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1. Introduction
The sidelink-evolution WID [1] has been started in RAN1 and RAN2 last year while based on the timeline the RAN4 work will start this year.  Some initial and general discussion has been provided with our companion paper. Currently the UE RF requirement discussion will focus on the unlicensed band sidelink operation and further discussion on sidelink CA as well as FR2 sidelink will be decided after the RAN#99 meeting. Hence in this paper, we focus on the unlicensed sidelink operation to see the impact on UE RF requirement.
2. Discussion
Generally, the TS 38.101-1/-3 has proposed different suffix for different features. The suffix E has been proposed for sidelink operation while the suffix F is used for shared spectrum to capture specific requirements. During the Rel-16 discussion, SL-MIMO has faced similar situation and the requirements are still captured in sidelink suffix E. In this case, it is still proposed for the unlicensed spectrum requirement, to capture the requirement in suffix E in TS 38.101-1/-3.
Proposal 1: To capture the sidelink unlicensed requirement in suffix E in TS 38.101-1/-3.
Currently the intra-band concurrent operation has been introduced in band n79 per operator request. For the SL-U, during the RAN1 discussion, whether to consider SL-U/NR-U operating in the same carrier is FFS per the agreement in RAN1#109-e discussion and still there is no new update of this issue. In this case, it is suggested not to consider the intra-band concurrent operation in unlicensed band in Rel-18. 
Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.


Proposal 2: Not to consider the intra-band concurrent operation in unlicensed band in Rel-18.
2.1 System parameter
Currently the band n46, n96 and n102 has been proposed as unlicensed band with specific region and the channel 
	n46
	5150 MHz – 5925 MHz
	5150 MHz – 5925 MHz
	TDD13

	n9613
	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.


The band n46 has covered the unlicensed spectrum widely while the band n96 and band n102 has only covered some specific country for shared spectrum access as denoted the note in TS 38.101-1. For the sidelink unlicensed spectrum operation, it is proposed to introduce the above 3 bands and corresponding notes for country specific conditions should also be kept.
Proposal 3: It is proposed to introduce band n46. n96 and n102 and corresponding notes for country specific conditions should also be kept.
For the channel bandwidth, currently the channel bandwidth supported for sidelink operation only covers up to 40MHz as captured below table:
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


While the channel bandwidth supported for the unlicensed band is listed as below:
	n46
	15
	
	105
	
	20
	
	
	
	40
	
	
	
	
	
	
	

	
	30
	
	105
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	
	60
	
	105
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	n96
	15
	
	
	
	20
	
	
	
	40
	
	
	
	
	
	
	

	
	30
	
	
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	
	60
	
	
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	n102
	15
	
	
	
	20
	
	
	
	40
	
	
	
	
	
	
	

	
	30
	
	
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	
	60
	
	
	
	20
	
	
	
	40
	
	
	60
	
	80
	
	1004

	NOTE 4:	This UE channel bandwidth is optional in this release of the specification.
NOTE 5:	For this bandwidth, the minimum requirements are restricted to operation when carrier is configured as an SCell part of DC or CA configuration.


Specifically as stated in note 4, the 100MHz channel bandwidth is optional in Rel-17. For note 5 of the 10MHz channel bandwidth, the minimum requirement only apply to DC or CA configuration. Currently the sidelink CA is not supported and hence the 10MHz can wait until the sidelink CA work decided in RAN#99. 
Proposal 4:  To put 10MHz on hold to wait for sidelink CA discussion.
Furthermore, during the band n79 discussion, the upper limit of 40MHz is kept even band n79 can support larger channel bandwidth. However, this is because the licensed spectrum is quite limited and the intra-band concurrent operation is treated as the normal use case for operator to fully use the whole spectrum. For the unlicensed spectrum, as currently the large channel bandwidth with up to 80MHz as mandatory supported, we believe the larger channel bandwidth will help the V2X service to have better performance. Furthermore, if the handheld UE can support up to 80MHz as wide-band operation, it is reasonable for sidelink operation to also support this large channel bandwidth. Also the RAN1 agreement in RAN1#109-e meeting has already agreed the multiple channels transmission is supported for NR sidelink as captured 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


Observation 1: RAN1 has agreed to support multiple channel transmission for NR sidelink operation.
Proposal 5: To support up to 80MHz as mandatory and 100MHz as optional in band n46, n 96 and n102 for sidelink unlicensed operation.
As the wide band operation is supported, then the similar question of NR-U should also apply to the SL-U as how the UE knows the intra-cell guard band for both TX and RX UE. 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 2: 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 6：In SL-U, similar approach can be introduced with nominal intra-cell guard band and the intraCellGuardBandsSLTX-List and intraCellGuardBandsSLRX-List can be introduced.
2.2 TX requirement
For the UE output power requirement, currently the NR-U has only introduced power class 5 as 20dBm and additional requirements for transmit power density has been introduced according to regulation requirements. In this case, the sidelink unlicensed operation should follow the same output power requirement of NR-U.
Proposal 7: The sidelink unlicensed operation should follow the same output power requirement of NR-U.
For the time mask for shared spectrum channel access, below figure is captured from TS 38.101-1: 
The OFF power measurement period is defined in a duration of at least one slot excluding any transient periods. The ON power is defined as the mean power over the duration of at least one slot excluding any transient period and non-transmitted symbols.  The leading transient period starts 5us before the beginning of the first symbol of transmission and extends 10us into the transmission including the CP extension if applicable.  The trailing transient period starts 5us before the end of transmssion and extends 5us beyond the end of transmission.



[image: ]
It can be observed that the CP-E has been considered for the time mask. Currently the CP-E is still under discussion in RAN1 as captured below from RAN1#111 meeting. The exact CPE starting position has not been agreed yet. In this case, we believe the corresponding time mask still needs to be put on hold after the RAN1 discussion is finished.
Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details



Proposal 8: For the time mask requirement, wait for the RAN1 conclusion on CPE.
For the emissions as out of band emission and spurious emission, the requirement should follow mostly the regulation requirement and hence the same requirement can apply from NR-U to SL-U.
Proposal 9: For the emissions as out of band emission and spurious emission, the same requirement can apply from NR-U to SL-U.
2.3 RX requirement
The REFSENSE requirement for NR sidelink has been captured in the TR 38.886 as captured below.
[bookmark: _Toc463997783][bookmark: _Toc36034826][bookmark: _Toc42537426][bookmark: _Toc46356491][bookmark: _Toc52566405][bookmark: _Toc61187313][bookmark: _Toc66398725][bookmark: _Toc66398942][bookmark: _Toc66432659][bookmark: _Toc66433438][bookmark: _Toc66436213]9.1.1	Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.
The V2X UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB


While the REFSENS requirement for band 46 has been defined as -90dBm and the same formula is used of NR sidelink and captured as:
-174 dBm/Hz + 10*log10(18 MHz) + 13 dB NF and FE loss + 2.5 dB implementation margin -1 dB demod SNR – 3 dB diversity gain = -90 dBm.
Comparing to the NR sidelink REFSENS requirement, we see the NF are used the same for 13dB as of LAA while the SNR is -0.5dB for NR sidelink and -1dB in NR-U. In this case we would like to propose similar SNR for NR-U as -1dB and hence the same REFSENS requirement of NR-U to sidelink unlicensed operation。
Proposal 10: It is proposed to reuse the REFSENS requirement of NR-U to sidelink unlicensed operation.
3	Conclusions
In this contribution, we give initial discussion on the sidelink evolution and the observation and proposals are shown as below:
Proposal 1: To capture the sidelink unlicensed requirement in suffix E in TS 38.101-1/-3.
Proposal 2: Not to consider the intra-band concurrent operation in unlicensed band in Rel-18.
Proposal 3: It is proposed to introduce band n46. n96 and n102 and corresponding notes for country specific conditions should also be kept.
Proposal 4:  To put 10MHz on hold to wait for sidelink CA discussion.
Observation 1: RAN1 has agreed to support multiple channel transmission for NR sidelink operation.
Proposal 5: To support up to 80MHz as mandatory and 100MHz as optional in band n46, n 96 and n102 for sidelink unlicensed operation.
Observation 2: 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 6：In SL-U, similar approach can be introduced with nominal intra-cell guard band and the intraCellGuardBandsSLTX-List and intraCellGuardBandsSLRX-List can be introduced.
Proposal 7: The sidelink unlicensed operation should follow the same output power requirement of NR-U.
Proposal 8: For the time mask requirement, wait for the RAN1 conclusion on CPE.
Proposal 9: For the emissions as out of band emission and spurious emission, the same requirement can apply from NR-U to SL-U.
Proposal 10: It is proposed to reuse the REFSENS requirement of NR-U to sidelink unlicensed operation.
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Figure 6.3F.3.2-1: General ON/OFF time mask for shared spectrum channel access




