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1. Introduction
In RAN4#92 meeting, companies showed concern on the discussion about channel raster and sync raster for NR V2X band n47 in [1]. Based on WF R4-1910403[2], further discussion on the channel raster and sync raster is requisite.
	5.4E
	Channel arrangement for V2X
	· For ITS band operation, RAN4 need to discuss whether further optimization on channel/synchronization raster will be need. 


In this contribution, we will further discuss channel raster and sync raster for NR V2X, and whether RAN4 needs to further optimize on them.
2. Discussion
2.1. Channel raster
Regulation related to 5.9GHz

In this reference [3], ECC issued a recommendation(ECC/REC/(08)01) in 2008 regarding ITS in the 5.9GHz band (see figure 1). The very same year EU designated a 30MHz frequency band (5875-5905MHz) for ITS through Commission Decision 2008/671/EC.
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Figure 1. Overview of frequency band at 5.9 GHz
In China, frquency range of 5905-5925 MHz with 20MHz bandwidth is allocated and the supported channel bandwidth is 10/20MHz.
In last meeting it was brought up that channel raster for band n47 (5.9GHz) may need revision according to this regulation related to 5.9GHz. 
Channel raster for LTE V2X
For LTE V2X band 47, channel raster of 100kHz is used. As for E-UTRA channel numbers of band 47, the following table is defined for LTE V2X. No restrictions on E-UTRA channel numbers are defined based on the regulation in Figure1 in TS 36.101 or TS 36.104.
Observation 1: LTE V2X channel raster definition is 100kHz for band 47 which does not consider any further possible regulation.
Since LTE V2X channel numbers are not restricted by the recommendation ECC issued in 2008 or the decision EU designated at the same year, RAN4 doesn’t have to restrict NR-V2X channel numbers based on the regulation.
Proposal 1: RAN4 doesn’t have to restrict NR-V2X channel numbers based on the 5.9GHz regulation ECC or EU issued.
Table 1: E-UTRA channel numbers for LTE band 47
	E-UTRA Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	47
	5855
	54540
	54540-55239
	5855
	54540
	54540-55239


Channel raster for DSRC
The channel arrangement for DSRC at 5.9 GHz is based on 10MHz channel granularity as depicted in Figure 2. It is noted that DSRC channel allocation is submitted to the recommendations ECC or EU issued in 2008.
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Figure 2: DSRC channel allocation (cited from the internet)
Observation 2: DSRC channel allocation is based on 10MHz channel granularity which is submitted to regulation requirements.

Channel raster for NR V2X
When it comes to channel raster design for NR-V2X, we have two options as follows:
Option 1: SCS based channel raster (similar to NR)

Option 2: Regulation based channel raster (Similar to DSRC or NR-U)

Option 1 was brought up at the last meeting in our paper [1]. We proposed to define 15/30/(60) kHz channel raster for band n47. The applicable NR-ARFCNs were calculated as Table 2:
Table 2. NR V2X channel numbers for band n47

	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n47
	15
	790334-<1>-795000
	790334-<1>-795000

	
	30
	790334-<2>-795000
	790334-<2>-795000

	
	(60)
	(790334-<4>-795000)
	(790334-<4>-795000)


However, both LTE and NR V2X use 5.9GHz band, if different channel rasters are used for LTE and NR sidelink, then the inter-subcarrier interference and misalignment between LTE and NR sidelink carrier would be an issue. To solve this issue, we also proposed 300kHz channel raster for n47 in case of LTE and NR share the same channel.
Option 2 is based on the recommendations ECC and EU issued in 2008. Also, it is similar to DSRC or NR-U. If NR-V2X adopts the regulatory recommendations as figure 1, then the channel allocation could be based on a channel granularity of 10MHz. In this case, similar approach of defining channel raster for NR-U unlicensed band n46 can be used.
To be more specific, channel arrangement of 10M/20M/40MHz according to regulation needs to be considered when defining channel raster for 5.9GHz. (Option 2 can reference NR-U channel raster.)
· For 10MHz channel bandwidth, the channel frequency can be 5860MHz, 5870MHz, 5880MHz, 5890MHz, 5900MHz, 5910MHz, 5920MHz.

· For 20MHz channel bandwidth, the channel frequency can be 5865MHz, 5885MHz, 5905MHz.

· For 40MHz channel bandwidth, the channel frequency can be 5875MHz.

· Also, the channel frequency of 10/20/40MHz channel bandwidth should be revisited according to the global frequency raster of band n47.
From our perspective, option 1 reuses the NR channel raster design as much as possible, and it can provide higher flexibility to channel allocation for NR V2X band n47 compared with option 2. Furthermore, option 1 can also reduce a lot of efforts when defining channel raster for n47. 
For option 2, it will give a lot of complexity when defining NR V2X channel numbers.

· NR V2X supports 10/20/40MHz channel bandwidths while DSRC only supports 10MHz channel bandwidth. When it comes to conforming to the regulatory requirements, extra considerations need to be taken for 20/40MHz other than 10MHz channel bandwidth for NR-U.
· Regulation based channel raster should be adjusted to the global frequency, which is also an issue.
· CA operation needs to be taken care of when adopting option2 as channel raster for NRV2X.
In summary, we prefer to adopt SCS based channel raster for NR V2X n47. We do not want to introduce extra complexity for channel raster design for band n47.
Proposal 2: Define 15/30/(60)kHz channel raster for band n47 and the applicable NR-ARFCNs are calculated as follows:

	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n47
	15
	790334-<1>-795000
	790334-<1>-795000

	
	30
	790334-<2>-795000
	790334-<2>-795000

	
	(60)
	(790334-<4>-795000)
	(790334-<4>-795000)

	Note: For the case of LTE and NR share the same channel, use 300kHz channel raster for band n47.


2.2. Sync raster for band n47
At last meeting, some companies thought sync raster was related to SSB design in RAN1. We copied the following agreements in RAN1 AH1901[4]:
•
The frequency location for S-SSB is (pre-) configured
o
Note: it implies that there is no intended hypotheses detection in frequency location of S-SSB performed by the UE for a carrier in a given band

o
Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4
The concept of sync raster is to define all the possible SSB frequency locations used for blind search for SSB.  According to RAN1’s agreements on S-SSB, the frequency location for S-SSB is (pre)configured. In our understanding, the initial search for S-SSB is not needed anymore. Therefore, there is no need to define sync raster for NR V2X band n47. 
Proposal 3: No need to define sync raster for NR V2X band n47.
For the second note from RAN1’s agreements, we think whether to restrict the potential frequency locations for S-SSB depends on the agreement of channel raster for band n47.

Case 1: SCS based channel raster is used for NR V2X band n47.

Case 2: Regulation based channel raster is used for NR V2X band n47. 
For case1, the channel allocation for NR V2X band n47 is flexible since the channel raster is SCS based. S-SSB locations are also flexible with such flexible channel allocations. The basic restriction for S-SSB is that at least one S-SSB location is covered in each possible operating channel. If reduced number of S-SSB frequency location is prefered,  then GSCN parameters for the global frequency raster could apply for band n47 for further restriction on S-SSB locations. The S-SSB locations all depend on the (pre)configuration in RAN1. 
For case2, the channel allocation is submitted to the regulation recommendations and the S-SSB locations are restricted because of such fixed channel allocations. RAN4 needs to provide the restrictions to RAN1 about the locations of S-SSB if case2 is used for channel raster for band n47.
Proposal 4: How to restrict the potential frequency locations for S-SSB depends on the agreement of channel raster for band n47.
3.  Conclusion
This contribution further discusses channel raster and sync raster for NR V2X band n47. The following observations and proposals are made:
Observation 1: LTE V2X channel raster definition is 100kHz for band 47 which does not consider any further possible regulation.
Proposal 1: RAN4 doesn’t have to restrict NR-V2X channel numbers based on the 5.9GHz regulation ECC or EU issued.
Observation 2: DSRC channel allocation is based on 10MHz channel granularity which is submitted to regulation requirements.
Proposal 2: Define 15/30/(60)kHz channel raster for band n47 and the applicable NR-ARFCNs are calculated as follows:

	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n47
	15
	790334-<1>-795000
	790334-<1>-795000

	
	30
	790334-<2>-795000
	790334-<2>-795000

	
	(60)
	(790334-<4>-795000)
	(790334-<4>-795000)

	Note: For the case of LTE and NR share the same channel, use 300kHz channel raster for band n47.


Proposal 3: No need to define sync raster for NR V2X band n47.

Proposal 4: How to restrict the potential frequency locations for S-SSB depends on the agreement of channel raster for band n47.
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