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[bookmark: _Ref513464071]Introduction
In RAN plenary #95, the revised WID for R18 Sidelink Evolution was approved and includes the study of sidelink operation in unlicensed spectrum [1]. In the WID, the PHY channel design framework has following objectives:
	[bookmark: _Hlk89917101]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]
· 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.


In this contribution, we discuss various aspects of PHY channel design framework for SL U operation.  
Discussion
PHY structure 
PSCCH/PSSCH structure:
R16/R17 NR sidelink (SL) supports slot-based PSCCH/PSSCH transmission, in which the UE transmits at most one PSCCH/PSSCH in one sidelink slot. In the slot without PSFCH, PSCCH/PSSCH occupies all symbols (pre-)configured for sidelink communication in the slot except the guard symbol. In case the slot is configured with PSFCH, PSCCH/PSSCH occupies all symbols (pre-)configured for sidelink communication in the slot except the PSFCH and guard symbols. Supporting slot-based PSCCH/PSSCH transmission is beneficial to reduce Rx UE decoding burden and AGC setting stability. These benefits can also apply to sidelink communication in unlicensed. Therefore, at least slot-based PSCCH/PSSCH transmission should be supported for sidelink unlicensed. Mini-slot transmission is beneficial for LBT channel access, which allows the UE to acquire the channel at a symbol level as soon as the UE succeeds in LBT. However, mini-slot transmission requires the UE to decode SCI at the symbol level, which may create an excessive blind decoding burden on Rx UEs. Moreover, a UE converges AGC based each received PSSCH/PSCCH transmission from another UE and thus an AGC symbol is required for each mini-slot-based PSSCH/PSCCH transmission, which will increase signaling overhead significantly. Therefore, further study is needed to evaluate the support of mini-slot-based SL transmission. 
Proposal 1: Support at least slot-based PSCCH/PSSCH transmission in sidelink unlicensed. 

In the slot structure of R16/17 NR SL, the UE can be (pre-)configured one guard symbol for a slot without PSFCH (e.g., at the end of the slot) and two guard symbols (e.g., one guard symbol at the end of the slot and another guard symbol before the PSFCH symbols). The UE is not expected to perform any transmission in the guard symbols. The shortest symbol duration for one symbol in FR1 is 17.84us for SCS of 60KHz since the maximum SCS for FR1 in R16/17 SL is 60KHz. However, when the UE stops its transmission for more than 16us, the COT cannot be maintained and a short LBT is required to transmit after the guard symbol. Therefore, to maintain the COT, the UE needs to perform contiguous transmission in each symbol of the slot.   
Proposal 2: Support a contiguous transmission over each symbol of slot for sidelink unlicensed.

In frequency domain, R16/17 SL PSCCH/PSSCH transmission may occupy one or more subchannels in the (pre-)configured resource pool. However, subchannel-based PSCCH/PSSCH transmission will not meet Occupied Channel Bandwidth (OCB) requirements. NR U UL uses interlace-based transmission to fulfill the OCB requirement. Therefore, RB interlace-based transmission can be supported for SL U transmissions. 
Proposal 3: Support interlace-based SL transmissions for sidelink unlicensed.

R16/17 NR SL supports slot-based PSCCH/PSSCH transmission. In a PSCCH/PSSCH transmission, PSCCH is located at the first X symbols (e.g., X = 2 or 3 based on the resource pool (pre-)configuration) and within the bottom RBs in the PSSCH sub-channel of the lowest sub-channel index. A such pre-defined PSCCH location within a PSSCH/PSCCH transmission can alleviate the UE SL SCI blind decoding processing. In SL U, therefore, a pre-defined fixed PSCCH resources is desired, and the resource pool configuration can e.g., (pre-)configure a set of symbols in time domain and a set of RBs (e.g., in one RB interlace of PSCCH/PSSCH transmission) for PSCCH in frequency domain. 
Proposal 4: Study time and frequency allocation of PSCCH for sidelink unlicensed.

After obtaining the COT, the UE can use the COT to perform transmission of one or multiple TBs depending on the amount of data in the buffer. For transmission of one TB in the COT, to maintain the COT, the UE can perform blind retransmission of the TB consecutively. Similar to subchannel selection for each transmission of a TB in R16/17 SL, the UE can use one or more interlaces for each transmission of the TB based on the TB size. The UE can select the interlace for each transmission (e.g., initial transmission and multiple blind retransmission) of the TB. Random interlace selection can be used for the initial transmission. For interlace selection for retransmission, the UE may use the same interlace as the initial transmission to reduce resource indication overhead in the SCI.
Proposal 5: Study PSSCH resource selection for one or more TBs in a COT.  

PSFCH structure:
HARQ-based transmission is one of the important features in R16/17 SL and should be supported in SL U to guarantee the QoS of the sidelink service (e.g., reliability). Interlace-based PSFCH transmission should be supported to fulfill the OCB requirement. For example, an Rx UE may transmit PSFCH to feedback a PSCCH/PSSCH transmission within the COT or in a new COT (e.g., at the beginning of a new COT) initialized by the Rx UE. PSFCH can be (pre-)configured at the middle or the end of the Tx UE’s COT if PSFCH is transmitted in the same COT of the PSCCH/PSSCH. For PSFCH transmission at the middle of the COT, the Rx UE can transmit PSFCH at the guard symbol as well to maintain the COT; otherwise, the 16us transmission gap cannot be guaranteed to maintain the COT.
Proposal 6: Study PSFCH resource allocation (occasion) and format in the same COT and a new COT.



SL U resource pool:
R16/17 SL UE can perform sidelink transmission in a sidelink resource pool (e.g., Tx resource pool). Sidelink resource pool is (pre-)configured based on bitmap. In order to determine which physical slot belongs to a sidelink resource pool, the UE first exclude all the slots (pre-)configured for S-SSB and DL (e.g., in case SL and Uu shares the same carrier). Afterward, it contiguously applies the bitmap on the remaining physical slots to determine which physical slot belongs to the sidelink resource pool. Specifically, the physical slot belongs to the resource pool if the bitmap bit associated with the slot is equal to one; otherwise, if the bitmap bit associate with the slot is equal to zero, the physical slot does not belong to the sidelink resource pool. Subsequently, the physical slots of the resource pool are indexed as logical slots of the resource pool.
As a result of converting from physical slot to logical slot in a resource pool, two consecutive logical slots for transmission in a COT is not necessary two consecutive physical slots. It means that the UE may not be able to maintain the COT even if it transmits in two consecutive logical slots if the two consecutive logical slots are not two consecutive physical slots.
Proposal 7: Study SL U resource pool’s impact on consecutiveness of transmission in a COT.

SCI content:
When a UE acquires a COT, it can use one or more interlaces to perform PSCCH/PSSCH transmission. Allowing other UEs to share the unused interlaces can be spectrum efficiency. Ater obtaining the COT, the UE can maintain the COT up to 10ms. However, the UE may not have sufficient data to perform transmission for the whole COT duration. In this case, it is beneficial to have another UE sharing the COT. In order to allow other UEs to share the COT in the time and/or frequency domain, the COT information and the UE’s transmission information should be indicated to other UE in SCI as a result, another UE can obtain information necessary to enable COT sharing and corresponding resource allocation.
Proposal 8: Study the necessity of additional SCI content to enable COT sharing for sidelink unlicensed.

DCI content:
In R16/17 SL, network scheduling resource allocation (e.g., Mode 1) is supported, which allows the gNB to schedule both dynamic and configured grants to a UE. Dynamic grant allows the gNB to schedule sidelink resource flexibly to deal with a dynamic change of the sidelink resource usage. In SL U, it is expected that dynamic grant can be supported to help the gNB coordinating sidelink resource usage among different UEs in the system. A new DCI information is needed to support the indication of LBT parameters since the network may need to request the UE to use specific LBT parameters including LBT type and channel access priority class based on the scheduling decision from the gNB.
Due to the uncertainty of the availability of the unlicensed channel, the UE may fail LBT multiple times before acquiring the COT. Therefore, to increase the channel access opportunity to the UE, the network can schedule multiple channel access occasions in time and/or frequency domain (e.g., a time window and/or a set of frequency resources to perform LBT) to the UE in one DCI.
Contiguous transmission across multiple slots is necessary to maintain the COT initialized by a UE. Therefore, a new DCI information is needed to support multiple-slot scheduling which may include the indication of the number of slots and a possibly a set of interlaces in each slot.
Proposal 9: Consider a scheduling DCI indicating at least the following information:
· LBT type and the channel access priority class
· A set of interlaces and time window for the UE to access the channel
· Indication of number of allocated slots for one or more TBs scheduling  

SL RS:
It is expected that PSCCH/PSSCH uses interlace-based transmission, which is different from R16/17 using subchannel-based transmission. Therefore, the SL RS (e.g., PTRS, DMRS, CSI RS) resource configuration should be further studied. In our view, we can take R16 SL RS design as baseline and adopt the design to the interlace structure. Specifically, we can reuse the existing PTRS, DMRS, and CSI RS configurations in R16 SL and apply the configurations in the interlace structure of PSCCH/PSSCH.  
Proposal 10: Study SL RS (i.e., DMRS, PTRS, CSI-RS) structure taking R16 SL RS as baseline.

PHY procedure 

PSFCH multiplexing:
In SL U it is expected that, to maintain the COT, the UE should perform contiguous PSCCH/PSSCH transmissions for one or multiple TBs. It is possible that multiple HARQ-enabled PSCCH/PSSCH transmissions in a COT are intended for the same or different Rx UEs. While PSFCH transmissions in the same COT with the corresponding PSCCH/PSSCH transmission is beneficial to reduce the LBT uncertainty, it may require multiplexing of PSFCH transmission at the same PSFCH occasion. Therefore, multiplexing of PSFCH transmissions at a PSFCH occasion in a COT should be further studied. For example, the Rx UEs may transmit PSFCHs for different PSCCH/PSSCHs at the end of the COT when the Tx UE finishes its PSCCH/PSSCH transmissions. In this case, PSFCHs can be time and/or frequency multiplexing. In another example, the Rx UEs may transmit PSFCHs in the middle of the COT for the PSCCH/PSSCHs transmitted early in the COT to ensure the HARQ feedback latency. Accordingly, PSFCHs can be frequency multiplexing to reduce PSCCH/PSSCH transmission interruption time. 
Proposal 11: Study PSFCH transmissions for multiple HARQ corresponding to PSCCH/PSSCH transmissions in one COT

CSI reporting:
For unicast communication in R16/17 SL, CSI reporting is supported, in which the Rx UE may report CQI and RI to the Tx UE. CSI reporting can be used by the Tx UE to determine its transmission schemes and parameters. It is thus beneficial to adapt CSI reporting for SL U considering R16/17 SL CSI reporting as a starting point. In our view, similar to R16/17 SL, MAC CE can be reused to report RI and CQI in CSI reporting. Moreover, the latency bound can be determined by the Tx UE and conveyed to the Rx UE via PC5 RRC and the Rx UE is expected to perform CSI reporting within the indicated latency bound. However, the latency bond can be relaxed compared to R16/17 SL due to the uncertainty of LBT.
Proposal 12: Study the support of CSI reporting with R16 CSI reporting as a starting point.  

Power control:
OLPC is supported in R16/17 SL. In the OLPC formula, DL pathloss can be configured if sidelink communication uses a carrier shared with Uu to reduce the interference to gNB in the uplink direction. However, in SL U, it is not expected that the gNB operate in the unlicensed carrier configured to sidelink. Therefore, further study is needed to evaluate whether DL pathloss is necessary for SL U OLPC. 
In addition, In R16/17 SL, SL pathloss can be used for unicast transmission. In our view SL pathloss also can be used for OLPC for unicast transmission in SL U since it is beneficial to control the transmission power in the unicast link. 
Proposal 13: Study whether SL and/or DL pathloss can be used for power control.

Conclusion
In this contribution, we have discussed and propose the following:
Proposal 1: Support at least slot-based PSCCH/PSSCH transmission in sidelink unlicensed. 
Proposal 2: Support a contiguous transmission over each symbol of slot for sidelink unlicensed.
Proposal 3: Support interlace-based SL transmissions for sidelink unlicensed.
Proposal 4: Study time and frequency allocation of PSCCH for sidelink unlicensed.
Proposal 5: Study PSSCH resource selection for one or more TBs in a COT.  
Proposal 6: Study PSFCH resource allocation (occasion) and format in the same COT and a new COT.
Proposal 7: Study SL U resource pool’s impact on consecutiveness of transmission in a COT.
Proposal 8: Study the necessity of additional SCI content to enable COT sharing for sidelink unlicensed.
Proposal 9: Consider a scheduling DCI indicating at least the following information:
· LBT type and the channel access priority class
· A set of interlaces and time window for the UE to access the channel
· Indication of number of allocated slots for one or more TBs scheduling  
Proposal 10: Study SL RS (i.e., DMRS, PTRS, CSI-RS) structure taking R16 SL RS as baseline.
Proposal 11: Study PSFCH transmissions for multiple HARQ corresponding to PSCCH/PSSCH transmissions in one COT
Proposal 12: Study the support of CSI reporting with R16 CSI reporting as a starting point.  
Proposal 13: Study whether SL and/or DL pathloss can be used for power control.
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