
3GPP TSG RAN WG1 #110		                                              R1-2206401
Toulouse, France, August 22nd – 26th, 2022

Source:	CATT, GOHIGH
[bookmark: Title]Title:	Discussion on physical channel design framework for sidelink on unlicensed spectrum 
[bookmark: Source]Agenda Item:	9.4.1.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN1#109e meeting, the physical channel framework for sidelink operation on unlicensed spectrum were discussed with following agreements[1].
	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.

Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.

Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 

Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure


In this contribution, we will share our views on the design aspects of sidelink physical channel structure on unlicensed spectrum.
Physical channel structure of SL-U
In this section, the physical channel structures of SL-U are discussed, including the slot structure and structure of PSCCH/PSSCH, S-SSB and PSFCH channels on SL-U operation.
Slot structure of SL-U
In RAN1#109e meeting, the slot structure in SL-U were discussed with following agreement:
	Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission


According to the WID scope of SL-evo[2], there is no specific enhancements for existing NR SL feature in SL-U objectives. 
	· No specific enhancements for existing NR SL feature


Therefore, the slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. Mini-slot design should not be introduced in R18 SL-U. 
Proposal 1: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. And mini-slot structure should not be introduced in R18 SL-U. 
Regarding the remaining issues on “whether/how to support additional starting symbol(s)s within a slot for the PSCCH/PSSCH transmission”, the benefits of introducing additional starting symbols within a slot can increase the channel access opportunity and improve SL-U performance, but the main concern is the increased PSCCH blind decoding complexity due to additional starting positions within a slot. From our understanding, if additional starting positions within a slot are supported, it requires that all the receiving UEs should be capable of monitoring multiple starting positions for PSCCH blind decoding. Since the target use case of SL-U is infotainment-likely services, the UE’s complexity should not larger than that of V2X UEs. So we prefer to support only 1 starting position within a slot for PSCCH/PSSCH transmission in a given resource pool.
Proposal 2: From resource pool perspective, only one starting symbol within a slot is supported for PSCCH/PSSCH transmission. 

PSCCH/PSSCH structure of SL-U
In RAN1#109e meeting, the PSCCH/PSSCH structure in SL-U were discussed with the following agreements:
	Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.


Based on above agreements, if OCB requirement is not required, it is preferred that the channel structure of R16 NR sidelink can be a starting point in SL-U design, as shown in Figure 1-a. If OCB requirement is required, it is required to span the frequency resource into the LBT sub-band, and the interlaced RB structure of NR-U can be a starting point in SL-U design, as shown in Figure 1-b. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, NR-U is a centralized system, but SL-U is a distributed system, the impacts due to IBE will be different between the two systems. In NR-U system, due to uplink power control, the received power from different UEs will be similar at gNB side, the IBE caused by the near-far effect can be neglected. However, in SL-U system, due to distributed resource selection mechanism and geographic distribution of SL-U UEs, the received power from different UEs will be rapidly dynamically changed at a receiving UE side and the IBE caused by the near-far effect may essentially impact on the system performance. The IBE impacts should be considered in SL-U physical channel design in frequency domain. 
Observation 1: The impacts due to IBE are different from SL-U system and NR-U system. 
Considering the impacts of IBE, an alternative physical channel structure is provided, as shown in Figure 1-c. In this structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set. The OCB requirement can be met by a mixture of consecutive sub-channels and two isolated RBs. A UE can select its transmission resources by sub-channel based sensing, and the two isolated RBs will be associated with the selected sub-channels, e.g. the starting sub-channel of the selected resource.  The potential benefits of the mixture structure are to alleviate the IBE impacts and reuse most of resource selection procedure in R16/R17 NR sidelink.


Figure 1: Alternatives for PSCCH/PSSCH frequency structures
The system evaluation is performed for the interlaced RB based structure and mixture structure, and the related simulation assumptions are provided as Table 1.
Table 1: Simulation assumptions
	Parameters
	Value

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz

	Number of carriers
	1

	Layout
	Option 1: NR indoor hotspot
[image: cid:image001.png@01D86F54.BA32B150]
a = 20m, b = 60m, c = 20m, d = 80 m

	UE dropping and association
	Broadcast and 20 SL-U UEs are randomly dropped into the indoor simulation area.

	UE traffic model 
	FTP model 3 with file size 0.5Mbytes
· Case 1: FTP packet is divided into multiple smaller packets (1000 Bytes) with the period of 10ms. 
· Case 2: FTP packet is divided into multiple smaller packets (1000 Bytes) with the period of 50ms. 

	Retransmission number 
	1

	IBE model
	Reuse the IBE model in TR 37.885[5].

	PSCCH/PSSCH structure
	· Option 1: Interlaced RB based structure, each sub-channel includes 1 IRB, and each IRB including 10 PRBs, 3 sub-channels are used for each transmission.
· Option 2: Mixture structure, each sub-channel includes 8 contiguous RBs and 2 separated RBs, 3 sub-channels are used for each transmission.

	Other RAT interference assumption
	Not modeling


The evaluation results are shown in Figure 2, it can be observed that mixture structure can perform better PRR performance than IRB structure when the resource reservation period is 10ms, and the PRR gain of mixture structure is about 2%-3%. It can be also observed that the mixture structure performs similar PRR performance as IRB structure when the resource reservation period is 50ms. It is mainly due to the fact that there is different system load between the two cases, and the corresponding IBE impact will be different. But at least the PRR performance of mixture structure is not worse than that of IRB structure. 
Observation 2: The mixture structure can provide better performance gain than that of IRB structure at higher system load, and the mixture structure can provide similar performance gain as that of IRB structure at lower system load.
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	a)  Resource reservation period 10ms
	b) Resource reservation period 50ms


Figure 2: Evaluation results on mixture structure and IRB structure
Based on the above observation, it is worth to investigate the IBE impacts due to different PSCCH/PSSCH frequency structure, and the different PSCCH/PSSCH frequency structure can be configurable in resource pool specific manner. 
 Proposal 3: For PSCCH/PSSCH frequency structure:
· If the OCB requirement is required, the following two structures can be configured in resource pool specific manner:
· Alt 1: Interlaced RB structure, same as that in NR-U.
· Alt 2: Mixture structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set.
In order to have unified design for the alternatives of PSCCH/PSSCH frequency structure, the sub-channel concept of NR sidelink should be reused in SL-U, the difference between these alternatives is the resource mapping between sub-channel and PRB resource, which are shown in Figure 3. The PSCCH resource are located in each sub-channel, and mapped into contiguous N PRBs within each sub-channel. For interlaced RB based structure, K is preferred as 1 interlace, it can provide more flexibility of resource allocation. 
Considering that LBT operation is performed in RB set granularity, it would be preferred that the PRB resources for each sub-channel is located within a RB set, otherwise the channel access opportunity will be impacted. 



Figure 3: Sub-channel for different PSCCH/PSSCH frequency structure
Proposal 4: The sub-channel granularity should be used for all the alternative PSCCH/PSSCH frequency structures, and no other resource allocation granularity is introduced. 
Proposal 5: The PSCCH resource are located into each sub-channel, and mapped into contiguous N PRBs within each sub-channel.
Proposal 6: The PRBs for each sub-channel is located within a RB set

S-SSB structure of SL-U
In RAN1#109e meeting, the S-SSB structure in SL-U were discussed with following agreement:
	Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure


In NR sidelink design, the S-SSB includes two repetitions of S-PSS and S-SSS, PSBCH and its corresponding DMRS. The motivation of two repetitions of S-PSS and S-SSS is to reduce the synchronization detection complexity, i.e. symbol-level synchronization searching. And this principle has been used since R12 D2D sidelink design. Therefore, this principle should be reused in SL-U design, and 4 symbols S-SSB structure is not supported in SL-U
Proposal 7: The S-SSB of SL-U should include two repetitions of S-PSS/S-SSS, PSBCH and its corresponding DMRS, and 4 symbols S-SSB structure in NR-U is not supported in SL-U.

In NR sidelink design, the S-SSB is transmitted on dedicated time resources, it is not multiplexed with other sidelink transmission in frequency domain.  There are mainly two reasons with this operation: One is the half-duplex issue, when a Tx UE transmits S-SSB and PSCCH/PSSCH during S-SSB slot, its intended Rx UE may also need to transmit S-SSB during the S-SSB slot due to distributed synchronization procedure, the intended Rx UE can not perform PSCCH/PSSCH reception. Another one is power sharing of S-SSB, it will reduce the reliability of S-SSB transmission, which are not desirable due to importance of S-SSB. Furthermore, there could be also some further impacts on the sidelink resource selection mechanism for PSCCH/PSSCH transmission. Therefore, it is preferred that S-SSB is not multiplexed with other sidelink transmission in the same slot.
Proposal 8: In SL-U, S-SSB shall not be multiplexed with other SL transmission in the same slot.  

Based on above discussion, there are three remaining alternative channel structures for S-SSB to meet the OCB requirement, as illustrated in Figure 4. They are option 1(interlaced RB structure), option 3(frequency repetition structure) and option 4(S-SSB with wider bandwidth).  Both option 3 and option 4 can provide better S-SSB performance, and option 3 can reuse most of design aspects in R16/R17 NR sidelink. Therefore, it is preferred to use the frequency repetition structure for S-SSB transmission. 

 
Figure 4: Alternatives of S-SSB structures of SL-U
Proposal 9: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 

PSFCH structure of SL-U
In RAN1#109e meeting, the PSFCH structure in SL-U were discussed with following agreement:
	Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 


In order to meet OCB and PSD requirement for PSFCH transmission, interlaced RB transmission for PSFCH is preferred. However, if the same mechanism of PUCCH format 0 in NR-U is used, i.e. repetition in the interlaced RBs, and the implicit mapping of PSFCH resource between the PSCCH/PSSCH transmission is used, there is a potential issue on the PSFCH capacity, especially for groupcast communication. The PSFCH capacity may be an issue, since each PSFCH resource will occupy one interlace, i.e. at least 10PRBs. One potential solution is to increase the PSFCH resource capacity by introducing longer PSFCH sequence, which would support more orthogonal cyclic shift pair. 
Proposal 10:  In order to meet OCB and PSD requirement for PSFCH transmission, interlaced RB structure for PSFCH transmission is supported.
Proposal 11:  In order to increase the PSFCH capacity of interlaced RB structure, the longer ZC sequence for PSFCH can be considered, which can provide more orthogonal cyclic shift pairs within a PSFCH resource.

Conclusion
In this contribution, the physical channel structures of SL-U are discussed. Partially, we have following proposals and observation.
Proposal 1: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. And mini-slot structure should not be introduced in R18 SL-U. 
Proposal 2: From resource pool perspective, only one starting symbol within a slot is supported for PSCCH/PSSCH transmission. 
Observation 1: The impacts due to IBE are different from SL-U system and NR-U system. 
Observation 2: The mixture structure can provide better performance gain than that of IRB structure at higher system load, and the mixture structure can provide similar performance gain as that of IRB structure at lower system load.
Proposal 3: For PSCCH/PSSCH frequency structure design:
· If the OCB requirement is required, the following two structures can be configured in resource pool specific manner:
· Alt 1: Interlaced RB structure, same as that in NR-U.
· Alt 2: Mixture structure, a resource pool is configured with two resource regions. One is sub-channel based resource set which is located in the center of the channel bandwidth, and the other is two RB-based resource sets which are located into the two end of the sub-channel based resource set.
Proposal 4: The sub-channel granularity should be used for all the alternative PSCCH/PSSCH frequency structures, and no other resource allocation granularity is introduced. 
Proposal 5: The PSCCH resource are located into each sub-channel, and mapped into contiguous N PRBs within each sub-channel.
Proposal 6: The PRBs for each sub-channel are located within a RB set
Proposal 7: The S-SSB of SL-U should include two repetitions of S-PSS/S-SSS, PSBCH and its corresponding DMRS, and 4 symbols S-SSB structure in NR-U is not supported in SL-U.
Proposal 8: In SL-U, S-SSB shall not be multiplexed with other SL transmission in the same slot.  
Proposal 9: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 
Proposal 10:  In order to meet OCB and PSD requirement for PSFCH transmission, interlaced RB structure for PSFCH transmission is supported.
Proposal 11:  In order to increase the PSFCH capacity of interlaced RB structure, the longer ZC sequence for PSFCH can be considered, which can provide more orthogonal cyclic shift pairs within a PSFCH resource.
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