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1 Introduction

During RAN#94-e meeting, the work item of Release 18 NR sidelink evolution has been approved. The following objective of the SI is included in the WID[1]:  

	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]

· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation

· 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.

· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

· No specific enhancements for existing NR SL feature

· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


This contribution discusses physical channel design for sidelink-unlicensed, including the impact of OCB requirement, the design for the SL-U channel, the impact of LBT failure. 
2 The design of the resource pool  

	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, regarding details of mapping between sub-channel and interlace:

· In a resource pool with multiple RB sets, sub-channel with the same index is mapped to K interlace(s) with the same index(s) in different RB sets.

· In a resource pool, support the following

· At least for the agreed case where one SL resource pool can be (pre-)configured to include integer number of RB sets

· Option 2: sub-channel#0 is mapped to K interlace(s) starting from interlace#0

· sub-channel#1 is mapped to K interlace(s) starting from interlace#K, and so on

· At least support that the above K interlace(s) are contiguous

· FFS: whether/how to support the above K interlace(s) are non-contiguous

· FFS: if RAN1 agrees to support that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, the mapping between sub-channel and interlace for this case will be further discussed

Interlace is indexed as per NR-U
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:

· Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:

· Option A: Support that for one PSSCH transmission, the used interlace index(s) in different used RB sets are always the same
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Frequency domain resource of PSSCH transmission is determined by an intersection of the resource blocks of the indicated sub-channel(s) and the union of the indicated set of RB sets and intra-cell guard bands between the indicated RB sets, if any

· For a TB, the initial transmission and reservation of the resource(s) for retransmission(s) use the same number of sub-channel(s) and same number of RB set(s)

· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· Use X bits for indicating sub-channel index(s), and use Y bits for indicating contiguous RB set index(s)
· R16 NR SL FRIV is reused as baseline
· FFS details, e.g., signaling design, bit size, whether to consider bitmap design, whether/how the used interlace(s) can be non-contiguous, etc.
· FFS others

· E.g., considering one PSSCH transmission may occupy one or multiple RB sets, whether or not to re-define single-slot candidate resource, and update resource selection and/or signaling from MAC to PHY, etc.




In Release 16/17 sidelink, the minimum frequency domain granularity of PSCCH/PSSCH resource allocation is a sub-channel. Each sub-channel includes multiple frequency domain contiguous PRBs, and a sidelink resource pool has one or multiple sub-channels. For example, in Release 16, the number of PRBs in a sub-channel can be set to a value within {10, 12, 15, 20, 25, 50, 75, 100}. The size of a sub-channel can be adaptively (pre-)configured based on the size of SL BWP, and thus the blind detection complexity of PSCCH for sensing and receiving can be restricted. The resource pool is defined to flexibly manage the sidelink time-frequency resources, e.g. an exceptional pool is defined for exceptional cases. 

Therefore, the concept of resource pool and sub-channel shall also be supported for SL-U design. Considering the OCB requirement, the frequency domain resource configuration of resource pool and sub-channel shall also comply with the IRB structure. 

Proposal 1：The number and position of IRBs occupied by a resource pool is (pre)configurable.
In the legacy sidelink, the size of resource pool can be preconfigured with the parameter sl-RB-Number-r16, i.e., 10-275 PRBs, and this configuration shall be reused to SL-U. In SL-U, if the resource pool includes 50 PRBs with 15kHz, the resource pool can’t occupy the all PRBs of one RB set. Therefore, the case that one SL resource pool can be (pre- )configured to include sub-set of PRBs of 20MHZ shall also be supported.  
The details that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set need be studied. One method is that all interlaces of BWP are logically numbered, and each resource pool is mapped to K interlaces one by one. For example, the BWP includes four RB sets, i.e., 40 interlaces with the 15kHz, and the resource pool is mapped to eight interlaces. The resource pool 0 occupies the  interlaces 0,1,2,3,4,5,6,7 in RB set 0, and the resource pool 1 occupies the interlace 8, 9 in RB set 0 and interlace 0,1,2,3,4,5 in RB set 1, and so on. If each subchannel is mapped to one interlace, and the PSSCH transmission occupies three subchannels in resource pool 1, i.e., interlace 8, 9 in RB set 0 and interlace 0 in RB set 1,  which can’t obey the agreement that PSSCH occupies the same interlace in different RB set.
Another design is that the all interlaces of the resource pool are distributed uniformly in different RB sets. For example, the BWP includes four RB sets, and each resource pool is configured to eight interlaces. Resource pool 0 occupies the interlace 0,1 in the RB set 0,1,2,3, and resource pool 1 occupies the interlace 2,3 in RB set 0,1,2,3, and so on. With above design, interlace index(s) in different RB sets are always the same for one PSSCH transmission.  In this case, starting interlace index of the resource pool needs be configured, and the number of the  interlaces in each RB sets also needs be configured.
Observation 1: In the legacy sidelink, the size of the resource pool can be smaller than 20MHZ.
Proposal 2: A resource pool can include IRBs from multiple RB sets.
Proposal 3: It shall be supported that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, and  the following information of the resource pool needs be preconfigured:
· The starting interlace index of the resource pool needs be preconfigured, and the number of the interlaces in each RB set also needs be preconfigured.
3 PSCCH blind detection complexity
Based on the RAN1#111 meeting agreement, the slot with two candidate starting symbols is supported in SL-U. Therefore, UE will blindly detect PSCCH in every subchannel of the resource pool at each candidate starting symbol until PSCCH is detected, so the complexity of PSCCH blind detection is doubled relative to legacy sidelink. To reduce the complexity of PSCCH blind detection, one direction is to reduce the number of subchannel configured in the resource pool, e.g., the maximum subchannel number of the resource pool is not greater than floor(N/K), where K is the number of candidate starting symbol in a slot, and N is the number of maximum blind detection of PSCCH in a slot in NR SL. The value of N can be set as the number of maximum blind detection of PDCCH in NR, e.g., maximum number of monitoring PDCCH per (full) slot is 44/36/22/20 for 15kHz/30kHz/60 kHz/120kHz SCS respectively.

Proposal 4: To reduce the complexity of PSCCH blind detection，the following method can be considered:

· The maximum subchannel number in the resource pool is not greater than floor(N/K), where K is the  number of candidate starting symbol, and N is the number of maximum PSCCH blind detection in NR.
4 Impact of interlaced RB on physical sidelink channels
If interlaced RB is introduced, the frequency domain structure of sidelink channels and signals including S-SSB, PSCCH/PSSCH, PSFCH, etc. shall be investigated to comply with the interlaced RB structure. 

PSCCH/PSSCH
	Agreement
For PSCCH and PSSCH in SL-U:

· PSCCH is transmitted within 1 sub-channel

· At least support Option 1 below

· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH

· Note: the lowest sub-channel may not be entirely contained in the lowest RB set

· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below

· Option 2: PSCCH locates in every RB set of corresponding PSSCH

· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.

· FFS other details


For the interlaced PSCCH transmission, the option 2 shall not be supported as it will cause additional signalling cost and introduce large specification impact. In legacy sidelink operation, different UEs need to be in the same resource pool to be able to correctly communicate with each other. The same assumption can be considered for SLU. The necessity to introduce in every PB set is not clear..  
Proposal 5: It is not supported that PSCCH locates in every RB set of corresponding PSSCH.
PSFCH 

In release 16/17 sidelink, PSFCH format 0 occupies 1 PRB to convey one bit HARQ ACK/NACK or conflict indication. To satisfy the OCB requirement, the frequency domain resource occupied by a PSFCH shall be expanded. Based on following RAN1#l12 meeting agreement, it is necessary to make a down selection between these alternatives.
	Agreement
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:

· RAN1 down-select one of followings in RAN1#113:

· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)

· K3 is (pre-)configured, FFS value range

· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission

· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB

· FFS: whether any impact on meeting OCB requirement

· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace

· Alt 3-2b: each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set

· K2=2

· K4 is (pre-)configured, FFS value range

· FFS: how to meet PSD limitation

· FFS: whether to introduce any restrictions on the locations of K4 dedicated PRB(s) and/or K2 common PRBs, e.g., whether/how they are on the same interlace 

· R16 NR SL PSSCH-PSFCH mapping is reused as baseline, FFS details

· Note: companies are encouraged to give more details and analyze the specification impact

· E.g., whether PSSCH transmissions on non-overlapped resources are mapped to non-orthogonal PSFCH resources, i.e., whether PSFCH collision may happen and whether/how to address it, etc.

· E.g., whether introducing more than 6 CS pairs is needed

· E.g., for group cast option 2, what’s the maximum group size that can be supported

· E.g., how to support “more than 1 PSFCH occasion(s) per PSCCH/PSSCH”

· FFS: regardless of which Alt above is selected, whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR

· FFS: whether IBE issue exists and whether/how to address it

· E.g., whether to introduce guardband PRB/RE between common PRB and dedicated PRB




For Alt1-1b and Alt 3-2b, the TX power used by a UE to transmit the common interlace or common PRBs is wasted as there is no any information conveyed on these resources. In addition, the power on common interlace or common PSFCH PRBs could be high as many UEs will simultaneously transmit on these common interlace or common PSFCH PRBs, which might bring interference to the useful transmission (e.g due to inband emission). However, PSFCH with interlaced transmission don’t cause the interference issue for alt 2-3a. To improve the capacity, further apply PRB-level cyclic shift as Rel-16 sidelink is preferred due to the simplicity, e.g., a UE can adopt the same one pair of CS in every PRB of one interlace, and six users can be multiplexed in each interlaced PRB.
Proposal 6： Each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift as Rel-16 sidelink.

Meanwhile, on how to expanded PSFCH from 1 PRB to 10 PRB in an interlace, at least the following methods can be discussed:
Option 1: Repetition of the length-12 Rel-16 sidelink PF0 sequence in each PRB of an interlace 

Option 2: Mapping of a single long sequence to the PRBs of an interlace

In our opinion, option 1 is preferred as it is more aligned with the current NR-U design. In addition, option 2 need the new design of PSFCH sequence, which will bring more specification complexity. 

Proposal 7: Repetition of the length-12 Rel-16 sidelink PF0 sequence to expanded PSFCH from 1 PRB to 10 PRBs of one IRB.

5 The impact of LBT failure
In unlicensed band, other RAT may occupy the channel and thus LBT failure may happen. When LBT failure happens, UE cannot transmit in the scheduled resource. If the transmission is for some important control message or signals, e.g. HARQ-ACK, SSB, the on-going communication would be interrupted. The performance of throughput and reliability will be in turn degraded. It would be rather important to design mechanisms to mitigate the negative impact of LBT failure in SL-U. In our opinion, the following options can be considered:

· Support (pre-)configuration of additional time/frequency resource for important signals and channels; if LBT failure happens, the additional resource can be used to improve the reliability.

· Use muti-consecutive slots transmissions instead of time domain distributed transmissions for sidelink signals and channels, e.g. for multiple S-SSB transmissions in a given period, for PSSCH/PSCCH transmissions in multi-slot transmission. If transmissions are time-domain continuous, Type 2 LBT can be used for later transmissions and thus the probability of LBT failure can be reduced.

Proposal 8: Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource
· Muti-consecutive slots transmission instead of time domain distributed transmissions 
Mitigate LBT failure for PSFCH
	Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:

· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration

· FFS value range of N

· FFS detailed design of such N associated candidate PSFCH occasion(s)

· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.

· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)

· FFS: whether to support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions. 

· FFS: whether other associated candidate PSFCH occasion(s) within its COT are used for PSSCH transmissions, and applicable scenarios.

· FFS: whether AGC issue and PSFCH/PSSCH collision issue exist, and whether/how to address them

· FFS other details

· E.g., how to meet the HARQ RTT restriction

· E.g., UE behavior on transmitting PSFCH

· E.g., how to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions


It shall not be supported that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions. Because the LBT might also be failure even in a shared COT,  using all (pre-)configured PSFCH occasions to transmit the PSFCH has more channel access opportunities than using the partial (pre-)configured PSFCH occasions within a COT to transmit the PSFCH. From the perspective of mitigating the impact of LBT failure, dynamically indicating available  (pre-)configured PSFCH occasions has no benefit.
Proposal 9: It shall not be supported that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions. 
The N associated candidate PSFCH occasion(s) can be in different slots. The methods of pre-configuring more than one PSFCH occasions for per PSCCH/PSSCH transmission are illustrated in the figure 1, multiple PRB sets are preconfigured in the every legacy Rel-16/17 PSFCH occasion, and each PRB set corresponds to one PSFCH transmission occasion . 
In the figure 1, the green resource indicates the PSFCH resource preconfigured by the legacy Rel-16, we can mark the green resource as the PSFCH PRB set 1. The yellow resource indicates the preconfigured additional PSFCH resource, and we can mark it as PSFCH PRB set 2, and the preconfigured additional PSFCH RB set and PSFCH RB set preconfigured by the legacy Rel-16 are located in the adjacent PSFCH occasion to reduce the latency.In figure 1, the PSSCH located in the slot2, slot3, slot4, and slot5 can use the PSFCH RB set1 and PSFCH RB set2 to transmit the HARQ feedback information. If HARQ feedback information cannot be transmitted in the PSFCH RB set1 due to LBT failure, then HARQ feedback information can be transmitted in the PSFCH RB set2 when the result of LBT is success.
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Figure 1: Multiple PSFCH RB sets associated with a PSSCH

Proposal 10: N associated candidate PSFCH occasion(s) are in different slot, the following details can be considered: 
· Multiple PRB sets are preconfigured in the every legacy Rel-16/17 PSFCH occasion, and each PRB set corresponds to one PSFCH transmission occasion. 
Mitigate LBT failure for S-SSB 
	Agreement
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:

· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS

· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured

· FFS details, e.g., value of K, details on gap length, etc.

· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured

· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period

· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number




In RAN1#111 meeting, the above agreements were made. Among the 5 options, both option 4 and option 5 do not distinguish between original candidate S-SSB occasions and additional candidate S-SSB occasions, and thus the resource of S-SSB occasions will not be wasted due to LBT success in one S-SSB occasion. Furthermore, option 4 can mitigate LBT failure impact by enabling MCSt. By filling the gap with CPE to reduce the gap less than 16 us, UE can transmit S-SSB in the consecutive candidate S-SSB occasions without performing LBT for each occasion.

Proposal 11: The following options shall be further investigated to mitigate LBT failure for S-SSB:

· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period.

· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.

6 The impact of introducing multiple PSFCH occasions
The latency of HARQ feedback 
One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration. As illustrated in the figure 2, each PSSCH is mapped to four PSFCH occasions, and the parameter sl-periodPSFCHresource is equal to four slots, and the parameter mintimegapPSFCH is equal to the two slots. If the receiver UE utilizes the last corresponding PSFCH occasion transmit the HARQ information, the time gap between the PSSCH and the HARQ information is fourteen slots, which causes large feedback latency and might be inacceptable by PSSCH with low delay requirement. Therefore, to reduce the feedback latency, the PSSCH can determine the N PSFCH occasions from the M PSFCH occasions, e.g., the time gap between the PSSCH and determined N PSFCH occasions are not greater than a threshold L. In addition, the threshold L is depended on the priority of the PSSCH, the higher priority of PSSCH has the smaller threshold. As illustrated in the figure 2, if threshold L is equals to 13 slots, the PSSCH can determine three PSFCH occasions to transmit the HARQ information, e,g., PSFCH occasion 1, PSFCH occasion 2 and PSFCH occasion 3.
Proposal 12: To reduce the HARQ feedback latency, the PSSCH can determine the N( 1 ＜N ≤M  )PSFCH occasions from the mapped M PSFCH occasions by the following method:
· The time gap between the PSSCH and determined N PSFCH occasions are not greater than a threshold L , and the threshold L is depended on the priority of the PSSCH.
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Figure 2: N PSFCH occasions are determined from the M PSFCH occasions

The HARQ-ACK timeline

Rel-16/17 NR sidelink, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected, where a is the time gap between the end of the last symbol of PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception, where b is the time required for PSFCH reception and processing plus PSSCH retransmission preparation and is determined by UE implementation. In Rel-16/17 NR sidelink, a PSSCH is mapped to only one PSFCH occasion, but multiple PSFCH occasions for a PSCCH/PSSCH transmission is supported in SL-U, so which one PSFCH occasion is used to determine the HARQ-ACK timeline needs be studied.

In the case of supporting multiple PSFCH occasions for a PSCCH/PSSCH transmission, as illustrated in the figure 3, it still ensures a minimum time gap Z = a +b between any two selected resources of a TB where a HARQ feedback for the first resource is expected, where b reuses the legacy sidelink definition, where a is the time gap between the end of the last symbol of PSSCH transmission of the first resource and the start of the first symbol of the last corresponding PSFCH reception and processing plus PSSCH retransmission preparation. With this design, the retransmission is performed after the last PSFCH occasions, which has the benefit on the reducing the unnecessary retransmission. 
Proposal 13: In the case of supporting multiple PSFCH occasions for a PSCCH/PSSCH transmission, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the last corresponding PSFCH occasion reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources; 
· “b”  reuses the definition of Rel-16/17 NR sidelink.
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Figure 3: A minimum time gap Z = a +b between any two selected resources of a TB
The UE behavior on the multiple PSFCH occasions

In the Rel-16/17 sidelink, only one PSFCH occasion is supported, and receiver UE transmits the HARQ information in this PSFCH occasion. Now, multiple PSFCH occasions corresponding to one PSCCH/PSSCH transmission are supported in SL-U, so the behavior of the receiver UE shall be studied. To reduce the redundant transmission of HARQ information, the receiver UE only transmits the HARQ information on the first successfully accessed PSFCH occasion, and if there have the remaining PSFCH occasions, the receiver UE will not perform the LBT procedure and transmit the HARQ information on these PSFCH occasions.

Proposal 14: When the PSSCH supports the HARQ feedback, the receiver UE only transmits the HARQ information on the first successfully accessed PSFCH occasion.
HARQ  procedure 
When the PSSCH supports the HARQ ACK/NACK feedback in SL-U, and the LBT is failure on the all PSFCH occasions, a transmitter UE won’t receive any HARQ feedback information. In this case, the transmitter UE can’t distinguish that the PSSCH transmission is successful or failure and whether to perform retransmission or not, if the PSSCH transmission is failure and the UE doesn’t perform the retransmission, this will cause the low reliability of PSSCH transmission. Therefore, when a transmitter UE doesn’t receive any HARQ information on the all PSFCH occasions corresponding to one PSSCH transmission, the transmitter UE shall perform the retransmission.
NACK-only HARQ feedback is applicable to the groupcast option 1 in the Rel-16/17 sidelink. If the NACK-only HARQ feedback in SL-U is supported, there also might occur the result that a transmitter UE doesn’t receive any HARQ information on the all PSFCH occasions corresponding to one PSSCH. For this case, the transmitter UE also can’t distinguish the PSSCH transmission is successful or the PSSCH transmission is failure, and NACK is not be transmitted because of the failed LBT on all PSFCH occasions. 

Two solutions can be considered to solve above problem. From the perspective of improving reliability, one solution is that the transmitter UE performs the retransmission for the high reliability requirement of PSSCH, but the retransmission will switch to the blind retransmission not the retransmission based on the HARQ feedback, and NACK-only HARQ feedback will not be supported in sidelink unlicensed. Another solution is that the transmitter UE doesn’t perform the retransmission for the low reliability requirement of PSSCH, and NACK-only HARQ feedback still be supported in sidelink unlicensed. In addition, the priority of PSSCH can be used to measure the requirement of reliability, therefore, whether to support the NACK-only HARQ feedback or not can be determined by the priority of PSSCH. 
Proposal 15: For HARQ ACK/NACK feedback, when a transmitter UE doesn’t receive any HARQ information on the multiple PSFCH occasions corresponding to one PSSCH transmission, the transmitter UE shall perform the retransmission.
Proposal 16: Whether to support the NACK-only HARQ feedback or not can be determined by the priority of PSSCH.
7 Enhancement of GP symbol in MCSt 
In the legacy sidelink, the GP symbol is used to allow TX-RX switching at the end of each slot or before the PSFCH resources. However, for MCSt, TX-RX switching is not needed between adjacent slots in the consecutive slots. Therefore, enhancements on the usage of GP symbol are proposed.
For the GP symbol at the end of the slot

For the GP symbol at the end of the slot, when multi-consecutive slots transmission is performed, the contiguous transmission between two adjacent slots is from the same UE, so it is not necessary to perform the TX/RX switching at the GP symbol between two adjacent slots. Therefore, to improve resource efficiency, the GP symbol between two adjacent slots of multi-consecutive slots transmission can be used for PSSCH transmission, only GP symbol at the last slot of MCSt is used to perform TX-RX switching.
If the GP symbol between two adjacent slots of multi-consecutive slots transmission can be used for PSSCH transmission, the receiving UE needs know whether the last symbol is the gap symbol or not. Therefore, some physical signal can be used to dynamically indicate whether the last symbol is GP symbol or not.
Inter-UE blocking issue may occurs if the GP symbol is used for PSSCH transmission, as the LBT of  other UEs’s transmission in different frequency location in the same RB set will be blocked. To solve inter-UE blocking issue, some conditions should be set for using GP symbol to transmit PSSCH. For example, the MCSt transmitter UE occupies all RBs of resource pool which includes one or more RB sets, and there are no other UEs who are FDMed with MCSt transmitter UE,the inter-UE blocking issue will not occur.
Proposal 17: The GP symbol between two adjacent slots of multi-consecutive slots transmission can be used for PSSCH transmission.
Proposal 18: The physical signal can be used to dynamically indicate whether there exists GP symbol or not at the end of the each slot.

Proposal 19: In the multi-consecutive slots transmission, the case that the GP symbol in the slot is used to PSSCH transmission is applicable to the following scenario:

· The MCSt transmitter UE occupies all RBs of resource pool which includes one or more RB sets.

For the GP symbol before the PSFCH resources

For the GP symbol before the PSFCH resources, the GP symbol shall always be used to perform TX/RX or RX-TX switching, otherwise, the PSFCH occasion carrying  HARQ feedback information will be postponed, and the legacy mapping rule between the PSSCH and PSFCH is disturbed, which has large specification impact.
Proposal 20: For the GP symbol before the PSFCH resources, the GP symbol shall always be used to perform TX/RX or RX-TX switching.

8 The Tx UE behavior in the MCSt 

	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


In the last meeting, the above agreements are made. MCSt reuses the transmission burst mechanism in NR-U, the MCSt transmitter can ensure the gap is not greater than 16us between adjacent transmissions. With the gap not greater than 16us, type 2C LBT can be used, and it is obvious that UE will chooses the 1st starting symbol for PSCCH/PSSCH transmission in the remaining slots of a COT except the 1st slot of a COT.
Proposal 21: The following UE behavior shall be supported: 
· For MCSt with no greater than 16us gap, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission in the remaining slots of a COT except the 1st slot of a COT.
9 Conclusion 

This contribution discusses about physical channel design for sidelink-unlicensed. Based on the discussion, the following proposals are provided:
Proposal 1：The number and position of IRBs occupied by a resource pool is (pre)configurable.
Observation 1: In the legacy sidelink, the size of the resource pool can be smaller than 20MHZ.

Proposal 2: A resource pool can include IRBs from multiple RB sets.
Proposal 3: It shall be supported that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, and  the following information of the resource pool needs be preconfigured:

· The starting interlace index of the resource pool needs be preconfigured, and the number of the interlaces in each RB set also needs be preconfigured.
Proposal 4: To reduce the complexity of PSCCH blind detection，the following method can be considered:

· The maximum subchannel number in the resource pool is not greater than floor(N/K), where K is the  number of candidate starting symbol, and N is the number of maximum PSCCH blind detection in NR.
Proposal 5: It is not supported that PSCCH locates in every RB set of corresponding PSSCH.
Proposal 6： Each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift as Rel-16 sidelink.

Proposal 7: Repetition of the length-12 Rel-16 sidelink PF0 sequence to expanded PSFCH from 1 PRB to 10 PRBs of one IRB.

Proposal 8: Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource
· Muti-consecutive slots transmission instead of time domain distributed transmissions 
Proposal 9: It shall not be supported that COT initiating UE can dynamically indicate which subset of the (pre-)configured  PSFCH occasions within its COT are available for PSFCH transmissions. 

Proposal 10: N associated candidate PSFCH occasion(s) are in different slot, the following details can be considered: 
· Multiple PRB sets are preconfigured in the every legacy Rel-16/17 PSFCH occasion, and each PRB set corresponds to one PSFCH transmission occasion. 

Proposal 11: The following options shall be further investigated to mitigate LBT failure for S-SSB:

· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period.

· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number.

Proposal 12: To reduce the HARQ feedback latency, the PSSCH can determine the N( 1 ＜N ≤M  )PSFCH occasions from the mapped M PSFCH occasions by the following method:

· The time gap between the PSSCH and determined N PSFCH occasions are not greater than a threshold L , and the threshold L is depended on the priority of the PSSCH.

Proposal 13: In the case of supporting multiple PSFCH occasions for a PSCCH/PSSCH transmission, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the last corresponding PSFCH occasion reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources; 
· “b”  reuses the definition of Rel-16/17 NR sidelink.

Proposal 14: When the PSSCH supports the HARQ feedback, the receiver UE only transmits the HARQ information on the first successfully accessed PSFCH occasion.
Proposal 15: For HARQ ACK/NACK feedback, when a transmitter UE doesn’t receive any HARQ information on the multiple PSFCH occasions corresponding to one PSSCH transmission, the transmitter UE shall perform the retransmission.
Proposal 16: Whether to support the NACK-only HARQ feedback or not can be determined by the priority of PSSCH.
Proposal 17: The GP symbol between two adjacent slots of multi-consecutive slots transmission can be used for PSSCH transmission.
Proposal 18: The physical signal can be used to dynamically indicate whether there exists GP symbol or not at the end of the each slot.

Proposal 19: In the multi-consecutive slots transmission, the case that the GP symbol in the slot is used to PSSCH transmission is applicable to the following scenario:

· The MCSt transmitter UE occupies all RBs of resource pool which includes one or more RB sets.

Proposal 20: For the GP symbol before the PSFCH resources, the GP symbol shall always be used to perform TX/RX or RX-TX switching.
Proposal 21: The following UE behavior shall be supported: 

· For the MCSt with no greater than 16us gap, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission in the remaining slots of a COT except the 1st slot of a COT.
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