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Introduction
During RAN4#94e meeting, the interruption requirements for async case were agreed for SRS carrier switching and the way forward is captured in [1]. There are still some open issues e.g. whether to define the interruption requirements for sync case, and the impact to RRM measurement requirements etc. In this contribution, we are discussing these aspects. 
Discussion
Applicability of SRS carrier switching time
From last meeting, the applicability of SRS carrier switching time was well aligned as below. As RAN4 agreed to define the requirements for 200us, 500us and 900us SRS carrier switching time, the applicability of respective requirement also needs to be clarified. That is, the requirements corresponding to 500us and 900us are not applied to intra-band CA.   
· Intra-band CA: 0us, 30us, 100us, 140us and 200us
· Inter-band CA: 0us, 30us, 100us, 200us, 300us, 500us and 900us
Proposal1: The applicability of respective requirement for SRS carrier switching needs to be explicitly defined in RAN4 spec, i.e. the requirement corresponding to 500us and 900us are not applied to intra-band CA.  
Interruption requirements at SRS carrier switching
The interruption requirements for async case were agreed during last meeting. It is understood async case refers to the worst case in EN-DC and NE-DC. As synchronization is always assumed for CA, separate interruption requirements shall be defined for CA. 
Proposal2: Define separate interruption requirements at SRS carrier switching for CA. 
Intra-band CA
For intra-band non-contiguous NR CA, the MRTD requirement is specified in [2] as below. The interruption requirements shall be defined based on 200us switching time considering also the MRTD, i.e. sum of the SRS transmission time and SRS carrier switching time and is derived in terms of number of slots as in Table 1 and Table 2. As different sets of SCSs are applied to FR1 and FR2 respectively, the interruptions are listed in different tables. Accordingly, the interruption at SRS carrier switching for intra-band CA can be defined as below: 
The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X1 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X1 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X1 is defined in Table 1 and Table 2 for FR1 and FR2 respectively. 
Proposal3: It is proposed to define the interruption requirements for intra-band CA as:
The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X1 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X1 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X1 is defined in Table 1 and Table 2 for FR1 and FR2 respectively. 
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
31
FR2
0.26
Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



Table 1. Interruptions (X1 #slots) at SRS carrier switching for intra-band CA in FR1
[image: ]
Table 2. Interruptions (X1 #slots) at SRS carrier switching for intra-band CA in FR2
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Inter-band NR CA
For inter-band CA, the MRTD requirement is defined as below. The interruption requirements shall be defined for 200us, 500us and 900us switching time respectively, and are applied to inter-band CA within FR1 and inter-band CA between FR1 and FR2. The interruption at SRS carrier switching for inter-band CA can be defined as below:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
Frequency Range of the pair of carriers
Maximum receive timing difference (µs) 
FR1
33
FR2
8
Between FR1 and FR2
25 



The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X2 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X2 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X2 is defined in Table 3 for inter-band CA within FR1 and between FR1 and FR2. 
Proposal4: It is proposed to define the interruption requirements for inter-band CA as:
The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X2 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X2 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X2 is defined in Table 3 for inter-band CA within FR1 and inter-band CA between FR1 and FR2. 
Table 3. Interruption time given different SRS switching time
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For EN-DC and NE-DC cases, if FR1+FR2 is considered, the UE architecture for FR1 and FR2 may not be tightly coupled dependent on the UE capability. The LTE serving cells in FR1 may not be interrupted due to the NR SRS carrier switching in FR2, and vice versa. Therefore, the interruptions due to SRS carrier switching shall apply to the cells on the same frequency range if the UE support per-FR measurement gaps capability. 
Proposal5: The interruptions due to SRS carrier switching shall apply to the cells on the same FR if the UE supports per-FR measurement gap capability. 
Impact to RRM measurement requirements 
From last meeting, no impact to NR measurement requirements was agreed relevant to measurements based on SSB/CSI-RS due to NR SRS carrier switching. It is still FFS whether there is any impact in EN-DC and NE-DC scenarios. 
According to RAN1 spec below, the UE is not expected to be configured with SRS resource which may collide with SSB. Therefore, the NR measurement requirements would not be impacted by NR SRS carrier switching. However, LTE and NR are operating independently in EN-DC and NE-DC scenarios. The NR SRS carrier switching may be configured at the same time with the RRM measurement occasions in LTE. In this case, the UE shall prioritize the RRM measurement over SRS carrier switching, therefore the measurement requirements are not impacted. 
[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.


Proposal6: For EN-DC and NE-DC scenarios, the RRM measurement shall be prioritized when it collides with SRS carrier switching. 
Conclusion
This contribution discusses the open issues of SRS carrier switching including the applicability, interruption in sync case and the impact to RRM measurement requirements. The proposals are summarized as below: 
Proposal1: The applicability of respective requirement for SRS carrier switching needs to be explicitly defined in RAN4 spec, i.e. the requirement corresponding to 500us and 900us are not applied to intra-band CA.  
Proposal2: Define separate interruption requirements at SRS carrier switching for CA. 
Proposal3: It is proposed to define the interruption requirements for intra-band CA as:
The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X1 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X1 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X1 is defined in Table 1 and Table 2 for FR1 and FR2 respectively. 
Proposal4: It is proposed to define the interruption requirements for inter-band CA as:
The interruption on PCell and each of the activated SCells during the switching to the PUSCH-less SCell shall not exceed X2 slots including the first slot where SRS transmission is configured on the PUSCH-less SCell.
The interruption on PCell and each of the activated SCells during the switching from the PUSCH-less SCell shall not exceed X2 slots including the last slot where SRS transmission is configured on the PUSCH-less SCell.
Where X2 is defined in Table 3 for inter-band CA within FR1 and inter-band CA between FR1 and FR2. 
Proposal5: The interruptions due to SRS carrier switching shall apply to the cells on the same FR if the UE supports per-FR measurement gap capability. 
Proposal6: For EN-DC and NE-DC scenarios, the RRM measurement shall be prioritized when it collides with SRS carrier switching. 
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