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1. Introduction
The sidelink-e system parameter has been discussed during the last RAN4 meeting and the bands and initially supported bandwidth have been agreed. In this paper, we give further analysis on system parameter for sidelink unlicensed operation.
2. Discussion
The system parameter has been discussed in the last RAN4 meeting and according to the agreed WF[1], still the open issues are captured as below. In this paper we try to give further discussion on these open issues.
Sub-topic 2-4: Channel arrangement
This sub-topic discusses following Issues: Channel spacing, Channel raster and Synchronization raster for NR SL-U.
Issue 2-6: Channel spacing
· Proposals
· [bookmark: _Hlk127803939]Option 1: Both SideLink and NR-U refer to generic requirements in TS38.101-1 clause 5.4.1. No need to define new Channel spacing for NR SL-U. (LGE)
Proposed way forward: FFS

Issue 2-7-1: Channel raster
· Proposals
· Option 1: Discuss channel raster solutions for SL-U bands (vivo)
· Option 2: Reuse the channel raster definitions for bands n46, n96 and n102 as specified in clause 5.4.2.1 NR-ARFCN and channel raster.(LGE, Oppo, Huawei)
Proposed way forward: FFS

Issue 2-7-2: Applicability of V2X channel raster shift
· Proposals
· Option 1: RAN4 to discuss whether the V2X channel raster shift should apply to sidelink in n46/96/102 (QC)
· Option 2: No need to define channel raster shift in NR SL-U (Oppo)
Proposed way forward: FFS

Issue 2-7-3: Channel raster to resource element mapping
· Proposals
· Option 1: Both SideLink and NR-U refer to generic requirements in TS38.101-1 clause 5.4.2.2. No need to define new Channel raster to resource element mapping for NR SL-U. (LGE)
Proposed way forward: FFS

Issue 2-7-4	: Channel raster entries for each operating band
· Proposals
· Option 1: Both SideLink and NR-U refer to generic requirements in TS38.101-1 clause 5.4.2.3. No need to define new Channel raster entries for each operating band for NR SL-U.(LGE)
Proposed way forward: FFS

Issue 2-8: Synchronization raster
· Proposals
· Option 1: Reuse unlicensed sync raster definition for SL-U (vivo)
· Option 2: Whether to define synchronization raster for SL-U is up to RAN1’s conclusion based on S-SSB design in Rel-18. (Huawei)
· Option 3: No sync raster definition for SL-U (LGE, Oppo)
Proposed way forward: FFS

Issue 2-9-1: Requirements for wideband operation
· Proposals
· Option 1: The requirements on wideband operation defined in Rel-16 can be reused in Rel-18. (Huawei)
Proposed way forward: FFS

Issue 2-9-2: Intra-cell guard bands for wideband operation of SL-U
· Proposals
· Option 1: Intra-cell guard bands for wideband operation defined in NR-U are reused for SL-U (Oppo)
· Option 2: In SL-U, similar approach can be introduced with nominal intra-cell guard band and the intraCellGuardBandsSLTX-List and intraCellGuardBandsSLRX-List can be introduced. (Xiaomi)
Proposed way forward: FFS



For the channel raster, since the current work is try to use the unlicensed band for sidelink operation, the channel raster defined specifically for band n46, n96 and n102 should be reused. For the channel raster shift, it has been agreed in the WF[2] as captured below:
[image: ]
Two sets of frequency shift was agreed for co-existence as shift set 1 is caused when NR V2X coexist with LTE V2X using 100kHz channel raster above 3GHz frequency band and set 2 comes from subcarrier alignment between LTE uplink/sidelink and NR sidelink. For unlicensed spectrum, currently the band n46, n96 and n102 were agreed and the channel raster points are listed in table 5.4.2.3-2/-3/-4 respectively. In this case, the frequency shift is not needed.
Proposal 1: The frequency shift of NR sidelink is not needed.
Proposal 2: Reuse the channel raster entries of band n46, n96 and n102 for SL-U.
For the other requirements, such as channel spacing, channel raster and channel raster resource mapping, both NR sidelink and NR-U refer to the general requirement and hence the general requirement can be re-used.
Proposal 3: For channel spacing, channel raster and channel raster resource mapping, general requirement can be re-used.
For the sync raster design, it is related to RAN1 S-SSB design. Currently RAN1 agreement on S-SSB design is captured as below:
Agreement
For S-SSB transmission within 1 RB set, down-select to one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), how to reduce PAPR, etc.
· FFS gap of 0
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS.


From our understanding, different options can lead to different S-SSB frequency domain location. In this case, we might need to wait until the S-SSB design is clear to further decide whether the sync raster is needed or not for Sidelink unlicensed operation,
Proposal 4: To wait RAN1 S-SSB design to define the sync raster of SL-U.
For the wide-band operation, it has been discussed in our paper in the last meeting. RAN1 has agreed to support multiple channel transmission for NR sidelink operation. The agreement is captured as below:
RAN1#109-e:
Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation
RAN1#110-bis-e:
Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission


Furthermore, for the intra-cell guard band, the PRBs of two adjacent RB sets can be used for PSSCH and PSCCH transmission which is also agreed as captured above from RAN1#110-bis-e meeting.
Observation 1: Wide-band operation is supported for SL-U in RAN1 design.
Observation 2: Intra-cell guard band PRBs are agreed to be used for PSSCH/PSCCH transmission.
With the above observations, we believe the wide-band operation and intra-cell guard band definition of NR-U can be re-used for SL-U. In NR-U, nominal intra-cell guard band for wideband operation as well as the IE for intraCellGuardBandsUL-List and intraCellGuardBandsDL-List has been introduced to set the nominal intra-cell guard band and the capability to report corresponding intra-cell guard band dynamically. The nominal intra-cell guard bands for wideband operation has been captured from TS 38.101-1 for reference. From our understanding, the similar nominal intra-cell guard bands can be applied for SL-U wide band operation. Also the similar list for sidelink TX and sidelink RX can be introduced for the communication of both TX and RX UEs to know the exact intra-cell guard band.
Table 5.3.3-2: Nominal intra-cell guard bands for wideband operation
SCS
(kHz)
40 MHz
60 MHz
80 MHz
100 MHz
15
105-6-105
(216)
N/A
N/A
N/A
30
50-6-50
(106)
50-6-50-6-50
(162)
50-6-50-5-50-6-50
(217)
50-6-50-6-49-6-50-6-50
(273)
60
23-5-23
(51)
23-5-23-5-23
(79)
23-5-23-5-23-5-23
(107)
23-5-23-5-23-5-23-5-23
(135)
NOTE 1:	The intra-cell guard band is denoted TBW0-GB0-…-GBN_RBset-2-TBWN_RBset-1 for N_RBset > 1 number of RB-sets with TBWr the maximum transmission bandwidth (PRB) of RB-set r and GBr the guard band (PRB) above the upper edge of RB-set r. The RB-set 0 is starting at the first common resource block (CRB) of the carrier as indicated by offsetToCarrier. The total transmission bandwidth configuration (size of resource grid) including guard bands is given in between parentheses.


Observation 3: In NR-U, nominal intra-cell guard band for wideband operation as well as the IE for intraCellGuardBandsUL-List and intraCellGuardBandsDL-List has been introduced.
Proposal 5：In SL-U, similar approach can be introduced with nominal intra-cell guard band and the intraCellGuardBandsSLTX-List and intraCellGuardBandsSLRX-List can be introduced.
3	Conclusions
In this contribution, we give initial discussion on the sidelink evolution and the observation and proposals are shown as below:
Observation 1: Wide-band operation is supported for SL-U in RAN1 design.
Observation 2: Intra-cell guard band PRBs are agreed to be used for PSSCH/PSCCH transmission.
Observation 3: In NR-U, nominal intra-cell guard band for wideband operation as well as the IE for intraCellGuardBandsUL-List and intraCellGuardBandsDL-List has been introduced.
Proposal 1: The frequency shift of NR sidelink is not needed.
Proposal 2: Reuse the channel raster entries of band n46, n96 and n102 for SL-U.
Proposal 3: For channel spacing, channel raster and channel raster resource mapping, general requirement can be re-used.
Proposal 4: To wait RAN1 S-SSB design to define the sync raster of SL-U.
Proposal 5：In SL-U, similar approach can be introduced with nominal intra-cell guard band and the intraCellGuardBandsSLTX-List and intraCellGuardBandsSLRX-List can be introduced.
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Frequency Shift for Channel raster

* For coexistence, 2 types of frequency shift will be considered

* Shift Set 1: N*5kHz
* This shift is caused when NR V2X coexist with LTE V2X using 100kHz channel raster
above 3GHz frequency band
» Shift Set 2: 7.5kHz

* This shift comes from subcarrier alignment between LTE uplink/sidelink (SC-FDMA w/
7.5kHz shift) and NR sidelink(CP-OFDM)

* Applicability of frequency shift
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