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[bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: _Ref494215420]Introduction
In RAN#94e meeting, a new WID had been approved. And in RAN#95e meeting, this WID had been revised as the following:[1]
	4.1 Objective of SI or Core part WI or Testing part WI
To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.
......
1. 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]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
......



In this contribution, we focus on the physical channel design for sidelink in unlicensed spectrum, including  the impacts to physical channel and physical procedure.

Discussion
PSCCH/PSSCH
In Rel-16/17 sidelink, the receiving UE tries to monitor the PSCCH on each sidelink slot. In SL-U, since two starting symbols can be configured for a sidelink slot, the receiving UE is required to monitor the PSCCH at two starting symbol positions on each sidelink slot. Compared to Rel-16/17 sidelink, the PSCCH blind decoding budget is doubled. But the blind decoding capability of the UE is still limited by the UE capability [2].
	sl-Reception-r16
Indicates whether receving NR sidelink communication is supported. If supported, this parameter indicates the support of the capabilities and includes the parameters as follows:
......
-	pscch-RxSidelink, which indicates the number of PSCCH that the supports for reception in a slot. Value value1 corresponds to floor (NRB /10 RBs), value2 corresponds to 2*floor (NRB /10 RBs);
......



In RAN1#112bis-e meeting, the following agreement was agreed [3]:
	Agreement
Regarding Tx UE behavior, at least when it initiates a COT:
· For the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT.
· Note: in the same slot, Tx UE can use the 2nd starting symbol only if LBT fails at the 1st starting symbol
· FFS: whether/how to support that for the remaining slots of a COT, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission.
· FFS applicable scenarios
· e.g., at least for MCSt with no greater than 16us gap
· e.g., at least for transmission with no greater than 16us gap from the previous transmission by any UE
· FFS: Rx UE behavior
FFS: COT sharing case



Two starting symbols are introduced within a sidelink slot in order for the UE to quickly access the unlicensed spectrum, and this increases the complexity of blind decoding of the PSCCH at the UE. Within a COT, the use of only one starting symbol is necessary to ensure continuous transmission and also to improve spectral efficiency. Therefore, the transmitting UE can only choose the first starting symbol of the slot to transmit the PSCCH when the slot is within the remaining slots of the COT.
Proposal 1: The transmitting UE can only choose the first starting symbol of the slot to transmit the PSCCH when the slot is within the remaining slots of the COT.

Similarly, the receiving UE shall monitor PSCCH on both the first and second starting symbols of the slot, if the slot is out of the COT or at the beginning of the COT. Otherwise, the receiving UE can skip the PSCCH monitoring on the second starting symbol of the slot, if the slot is within the rest of the COT to reduce the blind decoding complexity.
Proposal 2: 
· The receiving UE shall monitor PSCCH on both the first and second starting symbols of the slot, if the slot is out of the COT or at the beginning of the COT.
· The receiving UE can skip the PSCCH monitoring on the second starting symbol of the slot, if the slot is within the rest of the COT.

From the above agreement, it is agreed that for the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. Meanwhile, in the same slot, Tx UE can use the 2nd starting symbol only if LBT fails at the 1st starting symbol. However, this agreement is not captured in TS38.213. Therefore, the following TP#1 is prepared.
The TP#1 of clause 16.4 of TS 38.213
	=====Start of Draft TP=====
[bookmark: _Toc36498214][bookmark: _Toc45699244][bookmark: _Toc29899603][bookmark: _Toc29894886][bookmark: _Toc146214479][bookmark: _Toc29917339][bookmark: _Toc29899185]16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by sl-TimeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, except when startingSymbolFirst and startingSymbolSecond are provided for a SL-BWP. If startingSymbolFirst and startingSymbolSecond are provided for the SL-BWP, there are 2 candidate starting symbols for PSCCH transmission for slots without PSFCH symbols. PSCCH transmission starts at the next symbol after each candidate starting symbol. In a slot, the UE may use the second candidate starting symbol, provided by startingSymbolSecond, only if it fails to access the channel prior to the first starting symbol provided by startingSymbolFirst [at least for the first slot of a COT]. The UE shall not use the second starting symbol in slots with PSFCH symbols.
A UE can be provided a number of PRBs in the resource pool, by sl-FreqResourcePSCCH, starting from the lowest PRB index of the lowest sub-channel index, in an RB-set with a lowest index if applicable, of the associated PSSCH for a PSCCH transmission with a SCI format 1-A. For operation with shared spectrum channel access, 
……
=====End of Draft TP=====



Proposal 3: Adopt the following TP#1
	=====Start of Draft TP=====
16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by sl-TimeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, except when startingSymbolFirst and startingSymbolSecond are provided for a SL-BWP. If startingSymbolFirst and startingSymbolSecond are provided for the SL-BWP, there are 2 candidate starting symbols for PSCCH transmission for slots without PSFCH symbols. PSCCH transmission starts at the next symbol after each candidate starting symbol. In a slot, the UE may use the second candidate starting symbol, provided by startingSymbolSecond, only if it fails to access the channel prior to the first starting symbol provided by startingSymbolFirst [at least for the first slot of a COT]. The UE shall not use the second starting symbol in slots with PSFCH symbols.
A UE can be provided a number of PRBs in the resource pool, by sl-FreqResourcePSCCH, starting from the lowest PRB index of the lowest sub-channel index, in an RB-set with a lowest index if applicable, of the associated PSSCH for a PSCCH transmission with a SCI format 1-A. For operation with shared spectrum channel access, 
……
=====End of Draft TP=====



 
PSFCH
In RAN 1#113 meeting, the following agreement was made:[4]
	Agreement
When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings:
· Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
· FFS details, e.g., how PSSCH Rx UE knows such transmission, etc.
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Option 3: no optimization for this case



The sidelink HARQ feedback procedure is designed based on a deterministic timing relationship. For example, the Rx UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. Such an assumption may not apply to unlicensed spectrum, since the precise timing between PSSCH transmission and PSFCH feedback in unlicensed spectrum is subject to the success of channel access. This requires enhanced sidelink HARQ feedback design in sidelink unlicensed access system, just like the HARQ enhancements in NR-U. Two alternatives are proposed to address the impact of LBT failure on PSFCH transmission.
More than one PSFCH occasion can be configured, and these PSFCH occasions can be dynamically indicated as available or unavailable by the UE initiating the COT during the COT. For example, PSFCH occasion can be indicated as being located at the end of the COT via SCI, which facilitates consecutive transmission, leaving no gaps in the COT. Candidate PSFCH occasions other than the indicated available PSFCH occasion can be indicated as unavailable. And the resources of these candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.
Proposal 4：PSFCH occasion(s) are (pre-)configured and dynamically indicated during the COT by COT initiating UE. 
Proposal 5:  The resources of candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.

In RAN 1#114 meeting, the following agreement was made:[5]
	Agreement
Regarding “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)” and “For one PSCCH/PSSCH transmission, at least support that its associated candidate PSFCH occasion(s) are in different slots of the same RB set(s)”, support:
· Slot index of 1st PSFCH occasion (denoted as slot k) of a PSCCH/PSSCH transmission is determined in the same way as legacy NR SL
· The nth PSFCH occasion is in slot 
· Alt 1: P is equal to the (pre-)configured PSFCH periodicity, i.e., P is provided by sl-PSFCH-Period
· 
· Within a slot including PSFCH, for each RB set, the (pre-)configured PRBs for PSFCH transmission on this RB set are divided into N different PRB sets (denoted as set#1, set#2, …, set#N), which are associated with N candidate PSFCH occasion(s)
· Within this RB set, for one sub-channel on one slot of PSCCH/PSSCH transmission, its nth PSFCH occasion includes PRBs belonging to above set#n in slot  
· FFS: whether to use 1 or N bitmaps to indicate resource for N candidate PSFCH occasion(s), respectively




By means of RRC signaling or pre-configuration, different sets of resources are configured for the PSFCHs on different PSFCH occasions associated to the same PSSCH transmission, respectively. That is, the PSFCHs on different PSFCH occasions associated to the same PSSCH transmission belong to different sets of resources. This method is similar to the PSFCH resource set configuration which is used for conflict indication. 
Proposal 6: N bitmaps are used to indicate resource for N candidate PSFCH occasion(s), respectively.

In RAN 1#114 meeting, the following agreement was made:[5]
	Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· For unicast: 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all candidate PSFCH occasion(s) 
· If one PSFCH is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s), if any.
· PSFCH prioritization rule is used
· For groupcast option 2 (ACK/NACK): 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all PSFCH transmission occasions. 
· If Rx UE detects PSFCH from a PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter, if any. 
· PSFCH prioritization rule is used



However, the above agreement is not captured in the latest TS 38.213, therefore, the following TP#2 is prepared.
The TP#2 of clause 16.3.1 of TS 38.213
	=====Start of Draft TP=====
……
For operation with shared spectrum channel access, a UE can attempt to receive associated PSFCH with HARQ-ACK information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. The UE can omit monitoring the candidate PSFCH occasion(s) associated with the PSSCH in all following slots for PSFCH within the  slots only when it detects one PSFCH.
A UE that transmitted SCI format 1-A, indicating one or more reserved resources in a resource pool enabled by sl-InterUE-CoordinationScheme2, attempts to receive associated PSFCH with conflict information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers
-	if sl-SlotLevelResourceExclusion is not provided, the UE reports resources overlapping with a next in time reserved resource indicated by the SCI format 1-A
-	if sl-SlotLevelResourceExclusion is provided, the UE reports resources in a slot of a next in time reserved resource indicated by the SCI format 1-A
…….
=====End of Draft TP=====



Proposal 7: Adopt the following TP#2
	=====Start of Draft TP=====
……
For operation with shared spectrum channel access, a UE can attempt to receive associated PSFCH with HARQ-ACK information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. The UE can omit monitoring the candidate PSFCH occasion(s) associated with the PSSCH in all following slots for PSFCH within the  slots only when it detects one PSFCH.
A UE that transmitted SCI format 1-A, indicating one or more reserved resources in a resource pool enabled by sl-InterUE-CoordinationScheme2, attempts to receive associated PSFCH with conflict information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers
-	if sl-SlotLevelResourceExclusion is not provided, the UE reports resources overlapping with a next in time reserved resource indicated by the SCI format 1-A
-	if sl-SlotLevelResourceExclusion is provided, the UE reports resources in a slot of a next in time reserved resource indicated by the SCI format 1-A
…….
=====End of Draft TP=====




Conclusion
[bookmark: OLE_LINK6][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK5]In this contribution, we have discussed the physical channel design for sidelink in unlicensed spectrum, including the impacts to physical channel and physical procedure. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: The transmitting UE can only choose the first starting symbol of the slot to transmit the PSCCH when the slot is within the remaining slots of the COT.
Proposal 2: 
· The receiving UE shall monitor PSCCH on both the first and second starting symbols of the slot, if the slot is out of the COT or at the beginning of the COT.
· The receiving UE can skip the PSCCH monitoring on the second starting symbol of the slot, if the slot is within the rest of the COT.
Proposal 3: Adopt the following TP#1
	=====Start of Draft TP=====
16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by sl-TimeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, except when startingSymbolFirst and startingSymbolSecond are provided for a SL-BWP. If startingSymbolFirst and startingSymbolSecond are provided for the SL-BWP, there are 2 candidate starting symbols for PSCCH transmission for slots without PSFCH symbols. PSCCH transmission starts at the next symbol after each candidate starting symbol. In a slot, the UE may use the second candidate starting symbol, provided by startingSymbolSecond, only if it fails to access the channel prior to the first starting symbol provided by startingSymbolFirst [at least for the first slot of a COT]. The UE shall not use the second starting symbol in slots with PSFCH symbols.
A UE can be provided a number of PRBs in the resource pool, by sl-FreqResourcePSCCH, starting from the lowest PRB index of the lowest sub-channel index, in an RB-set with a lowest index if applicable, of the associated PSSCH for a PSCCH transmission with a SCI format 1-A. For operation with shared spectrum channel access, 
……
=====End of Draft TP=====



Proposal 4：PSFCH occasion(s) are (pre-)configured and dynamically indicated during the COT by COT initiating UE. 
Proposal 5:  The resources of candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.
Proposal 6: N bitmaps are used to indicate resource for N candidate PSFCH occasion(s), respectively.
Proposal 7: Adopt the following TP#2
	=====Start of Draft TP=====
……
For operation with shared spectrum channel access, a UE can attempt to receive associated PSFCH with HARQ-ACK information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. The UE can omit monitoring the candidate PSFCH occasion(s) associated with the PSSCH in all following slots for PSFCH within the  slots only when it detects one PSFCH.
A UE that transmitted SCI format 1-A, indicating one or more reserved resources in a resource pool enabled by sl-InterUE-CoordinationScheme2, attempts to receive associated PSFCH with conflict information in the resource pool with PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers
-	if sl-SlotLevelResourceExclusion is not provided, the UE reports resources overlapping with a next in time reserved resource indicated by the SCI format 1-A
-	if sl-SlotLevelResourceExclusion is provided, the UE reports resources in a slot of a next in time reserved resource indicated by the SCI format 1-A
…….
=====End of Draft TP=====
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