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1	Introduction
[bookmark: _Hlk525462591][bookmark: _Hlk111200389]In RAN Meeting #94e, the WID on NR sidelink evolution was agreed including the following objective for operation of sidelink in unlicensed spectrum; the most recent WID is [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
o	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
o	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 provide our views on the physical channel design framework for SL-U.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2	Physical channel structure
2.1	Considerations of Physical Channel Structure in-Frequency
Considering of SL channel multiplexing in frequency, generally the legacy SL channels, i.e., S-SS/PSBCH, PSCCH, PSSCH, and PSFCH, are designed in a localized manner with consecutive resource allocations in frequency. For the case of PSCCH/PSSCH this occurs at the sub-channel level, the PSFCH at the PRB level, and S-SS/PSBCH at a predefined number of PRBs. However, the operation in unlicensed spectrum introduces several challenges, including: the frequency allocation of each of these channels; the relation between LBT and frequency multiplexing; among others. In the following we discuss each of these challenges.
Regarding frequency allocation of each channel in unlicensed bands, we note that this should take into account the regulatory Occupied Channel Bandwidth (OCB) requirements as stated in our companion contribution in [2]. Namely, in Europe, ETSI harmonized standards have explicit requirements on the occupied channel BW (OCB). It is required that the occupied channel BW shall be at least 80% of Nominal Channel BW for 5GHz bands, respectively. NR channels and signals that may be transmitted alone need to be able to fulfil the OCB requirement. This means that, for some of the NR channels / signals, new wide BW variants fulfilling the OCB requirement need to be designed. 
[bookmark: Obs67621]Observation 1: Wide bandwidth versions need to be designed for some of the SL channels / signals to fulfil the 80% occupied channel BW (OCB) requirement. However, this requirement is not applicable in all regulatory regions and in those cases Rel-16 SL channels / signals may be used. 
However, it should be also noted that, on the 5 GHz bands, the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time, with a minimum BW being 2 MHz. We see that the potential benefits from this allowance should be explored. For example, a wide BW variant of a SL signal may use resources less efficiently than the original SL signal. In such case, the wide BW variant could be used only when the OCB requirement needs to be met by the signal, and the more efficient Rel-16 SL signal would be used otherwise.
Another aspect to consider regarding the use of wide BW signals, is that there are PSD and/or EIRP density strict limitations in several regulations. For example, the regulatory limit on 5GHz band may be as low as 10 dBm/MHz, meaning that transmission power is severely limited for transmissions with narrow bandwidth. This presents a challenge for channels and signals with reduced spectrum allocation such as PSFCH, S-PSS, P-SSS, PSBCH and occasionally also PSSCH. These channels are critical for SL operation and therefore can limit the achievable communication range. Hence, it is evident that PSD limitation needs to be addressed during the work. The obvious challenge in supporting high transmission power under strict PSD limit for small payload signals is to find a design that uses resources efficiently. Hence, we see that efficient resource usage should be one of the key design criteria.     

[bookmark: Obs67622]Observation 2: Wide bandwidth versions need to be considered for some of the SL channels / signals to support high transmission power under PSD limits.  

In the legacy NR SL structure in frequency with single carrier operation, a single SL BWP is supported within a SL carrier. Furthermore, within the SL BWP multiple transmission and/or reception resource pools (RP) are supported. Each RP can then be further divided into sub-channels in frequency, where each sub-channel is composed by consecutively non-overlapping sets of (at least ten) PRBs.
For SL-U operation, and as discussed in our companion contribution [2], the LBT bandwidth (equivalent to an RB set) is generally understood to be 20 MHz. If the legacy design regarding having a single SL BWP per SL carrier is adopted in SL-U, then it is important to establish the relation between RB set and RP and sub-channels. 
[bookmark: Proposal95997]Proposal 1: RAN1 to discuss the relation between RB set and resource pool and sub-channel configuration.
For example, the sub-channel configuration can be extended to support a single RB set and then an RP is composed by at least one sub-channel and therefore can encompass RB sets, as depicted in Figure 1 (a). In this case, the LBT procedure would be applied at the sub-channel level.
[bookmark: Obs67623]Observation 3: In SL-U a resource pool configuration could be extended to support multiple RB sets, and a single sub-channel could support a single RB set.
In another example, the RP configuration is extended to support a single RB set and, if multiple sub-channels are configured, then each sub-channel will have a bandwidth below 20 MHz, as depicted in Figure 1 (b). In this case, the LBT procedure would be applied at the RP level.
[bookmark: Obs67624]Observation 4: In SL-U a resource pool configuration could be extended to support a single RB set, and then the RB set could be partitioned into multiple sub-channels.
In our view, both cases are valid configuration options to be considered, therefore it is important for RAN 1 to discuss on whether the LBT procedure could be operated at sub-channel level and/or resource pool level.
	

(a) LBT at sub-channel level
	

(b) LBT at RP level


[bookmark: _Ref110847426]Figure 1: Relation between LBT bandwidth and RP and sub-channel frequency allocation configuration.
[bookmark: Proposal95998]Proposal 2: RAN1 to discuss on whether the LBT procedure can be applied at sub-channel level and/or resource pool level.
In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding resource configuration and slot structure aspects:
	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
	(1) Only one SL BWP is (pre-)configured within a carrier
	(2) The SL BWP is (pre-)configured to include one or multiple SL resource pools
	(3) At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
o	(a) FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
o	(b) FFS: the applicable resource pool
o	(c) FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
	(4) 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
o	(a) FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
	(5) FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
	(6) 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.
	(7) FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.


As starting point as agreed from last meeting, a SL resource pool (e.g. with bandwidth size of 80MHz) can be (pre-)configured to include integer number of RB sets, with each RB set corresponding to one 20MHz channel (or “LBT bandwidth”) for the purpose of channel access. Regarding FFS 3.(a) and (b), it is unclear to why there is the need to support one SL resource pool that includes a sub-set of PRBs from a RB set instead of all PRBs of the RB set, since anyway the LBT needs to be done at the RB set level. In our view, for the very first release of SL-U specification, the support of a SL resource pool that includes integer number of RB sets is sufficient.
[bookmark: Proposal95999]Proposal 3: The motivation of supporting one SL resource pool include sub-set of PRBs of one RB-set is unclear, and the support of a SL resource pool that includes integer number of RB sets is sufficient.
In the legacy NR SL operation with contiguous-RB based operation, the SL resource allocation (PSSCH), sensing, and resource selection are subchannel based operations. More specifically, a subchannel consists of a number of consecutive RBs, and the total number of RBs within a given resource pool can be configured with the value from 10 to 275. Moreover, the size of a subchannel is configurable and can take the values 10, 12, 15, 20, 25, 50, 75, and 100 RBs, and there can be from 1 to 27 configured number of subchannels in a given resource pool. Regarding FFS 3.(c), the legacy subchannel size and number of subchannels in a resource pool should be considered to be supported in SL-U. And FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.
[bookmark: Proposal96000]Proposal 4: Legacy SL supported subchannel size and number of subchannels in a resource pool should be considered for SL-U operation. FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.
Regarding FFS 4, the guard bands are required between the resource-block sets in legacy NR-U. The size of these guard bands has been chosen such that no filtering is required to ensure that the transmission from one resource-block set does not cause significant interference to an adjacent resource-block sets; this ensures that the LBT in an RB set does not fail due to transmissions taking place in an adjacent RB set. These guard bands can be either configured via RRC signalling or derived from the RF requirements. Moreover, if the LBT procedure is successful in contiguous RB sets, then the guard band RBs in between these contiguous RB sets can be used for transmissions. These NR-U guard band design principles can be applied to SL-U.
	[bookmark: Proposal96001]Proposal 5:Error! No sequence specified. RAN1 to reuse guard band design principles from NR-U: 
-	Guard-band RBs between two RB sets to be configured via RRC configuration or derived from the RF requirements.
-	Guard-band RBs can be used for SL-U transmission by a SL-U UE if the LBT procedure is successful in two contiguous RB sets.


Regarding FFS 5, in legacy SL, the R16/R17 S-SSB slots are excluded from the resource pool configuration. The reasons for this being to improve the detection of the S-SSB blocks, by ensuring that there are no other transmissions taking place during the S-SSB slot time. However, if new S-SSB slots are introduced (e.g. to cope with LBT failures), then it should be considered to allow these to coexist at least in time with a resource pool. 

[bookmark: Proposal96002]Proposal 6: R16/R17 NR SL S-SSB slots are excluded from the resource pool configuration.
[bookmark: Proposal96003]Proposal 7: New S-SSB slots should be introduced and these should coexist in time with at least one resource pool. 
Regarding FFS 6, in legacy NR SL, the bitmap is used to indicate the time domain resource of resource pool by considering where the S-SSB slots occur, TDD configuration, and reserved slots. The S-SSB slots, slots without enough UL symbols, and slots indicated as 0 by bitmap are excluded from the resource pool. For SL-U, the same bitmap operation should be considered, including the case of bitmap value of all “1”s. Simultaneous operation of SL-U and NR-U in the same unlicensed carrier can be further studied and considered if there are enough time units left in this release.
[bookmark: Proposal96004]Proposal 8: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s.
Regarding FFS 7, in order to simplify the SL-U design a sub-channel should be contained within a single RB set. In the case where interlaces are applied to the PSCCH/PSSCH and based on the agreement that “1 sub-channel equals K interlaces if sub-channel is supported” then these interlaces should be contained within a single RB set.
[bookmark: Proposal96005]Proposal 9: Regarding a sub-channel definition, a sub-channel and the associated K interlaces should be contained within a single RB set.
2.2	Considerations of Physical Channel Structure in-Time
As described in TR37.985 and depicted in Figure 2, in Rel.16 three slot format types, that multiplex the different SL channels and signals in time within a slot, have been defined for NR SL, with the following roles:
	PSCCH and PSSCH slot – The full slot is used for a UE’s SL PSCCH/PSSCH transmission;
	PSCCH, PSSCH and PSFCH slot – A fraction of the slot is used for a UE’s PSCCH/PSSCH transmission and another fraction used for (another) UE’s PSFCH transmission; and
	S-SS/PSBCH slot – Used by a UESyncRef to transmit a SL synchronization and PSBCH block;
As stated in the WID objectives, the sidelink physical channel structure from legacy NR SL should be used as much as possible in the NR SL design for operation in shared/unlicensed spectrum (here denoted as SL-U).


[bookmark: _Ref101963772]Figure 2: Example of sidelink slot formats: (a) Sidelink slot with PSCCH and PSSCH; (b) Sidelink slot with PSCCH, PSSCH and PSFCH; (c) Sidelink S-SS/PSBCH slot.
[bookmark: Proposal96006]Proposal 10: RAN1 to consider in the SL-U design the same slot formats as defined for legacy NR SL.
In the targeted bands n46 and n96/n102 there is the requirement that a device successfully completes a Listen-Before-Talk (LBT) procedure (either Type 1 or 2, depending on if a valid COT is available) before it can access the channel and proceed with its transmission. With the exception of LBT Type 2C (where there is no actual LBT taking place), all remaining LBT procedures are concluded with a final Clear Channel Assessment (CCA) slot (i.e. a sensing slot) for which the duration is 9 µs. Therefore, in SL-U the challenge becomes where should this CCA slot be placed, since it needs to precede any SL transmission such as PSCCH/PSSCH, PSFCH or even S-SS/PSBCH.
[bookmark: Obs67625]Observation 5: The last CCA slot of an LBT procedure should precede any SL transmission type.
In Figure 3, we depict potential options on how to integrate the LBT procedure into the three different slot formats. According to the legacy slot formats shown in Figure 2, the last CCA slot of the LBT procedure can be conducted before the AGC symbol at the beginning of the SL slot, before the PSFCH transmission symbol of the SL slot, or before the first PSBCH symbol.


[bookmark: _Ref101961284]Figure 3: Example of sidelink slot formats and where to anchor the last CCA slot (i.e. LBT) in time: (a) Sidelink slot with PSCCH and PSSCH; (b) Sidelink slot with PSCCH, PSSCH and PSFCH; (c) Sidelink S-SS/PSBCH block.
[bookmark: Proposal96007]Proposal 11: RAN1 to evaluate the placement of the last CCA slot of an LBT procedure in each SL slot format.
In RAN1 Meeting #109-e, the following agreement was made in agenda item 9.4.1.2 regarding resource configuration and slot structure aspects:
	Agreement
For slot structure in SL-U:
	At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
o	FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission





[bookmark: _Ref111204578]Figure 4: Example of sidelink frame structure with two starting symbols within a slot for SL-U
The shortcoming associated with slot-based PSCCH/PSSCH transmission in unlicensed spectrum has lower channel access probability compared with unsynchronized Wi-Fi system. Supporting additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission, as illustrated in Figure 4, can provide more channel access opportunities to transmitting UE(s). Consequentially, it would reduce transmission latency and further improve channel utilization. But at the same time, it also increases processing complexity of PSCCH blind decoding at receiving UE(s) and data preparation at transmitting UE. Sub-slot (e.g., additional starting symbol at symbol 7 of a slot) would provide tradeoff between increasing channel access probability and increasing UE processing complexity.  

[bookmark: Proposal96008]Proposal 12: Consider introducing sub-slot for PSCCH/PSSCH transmission (e.g. additional starting symbol at symbol 7 of a slot) in unlicensed spectrum.   
2.3	Considerations on UE multiplexing and LBT
In the legacy SL, UEs can be multiplexed both in time (enabled by partitioning time into SL slots) and frequency (enabled by the partitioning of the SL resource pool resources into multiple sub-channels). However, the type of UE multiplexing allowed in SL-U will constraint the design of the LBT process integration into the different SL slot formats.
In the case that both, time and frequency multiplexing of multiple UEs are allowed within an LBT bandwidth, to ensure that all devices have a chance to successfully complete their LBT procedure, then the last CCA slot of an LBT procedure should be placed at the same time across all sub-channels, as depicted in Figure 5. Furthermore, all UEs attempting to perform LBT in association with their transmission in a SL slot, should also initiate their transmissions at the same time in each of their associated sub-channels. In case the last CCA slots were placed at different times across the different sub-channels in a slot and therefore the UEs would initiate their transmissions also at a different time instant, then some UEs would be blocked from accessing their selected resources due to their LBT procedure failing due to activity from other UEs.
[bookmark: Obs67626]Observation 6: When time and frequency multiplexing is allowed in an LBT bandwidth for SL-U, the last CCA slot associated with an LBT procedure should be placed at the same time across all sub-channels.


[bookmark: _Ref102035545]Figure 5: Example of frequency multiplexing where all LBT procedures associated last CCA slot are placed at the same time across all sub-channels.
[bookmark: Proposal96009]Proposal 13: RAN1 to evaluate if time and frequency multiplexing of multiple UEs within an RB set is to be allowed in SL-U.
In the case that only time multiplexing of multiple UEs within an LBT bandwidth is allowed, then the placement of the last CCA slot associated with an LBT procedure becomes more flexible. 
[bookmark: Obs67627][bookmark: _Hlk111200178]Observation 7: When time-only multiplexing is allowed within an RB set, then the placement of the last CCA slot associated with an LBT procedure in SL-U will be more flexible.
For example, in NR-U the configuration of multiple placement positions for the last CCA slot was supported, which in conjunction with CP-extension, allowed a UE with higher-priority traffic to acquire the channel earlier and then via the CP-extension indicate the channel occupancy to other LBT UEs. This, in practice, allows for the establishment of multiple transmission starting points. The same principle could be applied to SL-U, to differentiate between different priority transmissions. As an example, depicted in Figure 6, the transmission starting point of SL transmission can be either before the AGC symbol with CP extension as in NR-U or can be placed within the AGC symbol. 


[bookmark: _Ref102039748]Figure 6: Example of multiple transmission starting points (implemented by the placement of multiple CCA slots).
[bookmark: Obs67628]Observation 8: The LBT can be implemented in the SL slot as follows: (i) the transmission starting point of SL transmission can be either before the AGC symbol with CP extension as NR-U, or (ii) it can be flexibly placed within the AGC symbol.
[bookmark: Proposal96010]Proposal 14: For the case of time only multiplexing in an LBT bandwidth, RAN1 to evaluate the benefits of introducing multiple transmission starting points (each preceded by a CCA slot) at the start of a SL slot. 
In legacy NR SL, the last symbol of a slot is always a guard-symbol, where generally the SL UE performs the Tx/Rx switching as well as handling of synchronization time misalignment. In the context of Channel Occupation Time (COT) sharing, where an initiating device can share its acquired COT with a responding device; it might be beneficial for either the initiating or responding device to be able to reduce the duration of the guard-symbol in order to enable the application of LBT Type 2 B/C. Depending on the SCS configuration in FR1, the time duration of the guard-symbol can be larger than 16µs, which are the maximum transmission gaps allowed for UE to perform the reduced LBT with Type-2C/2B in case the COT sharing is applied. Thus, for enabling the COT sharing with reduced LBT in SL-U, the CP extension transmission can be also considered as one candidate option to meet the transmission gap requirement for the desired LBT type before PSCCH/PSSCH transmission or/and before PSFCH transmission, as shown in Figure 7.


[bookmark: _Ref102044470]Figure 7: Example of CP extension when a valid COT is available.
[bookmark: Obs67629]Observation 9: For enabling the COT sharing with reduced LBT, the CP extension transmission can be also considered as one candidate option for reducing the transmission gap duration, either before PSCCH/PSSCH transmission or/and before PSFCH transmission.
3	On PSCCH and PSSCH design
In NR-U, the regulatory limitations in terms of OCB and PSD guided the design choices for the uplink channels of NR-unlicensed system and therefore an interlaced FDM scheme was adopted. In interlaced FDM, specified in TS38.214 as UL resource allocation type 2, the UL resources are allocated in interlaces of 10 equidistant PRBs. The number of interlaces is 10 for 15 kHz SCS and 5 for 30 kHz SCS.
[bookmark: Obs67630]Observation 10: In NR-U, the wide bandwidth of UL signals was achieved via an interlaced FDM scheme.
In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding PSCCH and PSSCH design:
	Agreement
For PSCCH and PSSCH in SL-U:
	(1) Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
o	(a) RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
o	(b) FFS: whether/how to address IBE (In Band Emission) impact
Agreement
For PSCCH and PSSCH in SL-U:
	(2) For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
o	(a) Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
	FFS: Other resource allocation granularity, e.g., RB-level
o	(b) 1 sub-channel equals K interlaces if sub-channel is supported
	FFS details
o	(c) Other candidates are not precluded
o	(d) FFS: mapping of PSCCH to frequency resources
o	FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.


Regarding FFS (1).a, the legacy interlaced-RB scheme with NR-U is for the purpose of fulfilling the OCB and PSD requirements required by certain region. And considering the ongoing design with SL-U operation, we don’t see the need and clear benefits of having both contiguous-RB and interlaced-RB to be configured in the same resource pool. Having the configuration of contiguous-RB and interlaced-RB in separate non-frequency multiplexed resource pools could simplify the overall design for SL-U as well as the effort to future SL-U implementation.
[bookmark: Proposal96011]Proposal 15: RAN1 to preclude the configuration of contiguous-RB and interlaced-RB in the same resource pool simultaneously.
Regarding FFS (1).b, for interlace RB-based transmissions, IBE (In Band Emission) impact is more significant in PC5 interface than at Uu interface. This is the case since, due to the slow decay of IBE in frequency, PRBs surrounding the PRBs in which the UE is transmitting may suffer substantial interference. Relative locations of UEs may cause large power differences (near-far scenario) received at a UE. Interference due to IBE is aggravated for near-far scenario encountered in sidelink communication. Hence enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communication in unlicensed spectrum. 
[bookmark: Obs67631]Observation 11: Interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
[bookmark: Proposal96012]Proposal 16: Enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communication in unlicensed spectrum.
Regarding FFS (2).a, the PSCCH/PSSCH frequency resource mapping on resource pool configuration in legacy SL the resource allocation for PSCCH/PSSCH is based on the granularity of subchannel. Where the PSCCH transmission is always associated with the lowest PRBs of the lowest subchannel of the scheduled PSSCH, meaning that, the bandwidth size (in terms of number of RBs) of PSCCH is always smaller or equal to the size of one subchannel. The PSCCH occupies sl-FreqResourcePSCCH (10,12,15,20, or 25, ≤ subchannel size) PRBs over sl-TimeResourcePSCCH (2 or 3) OFDM symbols which can be (pre-)configured by resource pool signalling. Considering SL-U design, with contiguous-RB based operation, the same design methodology as legacy SL could be adopted. And with interlaced-RB based operation, the subchannel based resource allocation for PSSCH should be kept as legacy SL approach, where 1 subchannel equals to K interlaces as agreed from last meeting. In addition, for the frequency resource mapping of PSCCH with interlaced-RB based operation, the legacy rule of association with lowest sub-channel of scheduled PSSCH can be kept. However, generally the payload size of PSCCH is smaller than PSSCH, which means that PSCCH requires less number of interlaces than PSSCH. Thus, the frequency resource mapping of PSCCH to interlaces can be considered to be different from the K-value of PSSCH. And how to map the PSCCH frequency resources to the interlaced PSSCH resource associated to the lowest subchannel should be also further discussed.
[bookmark: Proposal96013]Proposal 17: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent from the number of interlaces per sub-channel (i.e. the K-value).
[bookmark: Proposal96014]Proposal 18: To discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel.
4	PSFCH design 
In unlicensed spectrum, channel access relies on LBT (Listen-Before-Talk) to ensure fair coexistence of different wireless communication systems. LBT uncertainty in unlicensed spectrum may substantially reduce efficiency of sidelink communication and increase latency. Reliable transmission of PSFCH is critical because retransmission of PSSCH consumes much more resources than PSFCH. While a PSSCH occupies multiple PRBs (typically more than 10 PRBs) and most OFDM symbols of a slot, a PSFCH only occupies one PRB and 2 OFDM symbols of a slot. In unlicensed spectrum, PSFCH transmissions may not be initiated due to LBT failure. This will lead to retransmission of PSSCH consuming substantially more resources and increasing latency.   

In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding PSFCH design:
	Agreement
For PSFCH and SL-HARQ in SL-U:
	(1) At least R16 NR SL PSFCH format 0 is supported
o	(a) FFS whether to introduce new PSFCH format
	(2) 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.
	(3) FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
	(4) 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.
	(5) FFS: whether/how to address PSFCH and related PSSCH in different COTs 



The HARQ feedback is provided in PSFCH by an Rx UE, that is the intended recipient of a PSSCH transmission, to the UE that performed the transmission (i.e., the TX UE). In terms of resources, while a PSSCH occupies multiple PRBs (typically more than 10 PRBs) and most OFDM symbols of a slot, a PSFCH only occupies one PRB and 2 OFDM symbols of a slot. This means that a solution is needed when applying interlaced FDM to comply with OCB and PSD regulations, since a single PRB cannot be interlaced. 

Regarding FFS(2), in NR-U the interlace of the PUCCH format 0 was enabled by performing 10 repetitions equally spaced interlaces within the OCB. A similar approach could be applied to the SL-U PSFCH but the drawback of such approach is that the PSFCH capacity is reduced proportionally by the number of interlaces/repetitions required. Instead, a more efficient solution to achieve interlace and minimize the loss of capacity could be that the PSFCH of each Rx UE is sent alone in an RB (exclusively used by such Rx UE feedback) and, to comply with the OCB and PSD regulations, and such PSFCH feedback is repeated in a set of common RBs along the interlace that are used by other Rx UEs for the same purpose (repetitions of PSFCHs along the interlace). This complies with the regulations and uses more efficiently the amount of RBs needed for each PSFCH while assuring that the transmission content is protected from collisions with other Rx UEs PSFCHs. 

[bookmark: Proposal96015]Proposal 19: RAN1 to study enhancements to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 

[bookmark: Proposal96016]Proposal 20: RAN1 to consider the introduction of common interlace shared by all legacy PSFCH resources which the main purpose is meeting OCB and PSD regulations.  

In the legacy NR SL, there is a one-to-one mapping between the PSCCH/PSSCH resource used and the corresponding PSFCH resource. Therefore, from the physical layer perspective, there is only one chance in time domain for transmission of the HARQ feedback. In a SL-U context, if the UE is not able to complete the LBT procedure successfully before the start of the PSFCH resource symbols, then it will not be able to access the channel and therefore will have to drop the HARQ feedback transmission.

[bookmark: Obs67632]Observation 12: In case the UE is not able to complete successfully the LBT procedure, then it will be unable to access the PSFCH resource symbols and will have to drop the transmission of the HARQ feedback. 
 
A similar situation occurs in the legacy NR SL for in-device coexistence, where in some conditions (e.g. due to prioritization of transmission and reception) the UE has to drop its HARQ feedback transmission. However, there is currently no NR SL legacy mechanism that recovers from it. In SL-U, the cause for dropping HARQ feedback transmission is external to the UE, therefore, a recovery mechanism should be introduced for that purpose. If the UE has multiple PSFCH occasions for providing feedback for each PSSCH, it increases the probability to be able to provide HARQ feedback, even when the LBT procedure is not successful.
 
Regarding FFS (3) and (4), it is important to make the HARQ feedback process more robust against LBT failures without decreasing the PSFCH capacity and still comply with the OCB and PSD requirements. For such purpose, the UE may use the interlaced RBs to, not only providing HARQ feedback for the corresponding PSSCH, but also as additional opportunities for PSFCH of prior PSSCHs.

[bookmark: Proposal96017]Proposal 21: RAN1 to study means for support of multiple PSFCH occasions to increase robustness against LBT procedure failures.

Regarding FFS (5), as mentioned before, using a single (pre-)configured PSFCH mapping to provide feedback for PSCCH/PSSCH may cause the Rx UE to drop the HARQ feedback if it fails the LBT. In some cases, a dynamic configuration of the PSFCH resources may also be beneficial to cope with LBT failures, since the Tx UE may inform the Rx UE when there will be another opportunity for PSFCH transmission. As the example illustrated in Figure 8, if the Tx UE fails the LBT and is not able to transmit the PSSCH at slot N, the COT is lost, and the Rx UE will not be able to send the PSFCH of a prior PSSCH (e.g. PSSCH at slot N-2) in such slot. Therefore, the Tx UE may dynamically inform the Rx UE of a new PSFCH resource in the next shared COT corresponding to the PSFCH for providing feedback for the missed PSSCH at slot N (that could not been sent). Alternatively, the mapping to a new PSFCH resource in a different COT may also be implicitly selected in the first slot of the next shared COT.
[image: ]
[bookmark: _Ref110433797]Figure 8: Example of dynamic PSFCH configuration being used to cope with LBT failure.
[bookmark: Proposal96018]Proposal 22: RAN1 to study implicit mapping or dynamic configuration of PSFCH resources in a different COT that the corresponding PSSCH. 

5	SL-SS/PSBCH block design
To enable coexistence with other systems in unlicensed band, the S-SS/PSBCH design needs to consider the LBT channel access mechanism. More specifically, the transmission of a S-SS/PSBCH block needs to be preceded by an LBT slot. A UE acting as UESyncRef would then have to perform an LBT check to confirm if it can proceed with the transmission of the S-SS/PSBCH block. However, whenever the LBT check fails, as depicted in Figure 9, the UE will be unable to perform the transmission of the S-SS/PSBCH block, for which the main consequence is the degradation of the synchronization performance.


[bookmark: _Ref80958997]Figure 9: S-SS/PSBCH block preceded by an LBT check, with example of S-SS/PSBCH block not being transmitted due to LBT failure.

In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.2 regarding SL-Synchronization and S-SSB design:
	Agreement
For S-SSB and synchronization in SL-U:
	(1) 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.
	(2) Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
o	Option 1: Using interlaced RB transmission
o	Option 2: S-SSB multiplexing with other SL transmissions in the same slot
o	Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
o	Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
	(3) FFS: whether to support 4 symbols S-SSB
o	Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
	(4) FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
	(5) FFS whether any changes to R16/R17 NR SL synchronization procedure



Regarding FFS(1), a known design principle to increase robustness against LBT failures is to increase the number of transmission opportunities, such that if the UE suffers LBT failure in one opportunity, then the UE has the chance to attempt additional LBT checks in the remaining opportunities. An example of this design principle applied to the S-SS/PSBCH block design is depicted in Figure 10.


[bookmark: _Ref80959457]Figure 10: Introduction of multiple S-SS/PSBCH block transmission opportunities to mitigate LBT failures, where it is assumed that the SyncRefUE only transmits in the first opportunity where the LBT passes.
However, even though an S-SS/PSBCH block occupies only 11 PRBs of the SL BWP, all the remaining PRBs in the slot where the S-SS/PSBCH block takes place cannot be used by any other SL transmission, as depicted in Figure 11. The reason for this design is to ensure that, when UEs are performing their search for a synch source, they can detect the S-PSS and S-SSS signals more easily, since the S-SS/PSBCH block is the only signal present in the SL BWP. 


[bookmark: _Ref80960419]Figure 11: S-SS/PSBCH block occupation of the SL-BWP.
The introduction of additional S-SS/PSBCH block opportunities to increase robustness towards LBT failures is done at the cost of the reduction of resources available for SL communication. There is, therefore, the need for alternative approaches that enable robustness towards LBT failures, without impacting the number of usable resources for SL communications.

One advantage of introducing additional S-SS/PSBCH block opportunities is that if the LBT fails in the primary S-SSB opportunity and UE does not send S-SSB in the configured primary resource, then it can still use the secondary resource that overlaps with SL RP for S-SSB. But at the same time, it can receive at the original resource to see if other UEs sent S-SSB. The UE may conclude that the S-SSB sent by other UEs is sufficient and it can skip S-SSB transmission.
[bookmark: Proposal96019]Proposal 23: RAN1 to introduce additional time domain occasions for the transmission of the S-SSB, in order to increase robustness against LBT failures.
Regarding FFS (3), the reduction of the number of symbols in the S-SSB can decrease the S-SSB coverage. Therefore, there is the need to compensate for the power loss associated with reduced symbols (e.g. repetitions in the frequency domain).
[bookmark: Proposal96020]Proposal 24: 4-symbols S-SSB requires a compensation for coverage loss due to reduced number of symbols.
Regarding FFS (4), on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time, with a minimum BW being 2 MHz. Interlaced RB transmission is not suitable for S-PSS/S-SSS since non-uniform distribution of sequence elements degrades synchronization performance. RAN1 should consider supporting temporary exemption of OCB requirements for S-SSB or S-PSS/S-SSS transmission.   
[bookmark: Proposal96021]Proposal 25: RAN1 to support temporary exemption of OCB requirements for S-SSB or S-PSS/S-SSS transmission.
Regarding FFS (5), the motivation was to enable operation in areas where there are no GNSS or gNb/eNb coverage. But the R16/R17 NR SL synchronization procedure already supports operation outside coverage of GNSS and network.
[bookmark: Proposal96022]Proposal 26: No changes to the R16/R17 NR SL synchronization procedure for it to be applicable to SL-U.
6	 Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we discussed physical channel design for SL-U and make the following observations and proposals:
Observation 1: Wide bandwidth versions need to be designed for some of the SL channels / signals to fulfil the 80% occupied channel BW (OCB) requirement. However, this requirement is not applicable in all regulatory regions and in those cases Rel-16 SL channels / signals may be used. 

Observation 2: Wide bandwidth versions need to be considered for some of the SL channels / signals to support high transmission power under PSD limits.  

Proposal 1: RAN1 to discuss the relation between RB set and resource pool and sub-channel configuration.
Observation 3: In SL-U a resource pool configuration could be extended to support multiple RB sets, and a single sub-channel could support a single RB set.
Observation 4: In SL-U a resource pool configuration could be extended to support a single RB set, and then the RB set could be partitioned into multiple sub-channels.
Proposal 2: RAN1 to discuss on whether the LBT procedure can be applied at sub-channel level and/or resource pool level.
Proposal 3: The motivation of supporting one SL resource pool include sub-set of PRBs of one RB-set is unclear, and the support of a SL resource pool that includes integer number of RB sets is sufficient.
Proposal 4: Legacy SL supported subchannel size and number of subchannels in a resource pool should be considered for SL-U operation. FFS if other values need to be additionally considered with subchannel size and number of subchannels in a resource pool.

	Proposal 5: RAN1 to reuse guard band design principles from NR-U: 
-	Guard-band RBs between two RB sets to be configured via RRC configuration or derived from the RF requirements.
-	Guard-band RBs can be used for SL-U transmission by a SL-U UE if the LBT procedure is successful in two contiguous RB sets.


Proposal 6: R16/R17 NR SL S-SSB slots are excluded from the resource pool configuration.
Proposal 7: New S-SSB slots should be introduced and these should coexist in time with at least one resource pool. 
Proposal 8: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s.
Proposal 9: Regarding a sub-channel definition, a sub-channel and the associated K interlaces should be contained within a single RB set.
Proposal 10: RAN1 to consider in the SL-U design the same slot formats as defined for legacy NR SL.
Observation 5: The last CCA slot of an LBT procedure should precede any SL transmission type.
Proposal 11: RAN1 to evaluate the placement of the last CCA slot of an LBT procedure in each SL slot format.
Proposal 12: Consider introducing sub-slot for PSCCH/PSSCH transmission (e.g. additional starting symbol at symbol 7 of a slot) in unlicensed spectrum.   
Observation 6: When time and frequency multiplexing is allowed in an LBT bandwidth for SL-U, the last CCA slot associated with an LBT procedure should be placed at the same time across all sub-channels.
Proposal 13: RAN1 to evaluate if time and frequency multiplexing of multiple UEs within an RB set is to be allowed in SL-U.
Observation 7: When time-only multiplexing is allowed within an RB set, then the placement of the last CCA slot associated with an LBT procedure in SL-U will be more flexible.
Observation 8: The LBT can be implemented in the SL slot as follows: (i) the transmission starting point of SL transmission can be either before the AGC symbol with CP extension as NR-U, or (ii) it can be flexibly placed within the AGC symbol.
Proposal 14: For the case of time only multiplexing in an LBT bandwidth, RAN1 to evaluate the benefits of introducing multiple transmission starting points (each preceded by a CCA slot) at the start of a SL slot. 

Observation 9: For enabling the COT sharing with reduced LBT, the CP extension transmission can be also considered as one candidate option for reducing the transmission gap duration, either before PSCCH/PSSCH transmission or/and before PSFCH transmission.
Observation 10: In NR-U, the wide bandwidth of UL signals was achieved via an interlaced FDM scheme.
Proposal 15: RAN1 to preclude the configuration of contiguous-RB and interlaced-RB in the same resource pool simultaneously.
Observation 11: Interference due to in-band emission (IBE) is aggravated for near-far scenario encountered in sidelink communication. 
Proposal 16: Enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communication in unlicensed spectrum.
Proposal 17: Frequency resource mapping granularity of PSCCH to interlaces can be considered to be independent from the number of interlaces per sub-channel (i.e. the K-value).
Proposal 18: To discuss how to map the PSCCH and PSSCH frequency resources to the K sub-channel interlaces of the lower sub-channel.
Proposal 19: RAN1 to study enhancements to interlaced FDM schemes for PSFCH to comply with OCB and PSD regulations, while maximizing the PSFCH capacity. 

Proposal 20: RAN1 to consider the introduction of common interlace shared by all legacy PSFCH resources which the main purpose is meeting OCB and PSD regulations.  

Observation 12: In case the UE is not able to complete successfully the LBT procedure, then it will be unable to access the PSFCH resource symbols and will have to drop the transmission of the HARQ feedback. 

Proposal 21: RAN1 to study means for support of multiple PSFCH occasions to increase robustness against LBT procedure failures.

Proposal 22: RAN1 to study implicit mapping or dynamic configuration of PSFCH resources in a different COT that the corresponding PSSCH. 
Proposal 23: RAN1 to introduce additional time domain occasions for the transmission of the S-SSB, in order to increase robustness against LBT failures.
Proposal 24: 4-symbols S-SSB requires a compensation for coverage loss due to reduced number of symbols.
Proposal 25: RAN1 to support temporary exemption of OCB requirements for S-SSB or S-PSS/S-SSS transmission.
Proposal 26: No changes to the R16/R17 NR SL synchronization procedure for it to be applicable to SL-U.
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