrupted slot is introduced. Since the cases are complicated, we propose that uniformly an additional interruption slot is added for 60kHz SCS case @victim cell. Then total 5 slots are impacted.
- victim carrier @ 120kHz SCS, MRTD is 25us. 9 slots are impacted.

The table 1 gives the interruption requirement when the SRS carrier switching time is 500us.
Table 1: Interruption length assuming SRS carrier switching time is 500us (NR SRS carrier switching impacting NR CC in CA scenario)
	Victim cell SCS ([image: image1.wmf]m

)
	Aggressor Cell SCS ([image: image2.wmf]m

)

	
	0
	1
	2
	3

	0
	1
	1
	1
	1

	1
	2
	2
	2
	2

	2
	5
	4
	4
	4

	3
	9
	7
	6
	5


· NR SRS carrier switching impacting NR CC in NR-DC
In DC case, the asynchronized scenario is considered. Taking 500us SRS carrier switching as an example, the interruption time is shown in Table 2. It shall be noted that R16 NR DC considers the scenario that MCG is at FR1 and SCG is at FR2. So the case that both aggressor cell and victim cell in the same frequency range is invalid.
Table 2. Interruption length assuming SRS carrier switching time is 500us (NR SRS carrier switching impacting NR CC in NR-DC)
	Victim cell SCS ([image: image3.wmf]m

)
	Aggressor Cell SCS ([image: image4.wmf]m

)

	
	0
	1
	2
	3

	0
	-
	-
	2
	2

	1
	-
	-
	3
	3

	2
	5
	4
	4
	4

	3
	9
	7
	-
	-


It can be observed that the impacted slots number is different between sync CA and async DC.
Proposal 2: RAN4 shall define interruption requirements for 

- sync case in CA scenario

- async case in DC scenario including MRDC and NR-DC
· RRM measurement and inter-RAT SRS carrier switching
It was discussed in the last e-meeting that NR measurement are always prioritized when NR SRS carrier switching is colliding with SSB/CSI-RS measurement resource. It means that UE is not expected to transmit SRS on the reference signal to be measured. It is aligned with the existing scheduling restriction of UE performing measurements in TDD bands specified in section 9.2.5.3.1.
In NEDC operation, LTE SRS carrier switching is indicated by eNB. However the exact SSB/CSI-RS resource which are measured in the neighbour cell may be not known to eNB. Thus eNB may still indicate UE to perform SRS carrier switching procedure. In this scenario, the interruptions on NR carrier due to LTE SRS carrier switching may impact the NR measurement. Then the NR measurements are allowed to be interrupted by LTE SRS carrier switching. The corresponding measurement period can be extended.
In LTE standalone operation, the LTE measurement performance may be impacted due to LTE SRS carrier switching. The extended RRM measurement requirement is expected which is specified in TS36.133.  In ENDC, the LTE SRS carrier switching may impact NR side as well. It order to uniform UE behaviour, we suggest NR measurements are allowed to be interrupted by LTE SRS carrier switching.
Proposal 3: In EN-DC and NE-DC operation, NR SSB based measurement requirements are allowed to be interrupted by LTE SRS carrier switching.
Similar, in ENDC and NE-DC operation, the NR SRS carrier switching may impact the LTE measurements.
Proposal 4: In EN-DC and NE-DC operation, E-UTRA measurements are allowed to be interrupted by NR SRS carrier switching.

· Interruptions due to SRS carrier switching in different frequency range
For a UE which does not support per-FR measurement gaps, interruptions due to NR or LTE carrier switching happens on both FR1 and FR2. For UE which support per-FR gaps, only interruptions on the frequency range where SRS carrier switching happens.
Proposal 5: For a UE which does not support per-FR measurement gaps, interruptions due to NR or LTE carrier switching happens on both FR1 and FR2. 

For UE which support per-FR gaps, only interruptions happen on the frequency range where SRS carrier switching happens.

3. Conclusions

This paper provides analysis on the SRS carrier switching in R16. The proposals are provided as below:
Proposal1: Interruption requirements for FR2 inter-band CA shall be specified and the SRS carrier switching time in LS R4-1811534 can be applicable for FR2 inter-band CA as well.
Proposal 2: RAN4 shall define interruption requirements for 

- sync case in CA scenario

- async case in DC scenario including MRDC and NR-DC
Proposal 3: In EN-DC and NE-DC operation, NR SSB based measurement requirements are allowed to be interrupted by LTE SRS carrier switching.
Proposal 4: In EN-DC and NE-DC operation, E-UTRA measurements are allowed to be interrupted by NR SRS carrier switching.

Proposal 5: For a UE which does not support per-FR measurement gaps, interruptions due to NR or LTE carrier switching happens on both FR1 and FR2. 

For UE which support per-FR gaps, only interruptions happen on the frequency range where SRS carrier switching happens.
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