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1. Introduction

The WID on NR RRM enhancement in R16 is agreed in [1] and updated in [2]. One objective is added,

	(1) RRM requirement of SRS carrier switching requirements for NR SA, NR-DC, EN-DC and NE-DC including
· Delay and interruption requirements of the following cases
· LTE SRS carrier switching impacting NR CC

· NR SRS carrier switching  impacting LTE CC

· NR SRS carrier switching impacting NR CC


At RAN4#92bis meeting, the WF on SRS carrier switching RRM requirements was approved in [3]. This paper provides further analysis on the SRS carrier switching interruption requirements.
2. Discussion
· NR SRS carrier switching background
In LTE the SRS carrier switching requirements are specified for both CA and DC. Taking CA case as an example, the interruption includes two parts: one specifies the interruption for “switching to”, and the other specifies the interruption for “switching back”.
	The interruption on PCC and each of the activated SCCs during the switching to the PUSCH-less SCC shall not exceed 2 subframes including the first subframe where SRS transmission is configured on the PUSCH-less SCC.
The interruption on PCC and each of the activated SCCs during the switching from the PUSCH-less SCC shall not exceed 2 subframes including the last subframe where SRS transmission is configured on the PUSCH-less SCC.


We suggest to follow the same way to define the interruption requirements of SRS carrier switching. Then the switching time and SRS transmission are discussed in the below.
· NR SRS carrier switching time

RAN1 TS 28.214 section 6.2 depicts the SRS carrier switching procedure as below,

	A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During 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), the UE temporarily suspends the uplink transmission on carrier c2.


The SRS carrier switching time for NR UE was originally discussed in RAN4. RAN4 sent an LS in [4] to RAN1 and RAN2 on the SRS carrier switching time,
	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.


According to the LS from RAN4, RAN2 specified the corresponding capability IE for NR SRS carrier switching.
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For LTE SRS carrier switching, RAN4 RF also had a lot of discussion on the SRS carrier switching time. The agreed values are the same as NR SRS carrier switching [5]. However in RAN2 signalling design, the maximum value for SRS carrier switching is 500us. [image: image3.png]= SRS-SwitchingTimeEUTRA.

The IE SRS-SwitchingTimeEUTRA is used to indicate the SRS carrier switching time supported by the UE for one E-UTRA band pair..

SRS-SwitchingTimeEUTRA information element.
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In RAN4 when defining the corresponding RRM interruption requirements in LTE, the maximum 900us is not considered as well. In the common understanding, SRS carrier switching shall fast and impact other carriers as less as possible. Following this logic, we suggest that the NR SRS carrier switching time can consider 500us when defining interruption time.
Proposal 1: The NR SRS carrier switching time can consider 500us when defining interruption time.

· NR SRS transmission time on the switching-to-carrier
The SRS resource transmitted on the switching-to carrier is adjacent symbols within the last 6 symbols of the slot [TS38.214].
	The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying 
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 adjacent symbols within the last 6 symbols of the slot, where all antenna ports of the SRS resources are mapped to each symbol of the resource. 


Consequently the total absolute time for SRS carrier switching (one-way) and SRS transmission on the PUSCH-less CC is (500us+4symbols (depending on SCS)).

Proposal 2: The total absolute time of SRS carrier switching (one-way) and SRS transmission on the PUSCH-less CC is (500us+4symbols (depending on SCS)).

· NR SRS carrier switching impacting NR CC
For NR SRS carrier switching, the absolute time of SRS carrier switching depends on the SCS of aggressor cell. The interrupted slots depend on the timing alignment and the SCS of victim cells. Thus the interruption requirements for NR carrier switching shall consider both SCS of aggressor cell and the SCS of the victim cell.
In TS 38.133, the MRTD 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 


There is one special case for 60kHz SCS. If both aggressor cell and victim cell are on FR2 (@60kHz), then the MRTD will not introduce one additional interrupted slot as the MRTD is 8us. However if either aggressor cell or victim cell is on FR1, or the aggressor cell or victim cell are inter-band FR1(@60kHz), the MRTD will introduce one additional interrupted slot. Since the cases are complicated, we propose that an additional interruption slot is added for 60kHz. 

Figure 1 gives an example where the aggressor cell is 15kHz SCS with 4 OFDM symbols SRS configuration. The victim carrier is 60kHz SCS on FR2 band, the interrupted slots due to one way (switching-to) SRS carrier switching are 5 slots. Similar Figure 2 gives an example for SRS carrier switching back.
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Figure 1: interruption slots due to due to one way (switching-to) SRS carrier switching
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Figure 2: interruption slots due to due to one way (switching-back) SRS carrier switching
In summary, the potential interruptions for NR SRS carrier switching impacting NR CC can be defined as below:

-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.
Table 1: Interruption length X1 slot
	Victim cell SCS ([image: image7.wmf]m

)
	Aggressor Cell SCS ([image: image8.wmf]m

)

	
	0
	1
	2
	3

	0
	1
	1
	1
	1

	1
	2
	2
	2
	2

	2
	5
	4
	4
	4

	3
	8
	7
	6
	6


Proposal 3: 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.
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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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The IE SRS-SwitchingTimeEUTRA is used to indicate the SRS carrier switching time supported by the UE for one E-UTRA band pair..
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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 2: Interruption length X2 slot
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	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.
	[image: image13.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


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: The NR SRS carrier switching time can consider 500us when defining interruption time.

Proposal 2: The total absolute time of SRS carrier switching (one-way) and SRS transmission on the PUSCH-less CC is (500us+4symbols (depending on SCS)).

Proposal 3: 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.
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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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