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Introduction
In RAN#98-e, the work item revision of NR sidelink evolution was approved [1]. Two key requirements have been identified for commercial sidelink applications:
· Increased sidelink data rate 
· Support of new carrier frequencies for sidelink
The main benefit is to make sidelink more applicable for a wider range of applications. The key objectives related to RAN4 RF part are captured as follows:
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#99)
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
3. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
4. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
In this contribution, we provide our initial views on NR sidelink evolution for the following aspects: Operating bands, channel bandwidth, channel raster and sync raster, maximum output power.
Discussion
Operating bands for SL evolution
From the objectives of NR SL evolution, these types of operating bands can be considered:
· FR1 sidelink CA operating bands
· FR1 sidelink operating bands (unlicensed focused on n46 and n96/n102) 
· FR1 sidelink band combinations
· FR2 sidelink operating bands
For NR sidelink CA, this part is put on hold until further checking in RAN#99. We can discuss SL CA when this objective is concluded. 
For FR1 sidelink operating bands, we can focuse on band n46 and n96/n102. For SL unlicensed bands, these bands are recommended for this WI as shown in table 1.
Table 1. Recommended SL-U operating bands
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n46
	5150 MHz – 5925 MHz
	5150 MHz – 5925 MHz
	TDD13

	n9614
	5925 MHz – 7125 MHz
	5925 MHz – 7125 MHz
	TDD13

	n10214
	5925 MHz – 6425 MHz
	5925 MHz – 6425 MHz
	TDD13

	NOTE 13:	This band is restricted to operation with shared spectrum channel access as defined in 37.213.
NOTE 14:	This band is applicable only in countries/regions designating this band for shared-spectrum access use subject to country-specific conditions.


For FR1 band combinations, Uu and SL-unlicensed band combinations are within the study scope. For FR2 licensed spectrum, vehicular UE with Power class 2 can be a starting point for enhanced sidelink operation.
For now, only unlicensed spectrum for SL operation is clear. We can focus on this scenario as first priority.
Proposal 1: Prioritize the work for SL-unlicensed spectrum for single carrier operation.
[bookmark: _Hlk110692848]Channel bandwidth for SL evolution
One of the key requirements for SL evolution is to increase sidelink date rate. It is expected to support wider channel bandwidths for sidelink in order to adapt more advanced services. However, we agreed to define maximum channel bandwidth as 40MHz for both licensed and unlicensed spectrums in Rel-17 SL enhancement.
NR V2X operation channel bandwidths for each operating band is specified in Table 5.3E.1-1. The same (symmetrical) channel bandwidth is specified for both the transmission and reception path. The maximum channel bandwidth for SL operation in licensed band is 40MHz.
Table 5.3E.1-1 NR V2X operation channel bandwidths for each operating band
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	n14
	15
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	
	
	

	
	60
	
	
	
	
	

	n38
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes

	n47
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes


For Rel-18 SL evolution, we suggest to reconsider the restriction of 40MHz maximum channel bandwidth for SL operation in FR1. Adding larger channel bandwidths than 40MHz for existing bands and defining larger channel bands for new SL operating bands can be discussed in this WI. For FR2 licensed spectrum, we can discuss the supported channel bandwidths for SL operation based on the band request.
[bookmark: _Hlk127367820]Proposal 2: Remove the restriction of maximum 40MHz channel bandwidth for FR1 SL operation in Rel-18 SL evolution.
Channel Raster/Sync Raster
For unlicensed bands n46, n96, n102, the channel rasters are defined as fixed channel arrangement in order to align with the channel centres defined in Wi-Fi. Taking unlicensed band n46 as an example, the Allowed NREF (NR-ARFCN) for operation in Band n46 are defined as follows:
Table 5.4.2.3-2: Allowed NREF (NR-ARFCN) for operation in Band n46
	Channel Bandwidth
	Allowed NREF

	10 MHz
	782000, 788668

	20 MHz
	744000, 745332, 746668, 748000, 749332, 750668, 752000, 753332, 754668, 756000, 765332, 766668, 768000, 769332, 770668, 772000, 773332, 774668, 776000, 777332, 778668, 780000, 781332, 783000, 784332, 785668, 787000, 788332, 789668, 791000, 792332, 793668

	40 MHz
	744668, 746000, 748668, 751332, 754000, 755332, 766000, 767332, 770000, 772668, 775332, 778000, 780668, 783668, 786332, 787668, 790332, 793000

	60 MHz
	745332, 746668, 748000, 752000, 753332, 754668, 766668, 768000, 769332, 773332, 774668, 778668, 780000, 784332, 785668, 791000, 792332

	80 MHz
	746000, 747332, 752668, 754000, 767332, 768668, 774000, 779332, 785000, 791668

	100 MHz
	746668, 753332, 768000, 791000

	NOTE:	10 MHz channel bandwidth shall only apply in certain regions where the absence of non 3GPP technologies can be guaranteed on a long-term basis in this version of specification.


[bookmark: _Hlk127366130]For unlicensed bands used for sidelink operation, whether to adopt the same channel raster scheme for SL-U bands needs further study. The potential solutions for SL-U channel raster we can think of are:
· Reuse fixed channel raster numbers for SL-unlicensed bands
· General SCS-based channel raster for SL-unlicensed bands
For sync raster design, there is no synchronization raster definition for NR V2X for both licensed bands and unlicensed bands. However, for unlicensed bands, the applicable SS raster entries are defined based on fixed channel arrangement.
Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n463
	30 kHz
	Case C
	8993 – <1> – 9530

	n964
	30 kHz
	Case C
	9531 – <1> – 10363

	n1029
	30 kHz
	Case C
	9531 – <1> – 9877

	NOTE 3:	The following GSCN are allowed for operation in band n46:
	GSCN = {8996, 9010, 9024, 9038, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9274, 9288, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9458, 9472, 9485, 9499, 9513}.
NOTE 4:	The following GSCN are allowed for operation in band n96:
	GSCN = {9548, 9562, 9576, 9590, 9603, 9617,9631, 9645, 9659, 9673, 9687, 9701, 9714, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867, 9881, 9895, 9909, 9923, 9937, 9951, 9964, 9978, 9992, 10006, 10020, 10034, 10048, 10062, 10076, 10090, 10103, 10117, 10131, 10145, 10159, 10173, 10187, 10201, 10214, 10228, 10242, 10256, 10270, 10284, 10298, 10312, 10325, 10339, 10353}.
NOTE 9:	The following GSCN are allowed for operation in band n102:
	GSCN = {9548, 9562, 9576, 9590, 9603, 9617,9631, 9645, 9659, 9673, 9687, 9701, 9714, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867}.


The potential solutions for SL-U sync raster we can think of are:
· No sync raster definition for SL-U
· Reuse unlicensed sync raster definition for SL-U
[bookmark: _Hlk127367836]Proposal 3: Discuss channel raster and sync raster solutions for SL-U bands:
	Channel raster for SL-U
	Sync raster for SL-U

	· Reuse fixed channel raster numbers for SL-unlicensed bands
· General SCS-based channel raster for SL-unlicensed bands
	· No sync raster definition for SL-U
· Reuse unlicensed sync raster definition for SL-U




Maximum output power for SL-U
The default power class is 23dBm for SL operation. In Rel-17 NR SL enhancement, HPUE feature was introduced for SL operation. PC2 can be supported for ITS band n47 and PC1 can be supported for band n14 for public services. However, the default power class is 20dBm for unlicensed bands, which is lower than the default power class for SL operation.
If the unlicensed bands are used for SL operation, it is not sure power class 5 can meet the requirements for sidelink operation. It is suggested to discuss whether PC3 or PC2 can be used for SL-U operation.
Table 6.2F.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	n46
	
	
	
	
	
	
	20
	+2/-3

	n96
	
	
	
	
	
	
	20
	+2/-3

	n102
	
	
	
	
	
	
	20
	+2/-3

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:	Power class 5 is default power class unless otherwise stated.



[bookmark: _Hlk127367866]Proposal 4: Discuss whether to use power class 5 as the default power class for SL-U.
 Conclusion
This contribution discusses operating bands, channel bandwidths, channel raster/sync raster for SL evolution. The following proposals are made:
Proposal 1: Prioritize the work for SL-unlicensed spectrum for single carrier operation.
[bookmark: _GoBack]Proposal 2: Remove the restriction of maximum 40MHz channel bandwidth for FR1 SL operation in Rel-18 SL evolution.
Proposal 3: Discuss channel raster and sync raster solutions for SL-U bands:
	Channel raster for SL-U
	Sync raster for SL-U

	· Reuse fixed channel raster numbers for SL-unlicensed bands
· General SCS-based channel raster for SL-unlicensed bands
	· No sync raster definition for SL-U
· Reuse unlicensed sync raster definition for SL-U


Proposal 4: Discuss whether to use power class 5 as the default power class for SL-U.
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