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1. Introduction
The WID for NR sidelink evolution has been approved for Rel-18 in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
	1. 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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]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.
· [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 will discuss the physical channel design framework for sidelink (SL) on unlicensed spectrum.
2. [bookmark: _Ref498564494]Physical Channel design Framework 
1. 
2. 
[bookmark: _Ref101534941][bookmark: _Ref67499018][bookmark: _Ref521492551][bookmark: PP12]SL sub-channel and interlace
In RAN#109e meeting, the contiguous and interlaced sub-channel were discussed, and the following agreements were achieved [3]:
	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.


It has been agreed to reuse the Rel-16 SL BWP and resource pool concepts to unlicensed band. One remaining issue is whether to reuse the sub-channel concept. Considering that sub-channel is the fundamental concept used in SL framework, and the physical layer structure (e.g., PSCCH/PSSCH RE mapping, SCI Design, PSFCH mapping, etc.) and physical layer procedure (e.g., resource selection procedure) are highly depending on the sub-channel. Significant design and specification efforts are inevitable if a new design is introduced other than the sub-channel concept. Therefore, it is desirable to reuse that the sub-channel concept.
[bookmark: _Ref111049681]Proposal 1: Sub-channel in R16/R17 NR SL are reused for SL-U as baseline.
In the case of contiguous RB-based, the sub-channel can be directly reused. Current SL sub-channels are defined as contiguous PRBs with candidate value of {10, 12, 15, 20, 25, 50, 75, 100}. For the 20MHz channel in unlicensed spectrum, the number of available PRBs are 106, 51 and 24 for SCS 15KHz, 20KHz and 60KHz, respectively. 
On the other hand, in the non-contiguous case, i.e., to fulfill the OCB requirement, the R16 NR-U interlace would be used. In this case, the mapping between sub-channel and interlace can be defined, so that a unified framework can be obtained regardless of whether interlace is enabled or not. 
When interlace is enable, each sub-channel can be defined as one or more interlaces spanning over the whole resource pool, and the minimum number of PRBs within the sub-channel is the same as the legacy sub-channel. 
When the resource pool contains more than one RB sets as shown in Figure 1, the interlace is defined across the whole resource pool. The sub-channel can be defined over one RB set or two RB sets, i.e., UE can use partial interlace (one RB set) or full interlace (two RB sets) to perform SL transmissions.


[bookmark: _Ref101531479]Figure 1 Interlaced sub-channel
[bookmark: _Ref95237450][bookmark: _Ref101431688][bookmark: _Ref101701942]Proposal 2: Sub-channel can be defined as one or more interlaces over one or more RB sets.

PSFCH on unlicensed spectrum
In RAN1#109e meeting, the regulatory requirements such as OCB and PSD, the location of the PSFCH resources, etc., have not been decided yet.
	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 


The PSFCH resource is one PRB for SL transmissions on licensed spectrum, which cannot fulfill the OCB requirement on unlicensed spectrum. Instead, the PSFCH transmission needs to spread over the nominal channel bandwidth. One straightforward solution is to reuse the interlace for PSFCH transmission, e.g., one sub-channel containing one interlace to perform PSFCH transmission. Since one interlace contains at least 10 PRBs, each PSFCH channel can transmit over multiple PRBs, e.g., by repetition, to meet the OCB requirement.
[bookmark: _Ref101970721]Proposal 3: Interlaced structure can be supported for PSFCH transmission.
In unlicensed spectrum, the channel availability is uncertain. On the other hand, the PSFCH transmission occasion is pre-determined according to the (pre-)configuration. If channel access mechanism (either Type-1 or Type-2x) is required for PSFCH transmission [4], in each (pre-)configured PSFCH transmission occasion, the channel may be busy, and consequently the PSFCH transmission may fail. In order to enhance the transmission possibility of PSFCH, multiple PSFCH transmission occasions can be supported. With multiple transmission occasions, each PSSCH is mapped to multiple candidate PSFCHs. When the first PSFCH transmission fails, UE can try to transmit PSFCH in the next occasions. In case the PSFCH transmission succeeds in an early PSFCH occasion, UE simply skips the PSFCH transmissions in the later occasions. 
[image: ]
Figure 2 Multiple PSFCH occasions
The system level simulations are performed to evaluated the performance, with the results shown in Figure 3. In the simulations, type1 LBT is required for each PSFCH transmission. For the ‘one-shot PSFCH’ case, the Rel-16 PSFCH occastion and mapping rule is reused for HARQ-ACK feedback, i.e., only a single PSFCH occasion associated with a PSSCH. If the LBT fails for the PSFCH transmission, it is handled in the same way as Rel-16, i.e., treated as NACK due to DTX.  While in the ‘multiple PSFCH’ case, up to 3 additional PSFCH occasions are associated to a PSSCH, as discussed above. The simulation results show that the multiple PSFCH occasion can improve the UE average throughput by 22% compared to the one-shot PSFCH transmissions. More details of the simulation assumptions can be found in Annex I.

[bookmark: _Ref111196512]Figure 3 System performance based on the LBE channel access mechanism
Moreover, as COT sharing is supported in SL, COT sharing can be used for PSFCH transmission. Tx UE can dynamically trigger the PFSCH transmission when channel is available, e.g., when Tx UE obtain a COT. Tx UE can indicate the shared PSFCH resources in the SCI, then the Rx UE can transmit the PSFCH in the COT initiated by Tx UE.
[bookmark: _Ref101701946]Proposal 4: If LBT based channel access mechanism is required for PSFCH, multiple candidate PSFCH occasions can be supported for PSFCH transmission.
[bookmark: _Ref101970726]Proposal 5: Sharing the COT of Tx UE for PSFCH transmission is supported in SL-U.
S-SSB on unlicensed spectrum
In RAN#109e meeting, the S-SSB were discussed, and the following agreements were achieved [3]:
	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



· Regarding the options to meet OCB and PSD:
Among the four options, the interlace structure will not only increase the complexity of PSBCH decoding but also increase difficulty in frequency offset compensation and time tracking based on S-PSS/S-SSS, thus option 1 is not preferred. Moreover, it is suggested to reuse the R16 design as far as possible to save overhead, thus new sequence as suggested in option 4 should be avoided. FDM solutions are used in NRU, in which the DL SSB and other signals are transmitted over a set of contiguous RBs in a FDM manner. However, FDM solution is not applicable to SL-U. Firstly, it was agreed that the SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused as the baseline. In R16, S-SSB is outside the resource pool and other SL channels such as PSSCH/PSCCH are inside the resource pool. If this principle is inherited by SL-U, there are no SL channels that can be FDMed with the S-SSB. Even if this restriction is removed, e.g., by allowing the S-SSB inside the resource pool, there are two issues. Firstly, as PSSCH/PSCCH is transmitted in units of interlace, how can FDM manner between S-SSB and PSSCH/PSCCH be guaranteed? Secondly, even if S-SSB is also transmitted in units of interlace, UEs sharing the same sync reference would not be able to receive the PSSCH/PSCCH multiplexed with S-SSB from each other due to half-duplex constraint. Thirdly, even if PSSCH/PSCCH FDMed with the S-SSB is used to transmit dummy data, the S-SSB coverage decreases. In contrast, transmitting multiple S-SSBs repetitions is a much more straightforward solution. Coverage and reliability of S-SSB can be guaranteed by combination of S-SSBs in the frequency domain.
Alternatively, a SCS different from the other SL channel can be considered for S-SSB to meet the OCB requirement.
[bookmark: _Ref111194839]Proposal 6: Option3 is supported to meet the OCB requirement.
[bookmark: _Ref111194845]Proposal 7: S-SSB SCS can be separately configured and can be different from SCS of other SL channels (i.e., PSSCH/PSCCH/PSFCH) to meet the OCB requirement.

· S-SSB candidates in time domain
In an unlicensed spectrum, the channel may be busy in the intended S-SSB candidate if a LBT channel access mechanism (either Type-1 or Type-2x) is required for S-SSB transmission [4], resulting in S-SSB transmission failure. There are only a few S-SSB candidates in Rel-16, i.e., only one S-SSB candidate per 160ms at 15 kHz. Once the LBT failure happens, the UE needs to wait another 160ms for S-SSB transmission, which would prolong the synchronization procedure of the UE as well as slowing down the formation of synchronization clusters in the SL system, degrading the synchronization performance, or even worse, breaking the sidelink system due to loss of Synchronization. Thus, in the case that LBT is required for S-SSB transmission, more S-SSB candidates should be supported in the unlicensed spectrum due to the uncertainty of access. For example, for 15 kHz, 4 or 8 S-SSB candidate locations can be supported in SL-U.


Figure 4 more candidate S-SSB candidates
[bookmark: _Ref111194851]Proposal 8: If a LBT channel access mechanism is required for S-SSB transmission, more candidate S-SSB occasions in the time domain should be supported to increase the opportunities for S-SSB transmission for each S-SSB SCS, the number of S-SSB L is as follows:
· For S-SSB SCS=15kHz, L=1,2,4,8
· For S-SSB SCS=30kHz, L=1,2,4,8,16
· For S-SSB SCS=60kHz in FR1, L=1,2,4,8,16,32

Further, adjacent S-SSB bursts in R16 are either next to each other or equally distributed, there is only one S-SSB candidate in each S-SSB burst. Once the LBT launched for an S-SSB burst fails, it has to wait until the next S-SSB burst and to perform a new LBT. Even if LBT to an S-SSB candidate success, a new LBT should be launched for the next S-SSB candidate due to the gap between the bursts, which also increases the time and difficulty of the sync procedure.


Figure 5 S-SSB bursts
[bookmark: _Ref111194859]Proposal 9: S-SSB burst containing more than one S-SSB candidate located on a set of consecutive time resources is supported. There are one or more S-SSB bursts in a S-SSB period.

In R16 SL, the time locations of the S-SSB candidates are (pre-)configured semi-statically. In SL-U, the time locations of the S-SSB candidates should also be semi-statically defined. Otherwise, UE has to perform a full search all the time. UE may successfully access the channel in the middle of a S-SSB candidate. To occupy the channel, one way is to send the remaining S-SSB or to send a dummy signal from the start time of the accessed channel. Another way is to send a complete S-SSB from the start time, in which case, the time resource occupied by the S-SSB is shifted relative to the (pre-)configured S-SSB candidate resource. 
[bookmark: _Ref111194865]Proposal 10: The time locations of the S-SSB candidates are (pre-)configured semi-statically.
[bookmark: _Ref111194872]Proposal 11: If the LBT succeeds in the middle of a S-SSB candidate, UE transmits either the remaining S-SSB signal or a dummy signal from the start time of the accessed channel to occupy the channel.

· whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from the resource pool
If S-SSB resources are excluded from the resource pool, while at the same time the number of S-SSB candidates increases, the number of resources available for SL communication decreases dramatically. Further, if the S-SSBs are distributed evenly at regular intervals, this may result in frequent interruptions, thus leading to lower resource efficiency as well as lower channel access success rate. Therefore, to improve resource utilization, S-SSBs should not be excluded from the resource pool. UE can preclude S-SSB resources when selecting candidate resources for future reservations.


Figure 6 relationship between resource pool and S-SSB

[bookmark: _Ref111194878]Proposal 12: R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are not excluded from the resource pool.

[bookmark: _Hlk110957109]PSCCH for mini-slot transmission
The additional starting symbols within a slot has been discussed with the 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


Similar as in NRU, due to the uncertainty of the channel availability, the start of the channel available time may not be aligned with the slot boundary. In order to perform SL transmission as quickly as possible when channel is available, it is proposed to transmit the SL based on the mini-slot. i.e., adding additional starting symbol within a slot.
However, there are some issues to be considered. For example, the mini-slot based SL transmission requires multiple PSCCH transmission occasions within a slot. When wideband operation is supported, PSCCH transmission occasion within each RB set may be necessary. Therefore, if mini-slot based SL transmission is performed over a wide bandwidth larger than 20MHz, UE may need to perform PSCCH detection at the beginning of each mini-slot and in each RB set, which may far beyond the UE capability. Therefore, the PSCCH candidate positions should be carefully studied for mini-slot based SL transmission.
[bookmark: _Ref110868687]Proposal 13: Further study the potential issues (such as PSCCH candidate positions) for mini-slot based SL transmission.
Power control in unlicensed band 
Operation in unlicensed spectrum is subject to different regulation requirements in some regions and frequency bands. To constrain the inter-RAT (Wi-Fi, WiGig radar) and intra-RAT interference levels, any technology attempted accessing to the unlicensed spectrum (like SL-U) should comply with the transmit power requirement, in terms of EIRP and PSD. For instance, according to the ETSI regulation, the maximum mean EIRP and PSD in the 5150-5350 MHz band are limited to 23 dBm and 10 dBm/MHz, respectively, while in the 5470-5725 MHz band are limited to 30 dBm and 17 dBm/MHz, respectively.
Open-loop power control is adopted in NR Sidelink to determine the transmit power. The existing power control mechanism only restricts the maximum transmit power (e.g., 23 dBm), but does not consider the PSD. For example, considering the transmit power requirement for SL-U UEs to operate in 5150-5350 MHz band, the Peak PSD can be achieved if the SL-U UEs transmit with the maximum transmit power spreading over the 20MHz channels (23 dBm -10×log10 (20 MHz)=10 dBm/MHz). This implies that if the SL transmission with the maximum transmit power occupies with a smaller bandwidth (i.e., less than 20MHz), the PSD would exceed the PSD limit. This issue would be critical for PSFCH and S-SSB transmission, because this kind of transmission is very unlikely to occupy the full 20MHz channel bandwidth. Thus, SL-U power control should take the PSD limit into consideration.
[bookmark: _Ref111145269]Proposal 14: SL-U power control should take into account the PSD limit, especially for some SL channel such as PSFCH or S-SSB.
For a given PSD constraint of 10 dBm/MHz, the Peak PSD conducted from the SL-U transmission shall not be greater than 10 dBm in every 1MHz band. To make the full use of the maximum transmit power, SL-U power control under the PSD constraint should depend on the frequency domain distribution of the SL-U transmission. For example, according the Rel-16 power control mechanism, the transmit power is equally distributed over multiple PSFCHs to be transmitted in the same time, while the specific frequency domain location is irrelevant. However, on the unlicensed band, a (unevenly distributed) frequency location would exceed the PSD limit. As shown in Figure 7, when transmitting the same number of PSFCHs with transmit power of 5 dBm for each PSFCH, although the mapping of PSFCH occasion 1 (in the left) has no problem, the mapping of PSFCH occasion 2 (in the right) exceeds the Peak PSD limit (10 dBm/MHz). Therefore, in order to comply with the PSD requirement, the power control mechanism should consider the frequency domain distribution of the PSFCH transmission.


[bookmark: _Ref110953318]Figure 7 Frequency domain distribution of PSFCH
[bookmark: _Ref111145270]Proposal 15: SL-U power control under the PSD constraint should consider the frequency domain distribution of the SL-U transmission.
3. Conclusion
In this contribution, we focus on the physical channel design framework for SL on unlicensed spectrum, and have the following proposals:
Proposal 1: Sub-channel in R16/R17 NR SL are reused for SL-U as baseline.
Proposal 2: Sub-channel can be defined as one or more interlaces over one or more RB sets.
Proposal 3: Interlaced structure can be supported for PSFCH transmission.
Proposal 4: If LBT based channel access mechanism is required for PSFCH, multiple candidate PSFCH occasions can be supported for PSFCH transmission.
Proposal 5: Sharing the COT of Tx UE for PSFCH transmission is supported in SL-U.
Proposal 6: Option3 is supported to meet the OCB requirement.
Proposal 7: S-SSB SCS can be separately configured and can be different from SCS of other SL channels (i.e., PSSCH/PSCCH/PSFCH) to meet the OCB requirement.
Proposal 8: If a LBT channel access mechanism is required for S-SSB transmission, more candidate S-SSB occasions in the time domain should be supported to increase the opportunities for S-SSB transmission for each S-SSB SCS, the number of S-SSB L is as follows:
· For S-SSB SCS=15kHz, L=1,2,4,8
· For S-SSB SCS=30kHz, L=1,2,4,8,16
· For S-SSB SCS=60kHz in FR1, L=1,2,4,8,16,32
Proposal 9: S-SSB burst containing more than one S-SSB candidate located on a set of consecutive time resources is supported. There are one or more S-SSB bursts in a S-SSB period.
Proposal 10: The time locations of the S-SSB candidates are (pre-)configured semi-statically.
Proposal 11: If the LBT succeeds in the middle of a S-SSB candidate, UE transmits either the remaining S-SSB signal or a dummy signal from the start time of the accessed channel to occupy the channel.
Proposal 12: R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are not excluded from the resource pool.
Proposal 13: Further study the potential issues (such as PSCCH candidate positions) for mini-slot based SL transmission.
Proposal 14: SL-U power control should take into account the PSD limit, especially for some SL channel such as PSFCH or S-SSB.
Proposal 15: SL-U power control under the PSD constraint should consider the frequency domain distribution of the SL-U transmission.
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Annex I
Table 1 System level simulation assumption
	Parameter
	Value

	Deployment
	Indoor

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Channel model
	P2P link defined in TR37.885

	Link adaptive
	Enable

	Traffic model for SL
	R17 sidelink commercial traffic model with periodic model 3 reduced by a factor of 5

	Channel access
	LBE

	Tx Power
	23 dBm

	Antenna number
	[M N P Mg Ng Mp Np]=[1 2 3 1  1 1 1]  for SL-UE
[M N P Mg Ng Mp Np]=[1 1 2 1  1 1 1]  for AP

	UE deploy
	10 pairs of UEs per 20MH, uniformly at random in the area

	Max multiple PSFCH number
	[bookmark: _GoBack]3




UE Average Throughput

one-shot PSFCH 	
UE average throughput	1.2174	Multiple PSFCH	
UE average throughput	1.4816	Throughput(Mbps)
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