[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3GPP TSG RAN WG1 #110bis-e			R1- 2208555
e-Meeting, October 10th – 19th, 2022

Agenda Item: 	9.4.1.2
Source:		Spreadtrum Communications
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK1]Title:		Discussion on physical channel design of sidelink on unlicensed spectrum
Document for:		Discussion and decision

Introduction
According to the WID [1], Rel-18 NR sidelink evolution will take sidelink on unlicensed spectrum into account for enhancement. In the last meeting [2], we have discussed PSCCH/PSSCH, PSFCH design, and S-SSB design for SL-U [3]. In this contribution, we further discuss the physical channel design of sidelink on unlicensed spectrum.
Discussion
SL BWP and SL resource pool
At the RAN1#109-e meeting, the following agreement about resource pool and RB set was achieved.
	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.



It has been agreed that SL BWP and SL resource pool are reused, where one SL BWP is (pre-)configured within a carrier and can include one or multiple SL resource pools. For the relationship between resource pool and RB set, there is no consensus.
In NR SL, a resource pool can be (pre-) configured with multiple consecutive PRBs. The bandwidth of a resource pool can be greater than or less than 20MHz. In NR-U, the unit of LBT bandwidth is one RB set with 20MHz. If the resource pool in SL-U is (pre-) configured with one or multiple 20MHz, the channel access procedure and transmission mechanism in NR-U can be reused. One or multiple interlace RB can be used on one RB set which can meet the OCB requirements after performing the channel access procedure. If the resource pool in SL-U is (pre-) configured to be less than 20MHz or not an integer multiple of 20 MHz LBT bandwidth, there may be a situation that a transmission cannot occupy 80% of one certain LBT bandwidth which may not meet OCB requirements. In our view, the resource pool should be (pre-) configured with one or multiple 20MHz.
Proposal 1: The resource pool should be (pre-) configured with one or multiple of LBT bandwidth in the frequency domain.
In NR SL, S-SSB slots, DL transmission slots, slots with not enough symbols for SL transmission, and reserved slots are excluded from a resource pool. So a resource pool consists of a set of logical slots which is (pre-) configured by bitmap. Because the value of bitmap can be “0”, the consecutive transmissions may be interrupted during COT. COT cannot be maintained and the probability of successful channel access is reduced. Therefore, the bitmap of SL resource pool in time domain should be all “1”
Proposal 2: The bitmap of SL resource pool in time domain should be all “1”.
SL Sub-channel and interlace
[bookmark: _GoBack]At the last meeting, the following agreement about sub-channel and interlace was achieved.
	Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool



In NR-U, in order to meet OCB (Occupied Channel Bandwidth) requirements in some regions, IRB (Interlaced Resource Block) in physical layer is used, and the minimum granularity in frequency domain is interlace. And we have agreed that in order to meet OCB requirements the definition of IRB of NR-U is reused for PSSCH and PSSCH as in figure1 and one sub-channel equals K interlace. The PSCCH/PSSCH consists of contiguous IRBs with interlace 0 and interlace 1.


Figure 1 IRB of PSCCH/PSSCH
In Rel-16 SL, sub-channel is the minimum granularity in frequency domain for the sensing for PSSCH resource selection, which consists of contiguous PRBs only. One sub-channel includes 10, 12, 15, … or 100 PRBs, which is (pre-) configured per resource pool. In our view, 1 sub-channel should consist of one or multiple contiguous IRBs in SL-U, which should be (pre-) configured per resource pool.
Proposal 3: 1 sub-channel equals K interlace, and K is (pre-)configured.
At the last meeting, whether support 1 sub-channel spans multiple RB set(s) belonging to a resource pool has been discussed. On unlicensed spectrum, the granularity of LBT operation is one RB set. 1 sub-channel spans multiple RB set(s) means that LBT operation should be successful for both RB set. It may reduce the probability of successful channel access. Therefore, in our view, 1 sub-channel should be confined within 1 RB set.
Proposal 4: 1 sub-channel is confined within 1 RB set.
If the definition of interlace structure in NR-U is reused, the number of PRB in an interlace is no less than 10. In one RB set, some interlaces contain 10 PRB and other interlaces contain 11 PRB for 15 kHz SCS. In SL-U, 1 sub-channel equals K interlace. Then, in one resource pool, the size of sub-channels are different which may impact TBS determination. Therefore, whether and how to deal with it should be further discussed.
Observation 1: Different sub-channels may contain different RB numbers and/or interlaces numbers. 
Slot structure for sidelink on unlicensed spectrum
For the slot structure of Rel-16 SL, as shown in figure 2, the first symbol is the AGC symbol, which is duplicated from the first OFDM symbol of a PSSCH and its associated PSCCH. The last symbol is GP between the two slots to allow UE enough time to complete the adjustment between reception and transmission. When PSFCH is configured in the resource pool, there is also a GP and AGC symbol before PSFCH.
For sidelink on unlicensed spectrum, if the GP is larger than 16μs, UE needs to perform LBT even though the channel is occupied in the last slot. Then UE may not be able to occupy the channel when LBT fails. In order to ensure that UE can continuously occupy the channel in the obtained COT, the GP that is smaller than 16μs can be supported in SL-U. And CP extension of AGC symbol can be considered, which is shown in figure 3.



Figure 2. Rel-16 SL slot structure


Figure 3. SL –U slot structure
Proposal 5: The GP that smaller than 16 μs can be supported in SL-U, and CP extension of AGC symbol should be supported.
PSFCH design and SL-HARQ for sidelink on unlicensed spectrum 
In Rel-16 SL, there is only one PSFCH symbol in a slot. And PSFCH is (pre-) configured periodically, with 1, 2, or 4 logical slot(s). For a PSSCH transmission, there is only one PSFCH resource for HARQ feedback. In SL-U, if the gap between a HARQ feedback occasion and the last transmission of current UE is larger than 16μs, UE should perform LBT before the PSFCH transmission. Then PSFCH cannot be transmitted if LBT fails. It has a great impact on the reliability and latency of SL-U transmission. Therefore, in order to mitigate the impact of LBT failure, multiple PSFCH transmission opportunities in SL-U should be supported.
Proposal 6: Multiple PSFCH transmission opportunities in SL-U should be supported.
We can consider increasing PSFCH transmission opportunities in the following three options.
· Option 1: Increase the number of PSFCH symbols in the same slot
In the current SL slot structure, there is only one PSFCH symbol in a slot, so we can consider enhancing the SL slot structure by adding an additional PSFCH symbol as shown in Figure 4 (a). Each PSSCH transmission has two corresponding PSFCH candidates in PSFCH symbol 1 and PSFCH symbol 2. When UE fails to transmit HARQ in PSFCH symbol 1 due to LBT failure, UE may obtain a new transmission opportunity in PSFCH symbol 2. This option will not increase the latency of SL-U transmission, but the enhancement of SL slot structure will bring many specification efforts.
· Option 2: Increase the transmission opportunity of PSFCH in subsequent slots 
It can also be considered to increase additional frequency resources of PSFCH in the later PSFCH period, as shown in Fig. 4 (b). The PSFCHs corresponding to the PSSCHs of the current period are separated from that of the previous period by FDM. When UE fails to transmit HARQ in the current PSFCH period due to LBT failure, it may obtain a new transmission opportunity in the next period. This option may increase the transmission latency of SL-U, but it is relatively simple.
· Option 3: Increase the transmission opportunity of PSFCH on other LBT bandwidth
If SL-U supports wideband, increasing PSFCH transmission opportunities on other LBT bandwidth can also be considered, as shown in Figure 4 (c). Each PSSCH has multiple corresponding PSFCHs on different LBT bandwidth. For example, if UE fails LBT on LBT bandwidth 1 and succeeds LBT on LBT bandwidth 2, it can still transmit HARQ on the PSFCH of LBT bandwidth 2 successfully. But this option is only suitable for wideband.


(a) Option 1: Increase the number of PSFCH symbols in a slot


(b) Option 2: Increase the transmission opportunity of PSFCH in subsequent slots


(c) Option 3: Increase the transmission opportunity of PSFCH on other LBT bandwidth
Figure 4 PSFCH of SL-U
Proposal 7: To increase the transmission opportunity of PSFCH, the following options can be considered:
· Option 1: Increase the number of PSFCH symbols in a slot,
· Option 2: Increase the transmission opportunity of PSFCH in subsequent slots, or 
· Option 3: Increase the transmission opportunity of PSFCH on other LBT bandwidth.
At the last meeting, the following agreement about PSFCH is achieved.
	Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives



In NR SL, PSFCH is (pre)- configured in time domain, and PSFCH resource is determined through the mapping with corresponding PSSCH. There is no PSFCH transmissions collision between different UEs. For Alt 1, the PSFCH resources determination in NR SL can be reused. For Alt2, different TX UEs determine PSFCH resources dynamically. It may impact the resource exclusion procedure, and there will exist PSFCH resources collision between different UEs. In our view, dynamical indication of PSFCH resources should not be supported in R18 SL-U.
Proposal 8: Dynamical indication of PSFCH resources should not be supported.

S-SSB design in SL-U
In NR SL, S-SSB occupies 11 PRBs, so OCB requirement cannot be meet. At the previous meeting, we have discussed 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
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]For option 1 and option 3, they are straightforward solutions and the basic rule of NR SL SSB design can be reused. For option 2, it’s hard to ensure that multiple UEs can perform S-SSB transmissions in the same slot multiplexing with other SL transmissions. This option may reduce S-SSB transmission efficiency, compared with NR SL. For option 4, a new SL-U SSB should be designed, so it may need more specification work. Therefore, option 1 and option 3 can be considered.
Proposal 9: The following solutions can be considered to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain

Conclusions
Proposal 1: The resource pool should be (pre-) configured with one or multiple of LBT bandwidth in the frequency domain.
Proposal 2: The bitmap of SL resource pool in time domain should be all “1”.
Proposal 3: 1 sub-channel equals K interlace, and K is (pre-)configured.
Proposal 4: 1 sub-channel is confined within 1 RB set.
Observation 1: Different sub-channels may contain different RB numbers and/or interlaces numbers. 
Proposal 5: The GP that smaller than 16 μs can be supported in SL-U, and CP extension of AGC symbol should be supported.
Proposal 6: Multiple PSFCH transmission opportunities in SL-U should be supported.
Proposal 7: To increase the transmission opportunity of PSFCH, the following options can be considered:
· Option 1: Increase the number of PSFCH symbols in a slot,
· Option 2: Increase the transmission opportunity of PSFCH in subsequent slots, or 
· Option 3: Increase the transmission opportunity of PSFCH on other LBT bandwidth.
Proposal 8: Dynamical indication of PSFCH resources should not be supported.
Proposal 9: The following solutions can be considered to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
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