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1. Introduction

The WF on SRS carrier switching was approved in [1]. The agreements in RAN4#94 are,
	· 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 contribution continue to discuss the interruption requirements in SRS carrier switching.
2. Discussion
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). As we know the serving carriers are synchronized in CA, thus the bullet regarding the sync and async case in the agreed WF [1] shall be modified as,

· RAN4 to define interruption requirements for sync and async case

- Requirements are based on sync case in CA scenario

- Requirements are based on async case in DC scenario
Proposal 1: RAN4 shall define interruption requirements for sync and async case

- Requirements are based on sync case in CA scenario

- Requirements are based on async case in DC scenario
· NR SRS carrier switching impacting NR CC in CA scenario
For NR SRS carrier switching, the absolute time of SRS carrier switching comprises the SRS carrier switching time and SRS transmission time which depends on the SCS of aggressor cell. It is agreed in the last meeting defining requirements for 200us, 500us and 900us SRS carrier switching time, where the SRS carrier switching time is UE capability. The interrupted slots depend on the timing alignment relation and the SCS of victim cells. Thus the interruption requirements for NR carrier switching shall consider SCS of aggressor cell, the SCS of the victim cell and the time alignment relation.
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.

Similar the other cases can follow the above principle to derive the concrete value of SRS carrier switching. 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


Proposal 2: In CA case, the interruptions on the active serving NR cells during the switching to the PUSCH-less NR SCC shall not exceed X1 slots including the first slot where NR carrier SRS transmission is configured on the PUSCH-less SCC. The interruptions on the active serving NR cells during the switching from the PUSCH-less NR SCC shall not exceed X1 slots including the first slot where NR carrier SRS transmission is configured on the PUSCH-less SCC (X1 just consider 500us SRS carrier switching time).
	Interruption length X1 (slots)

	Victim cell SCS ([image: image3.wmf]m

)
	Aggressor Cell SCS ([image: image4.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 shall be considered. It shall be noted that R16 NR DC considers the scenario that MCG is at FR1 and SCG is at FR2. The similar calculation can be performed to deduce the interruption time. Taking 500us SRS carrier switching as an example, the interruption time is shown in Table 2.

Table 2.Interruption
	Victim cell SCS ([image: image5.wmf]m

)
	Aggressor Cell SCS ([image: image6.wmf]m

)

	
	0
	1
	2
	3

	0
	-
	-
	2
	2

	1
	-
	-
	3
	3

	2
	5
	4
	4
	4

	3
	9
	7
	-
	-


Proposal 3: The interruption time (one-way) for NR SRS carrier switching impacting NR CC in NR-DC is shown as below (taking 500us SRS carrier switching time as an example).
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)
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· NR SRS carrier switching impacting LTE CC in ENDC and NEDC
When the victim cells are LTE active serving cells during NR SRS carrier switching, the granularity of the impacted time length is subframe. Considering the asynchronized ENDC or NEDC scenario, the interruption for NR SRS carrier switching on LTE CC can be defined as below.
-The interruption on the LTE active serving cells during NR SRS switching to the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.
-The interruption on the LTE active serving cells during NR SRS switching from the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.
Proposal 4: The interruption on the LTE active serving cells during NR SRS switching to the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.
The interruption on the LTE active serving cells during NR SRS switching from the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.

· LTE SRS carrier switching impacting NR CC in ENDC and NEDC
In RAN2 the capability for LTE SRS carrier switching is specified as,
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In ENDC and NEDC, when LTE SRS carrier is switching to another LTE carrier, the interruption requirements on NR cells shall be specified in TS 38.133. 
For a UE which does not support per-FR measurement gaps, interruptions to the NR serving cells are caused by EUTRA SRS carrier switching on any frequency range. For UE which support per-FR gaps, only interruptions to FR1 NR serving cells are specified.
Considering the asynchronized ENDC or NEDC scenario, the potential interruption requirements can be specified as below:

- The interruption on the NR serving cells during the switching to the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
- The interruption on the NR serving cells during the switching from the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
Table 3: Interruption length X2 slot
	[image: image10.wmf]m


	NR Slot length (ms)
	Interruption length X2 slot

	0
	1
	2

	1
	0.5
	3

	2
	0.25
	5

	3
	0.125
	9


Proposal 5: In ENDC and NEDC, the interruption on the NR serving cells during the switching to the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
The interruption on the NR serving cells during the switching from the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
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	NR Slot length (ms)
	Interruption length X2 slot
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	0.5
	3

	2
	0.25
	5

	3
	0.125
	9


For a UE which does not support per-FR measurement gaps, interruptions to the NR serving cells caused by EUTRA SRS carrier switching are on any frequency range. For UE which support per-FR gaps, only interruptions to FR1 NR serving cells are specified.

3. Conclusions

This paper provides analysis on the SRS carrier switching in R16. The proposals are provided as below:
Proposal 1: RAN4 shall define interruption requirements for sync and async case

- Requirements are based on sync case in CA scenario

- Requirements are based on async case in DC scenario
Proposal 2: In CA case, the interruptions on the active serving NR cells during the switching to the PUSCH-less NR SCC shall not exceed X1 slots including the first slot where NR carrier SRS transmission is configured on the PUSCH-less SCC. The interruptions on the active serving NR cells during the switching from the PUSCH-less NR SCC shall not exceed X1 slots including the first slot where NR carrier SRS transmission is configured on the PUSCH-less SCC (X1 just consider 500us SRS carrier switching time).
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Proposal 3: The interruption time (one-way) for NR SRS carrier switching impacting NR CC in NR-DC is shown as below (taking 500us SRS carrier switching time as an example).
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Proposal 4: The interruption on the LTE active serving cells during NR SRS switching to the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.
The interruption on the LTE active serving cells during NR SRS switching from the PUSCH-less NR CC shall not exceed 2 subframes including the first slot where SRS carrier transmission is configured on the PUSCH-less NR CC.

Proposal 5: In ENDC and NEDC, the interruption on the NR serving cells during the switching to the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
The interruption on the NR serving cells during the switching from the PUSCH-less LTE SCC shall not exceed X2 slots including the first slot where LTE carrier SRS transmission is configured on the PUSCH-less SCC.
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For a UE which does not support per-FR measurement gaps, interruptions to the NR serving cells caused by EUTRA SRS carrier switching are on any frequency range. For UE which support per-FR gaps, only interruptions to FR1 NR serving cells are specified.
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