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1 Introduction
In RAN4#91 meeting, Ran4 agreed to study impact of BWP switching in NR Uu(DL/UL) on NR SL. For studying it, in this paper, we would like to discuss BWP switching delay for NR V2X regarding NR V2X operating scenarios. 
2 Discussion
For BWP switching delay for NR V2X, RAN1 agreements and RAN4 agreements need to be considered.

RAN1 agreements

	RAN1 #95 meeting
Agreements:

· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· The same SL BWP is used for both Tx and Rx.
RAN1 #AH1901
Agreements:

· Only one SL BWP is configured in a carrier for a NR V2X UE.
· Configuration for SL BWP is separated from Uu BWP configuration signalling.

· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time


In addition, common understandings are,

· NR Uu(DL/UL) BWP is configured with DCI based, timer based and RRC based
· RRC based SL BWP is configured in a carrier for a NR V2X UE 

· For NR SL in the same NR UL carrier, 
· NR UL and NR SL is TDMed in FDD
· NR Uu(DL/UL) and NR SL is TDMed in TDD
RAN4 agreements

RAN4 specified the requirements of BWP switch delay for changing to new BWP for NR Uu in TS38.133 section 8.6 based on the following 4 scenarios [1].
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Figure2-1. Rel-15 BWP switch delay scenarios

· Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
· Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
· Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
· Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.
	DCI and timer based BWP switch delay
· TBWPswitchDelay
Table 8.6.2-1: BWP switch delay
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NR Slot length (ms)

BWP switch delay TBWPswitchDelay (slots)

Type 1Note 1

Type 2Note 1

0

1

1

3

1

0.5

2

5

2

0.25

3

9

3

0.125

6

18
Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.

· The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch occurs.
· The UE is not required to transmit UL signals or receive DL signals after bwp-InactivityTimer expires on the cell where timer-based BWP switch occurs
RRC based BWP switch delay
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 is the length of the RRC procedure delay in millisecond as defined in clause 12 in TS 38.331
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is the time used by the UE to perform BWP switch 
· The UE is not required to transmit UL signals or receive DL signals during the time defined by TRRCprocessingDelay+TBWPswitchDelayRRC on the cell where RRC-based BWP switch occurs


Even though NR SL BWP is defined in RAN1, it is not clear whether NR SL BWP switching is actually applicable in NR V2X. If SL BWP switching is applicable, SL BWP switching delay needs to be specified. 

Based on the Ran1 and Ran4 agreements, we investigate the BWP switching delay for following NR V2X operating scenarios with assumption of that SL BWP switching is applicable. 

· NR V2X in a ITS band

· NR V2X in a licensed band

In Rel-15 RRC based BWP switching delay is specified with [6]ms by considering multiple CCs. For NR V2X, regarding  single NR SL component carrier(CC), NR SL BWP switching delay(TSLBWPswitchingDelay) of 3ms is recommended.

Proposal 1: If NR SL BWP switching is applicable, RAN4 specify 3ms for NR SL BWP switching delay in Rel-15 regarding single SL CC. If multiple SL CCs is considered, specify 6ms. 

2.1 NR V2X in ITS band
For NR V2X in a ITS band, there are two kinds of UE supporting followings.

· ITS(NR V2X)

· ITS(NR V2X) + NR Uu

NR SL BWP switching can apply for UE supporting both NR V2X in ITS band and NR Uu in licensed band. Because, NR SL BWP switching is configured by RRC through NR DL. However, RAN4 need to identify whether NR SL BWP switching is feasible forNR V2X in ITS band or not since channel bandwidth in ITS band is not wide as NR licensed band.
If it is feasible in ITS band, related NR SL BWP switching delay needs to be investigated. Figure2.1-1 shows one example of RRC based NR SL BWP switching.
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Figure2.1-1. Example of NR SL BWP configuration for NR V2X in ITS band

From Figure2.1-1, we can see 

· RRC based NR SL BWP is reconfigured through NR DL. It requires RRC processing delay(TRRCprocessingDelay). 
· After TRRCprocessingDelay from T1, NR SL BWP switching is performed and it requires NR SL BWP switching delay(TSLBWPswitchingDelay).
· the UE is not required to transmit NR SL signals or receive NR SL signals during {TRRCprocessingDelay + TSLBWPswitchingDelay}. 
2.2 NR V2X in licensed band

For NR V2X in a licensed band, NR SL and NR Uu can be operated in a same carrier with TDMed way. With this scenairo, we investigate RRC based NR SL BWP switching delay and related impact on scheduling of NR for 3 following cases.

· Case1 : RRC based NR SL BWP switching is reconfigured in duration of NR Uu when changing from NR Uu to NR SL

· Case2: RRC based NR SL BWP switching is reconfigured in duration of NR SL (FDD)

· Case3: NR SL BWP is different from NR UL BWP when changing from NR Uu to NR SL or vice versa. 

Case1 : RRC based NR SL BWP switching is reconfigured in duration of NR Uu when changing from NR Uu to NR SL 
Figure2.2-1 shows the expected duration of no transmission or no reception in UE side when RRC based NR SL BWP switching is reconfigured at T1, T2 and T3. 
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Figure2.2-1. Example of NR SL BWP reconfiguration
From Figure2.2-1, we can see 

· the expected duration of no transmission or no reception is larger than {TRRCprocessingDelay + TSLBWPswitchingDelay} when RRC based NR SL BWP switching is too early reconfigured as Figure2.2-1 (a). It can give critical loss in NR scheduling aspects. 

· In other cases( Figure2.2-1(b) and Figure2.2-1 (c)), the expected duration of no transmission or no reception is {TRRCprocessingDelay + TSLBWPswitchingDelay}. TRRCprocessingDelay is relatively long compared to TSLBWPswitchingDelayso that impact of TRRCprocessingDelay cannot be  ignored in the expected duration of no transmission or no reception. 

We need to reduce the expected duration of no transmission or no reception due to RRC based NR SL BWP switching. One possible solution is to configure the starting time of NR SL BWP switching (TBWPstartDelay) from the end of reception of RRC reconfiguration from the network. Figure2.2-2 shows it.
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Figure2.2-2. Starting time of NR SL BWP switching 

From Figure2.2-2, if TBWPstartDelay is configured we can see 
· the expected duration of no transmission or no reception is reduced from {TRRCprocessingDelay + TSLBWPswitchingDelay} to {TSLBWPswitchingDelay}

· the UE is expected to transmit NR UL signals or to receive NR DL signals during scheduled NR Uu 

Case2: RRC based NR SL BWP switching is reconfigured in duration of NR SL (FDD)
Figure2.2-3 shows the expected duration of no transmission or no reception in UE side when RRC based NR SL BWP switching is reconfigured at T1. 
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Figure2.2-3. Example of NR SL BWP switching in duration NR SL(FDD) 

From Figure2.2-3, we can see 

· If TBWPstartDelay is not applied, the expected duration of no transmission or no reception is {TRRCprocessingDelay + TSLBWPswitchingDelay}. It can give critical loss in NR SL scheduling aspects. 

· If TBWPstartDelay is applied, the expected duration of no transmission or no reception is reduced from {TRRCprocessingDelay + TSLBWPswitchingDelay} to {TSLBWPswitchingDelay}
And, the configuration of TBWPstartDelay can also apply for NR V2X UE supporting both NR V2X in ITS band and NR Uu in licensed band. 
Case3: NR SL BWP is different from NR UL BWP when changing from NR Uu to NR SL or vice versa.
Figure2.2-4 shows the expected duration of no transmission or no reception in UE side when NR SL BWP is different from NR UL BWP when changing from NR Uu to NR SL at T1 or vice versa at T2. Here, we assume there is neither NR SL BWP switching nor NR Uu BWP switching by itself.
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Figure2.2-4. Example of NR SL BWP switching when changing from NR Uu to NR SL or vice versa
From Figure2.2-4, we can see 

· When changing from NR Uu to NR SL, the expected duration of no transmission or no reception is TSLBWPswitchingDelay if NR SL BWP is different from NR Uu BWP.

· When changing from NR SL to NR Uu, the expected duration of no transmission or no reception is TBWPswitchingDelay if NR Uu BWP is different from NR SL BWP.
For TSLBWPswitchingDelay and TBWPswitchingDelay, it can be defined by only considering time for RF/BB parameter calculating & loading and applying the new parameters such as 600us for Type1 UE and 2ms for Type2 according to the agreed LS[3] as shown in Figure2.2-5. Table 2.2-1 shows slot based BWP switch delay for it with Type1 and Type2 UE depending on UE capability as Rel-15. 
If NR Uu BWP is same as NR SL BWP when changing from NR Uu to NR SL or vice versa, there is no BWP switching delay.
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Figure2.2-5. NR SL/Uu BWP switch delay for case3 

Table 2.2-1: NR SL/Uu BWP switch delay for Type 1 UE & Type 2 UE for case3 
	SCS
	RF/BB delay(us)
	BWP SL switch delay(slots)

	
	Type1
	Type2
	Type1
	Type2

	15kHz
	600
	2000
	1
	2

	30kHz
	600
	2000
	2
	4

	60kHz
	600
	2000
	3
	8

	120kHz
	600
	2000
	5
	16


Based on the observation above, we propose,

Proposal 2: If NR SL BWP switching is applicable, RAN4 consider how to reduce the expected duration of no transmission or no reception due to the NR SL BWP switching delay. 

Proposal 3: If NR SL BWP in a licensed band is different from NR Uu BWP, specify 
· NR SL BWP switching delay in Table 2.2-1 when changing from NR Uu to NR SL
· NR Uu BWP switching delay in Table 2.2-1 when changing from NR SL to NR Uu
3 Conclusion 
In this contribution, we investigated NR SL BWP switching delay and related impact on NR Uu. Based on the investigation, we propose.

Proposal 1: If NR SL BWP switching is applicable, RAN4 specify 3ms for NR SL BWP switching delay in Rel-15 regarding single SL CC. If multiple SL CCs is considered, specify 6ms. 

Proposal 2: If NR SL BWP switching is applicable, RAN4 consider how to reduce the expected duration of no transmission or no reception due to the NR SL BWP switching delay. 

Proposal 3: If NR SL BWP in a licensed band is different from NR Uu BWP, specify 
· NR SL BWP switching delay in Table 2.2-1 when changing from NR Uu to NR SL
· NR Uu BWP switching delay in Table 2.2-1 when changing from NR SL to NR Uu
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