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1	Introduction
In RAN#94e, a new WID on NR sidelink evolution was agreed [1]. Objective # 2 of the agreed WID aims to study and specify the operation of sidelink on unlicensed spectrum. The details of the objective as agreed are stated below.
	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
· [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 paper, we discuss the physical channel design framework including system aspects, physical channel structures and physical layer procedures. 
[bookmark: _Ref178064866]2		System aspects
2.1	Organization of resources
In NR SL, time and frequency resources are configured to the UE in the form of resource pool configuration. The use of resource pools for SL-U has been agreed in RAN1#109-e to be used. Furthermore, subchannel is defined as part of resource pool configuration and determines the minimum scheduling granularity for PSSCH transmission in the frequency domain. Per WID, existing SL features should be used as a baseline. In the last RAN1#109-e, the following was agreed with respect to the organization of resources in NR SL:
	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.


Therefore, we propose to reuse the definition of subchannels as specified for NR SL to a large extent. However, it is not clear how the subchannels are defined in case of interlaced transmissions. We have provided a mapping between the interlace and the subchannels in Section 3.3.1.
[bookmark: _Toc111213166]RAN1 reuses the NR SL definition of subchannels for the operation of SL in unlicensed spectrum.
However, there are a couple of configuration restrictions that must be assumed for SL-U. 

(1) The size of the resource pool in the frequency domain cannot be smaller than a channel size (e.g., 20 MHz) on an unlicensed band. This is because LBT is performed per channel (e.g., 20 MHz) basis and there is no advantage of configuring a resource pool smaller than a channel size. 
(2) The subchannel size cannot exceed a channel size (e.g., 20 MHz) on an unlicensed band. This is because subchannel size exceeding a channel size will restrict the coexistence of UEs supporting different bandwidths and produce bandwidth fragmentation because LBT is performed per channel. 

[bookmark: _Toc111213167]RAN1 assumes that a resource pool is always configured following these constraints:
· [bookmark: _Toc111213168]The resource pool is not configured with a size smaller than the LBT bandwidth.
· [bookmark: _Toc111213169]The subchannel size cannot exceed the channel size, i.e., 20 MHz
On the other hand, the size of resource pool in frequency domain can exceed a channel size and can be configured to span integer multiple channels in case of wideband mode-2 SL-U operation (see Section 2.2). Similarly, the subchannel size can be smaller than a channel size of unlicensed band. In this case, UE may not use all the resources within the channel (or RBset defined in NR-U). This can be useful to enable resource efficient operation of SL-U and reduce hidden node problems by randomizing the selection of different subchannels in the same slot. Consequently, we propose to support FDM of SL transmissions from system perspective. 
[bookmark: _Toc111213170]SL-U transmissions from different UEs can be FDMed within the same channel of unlicensed band. 
Intra-cell guard bands appear in wideband operation, i.e., operation in a larger band than the minimum channel size of 20MHz, in order to mitigate the adjacent channel leakage and blocking. In order to achieve an easier procedure for resource allocation, we propose that the intra-cell guard bands are always an integer number of RBs within the wideband.
[bookmark: _Toc111213171]The intra-cell guard bands are always an integer number of RBs within the wideband.
The need for guard bands within a carrier is a direct consequence of the fact that channel access procedures are performed per 20 MHz and that other technologies in the unlicensed band likely use a channelization based on units of 20 MHz. This means that another transmission occupying an adjacent 20 MHz channel must be protected from leakage from a 20 MHz sub-band of the wideband SL-U carrier.  In order to use the intra-cell guard bands, we have to perform similar procedures as for transmission in a single resource pool. Therefore, in the case of intra-cell guard bands, i.e., edge subchannels at the end side of the channel, we propose that the subchannels within the intra-cell guard band can only be used for transmission on multiple adjacent RPs if their respective LBTs are successful.
[bookmark: _Toc111213172]The RBs within the intra-cell guard band can only be used for transmission with multiple adjacent subchannels if the LBTs on their respective channels are successful.
Another aspect discussed during the last RAN1#109-e meeting was the organization of the S-SSB slots and whether these slots are included in the resource pool, i.e., similar to PSSCH/PSCCH, or they are excluded from the resource pool. In our view, for SL-U the S-SSB slots (including new occurrence of these slots as shown in Section 4.3) should follow the same principle used in Rel-16/17 and should be excluded from the resource pool.
[bookmark: _Toc111213173]The S-SSB slots as defined in Rel-16/17 and potential new occurrence of these slots defined in Rel-18 are excluded from the resource pool.
2.2	Modes of operation
Besides 20 MHz operation, NR-U also supports wideband operation (> 20 MHz) which is based on either aggregation of multiple carriers (aka. wideband mode 1) or single carrier (aka. wideband mode 2). However, listen-before-talk (LBT) or clear channel access (CCA) is performed for each 20 MHz channel. 
[bookmark: _Toc111213151]CCA (aka. LBT) is performed for each channel (i.e., 20 MHz).
In wideband mode 1, each channel is as an individual carrier and aggregation of multiple carriers is performed following the carrier aggregation (CA) procedures of NR Uu. In our opinion, this is the simplest way of enabling wideband operation in SL-U and should be supported. However, there are two aspects that must be considered:
· The specification of NR SL CA can only begin after further checking the progress of the WI by RAN plenary in RAN#97.
· The objective on SL-CA is restricted to FR1 licensed spectrum and the ITS band in FR1. It is important that RAN WGs specify the SL CA operation first and then check its applicability for the SL-U operation of wideband mode-1. 
Given this, we propose to postpone the work on SL-U wideband mode 1. 

[bookmark: _Toc111213152]Wideband mode 1 (based on CA procedures) is the simplest mode to support wideband (>20 MHz) SL-U operation.
[bookmark: _Toc111213174]RAN WGs postpone the work on SL-U wideband mode 1 until SL CA (objective 1 of WID) is specified. 
For wideband mode 2, it is considered that the carrier has bandwidth greater than the channel (20 MHz) as defined for unlicensed bands (i.e., carrier bandwidth > channel bandwidth). To support this mode of operation for SL-U, at least the following aspects need to be considered:

· Interoperability of SL UEs supporting different bandwidths. In SL-U, it is possible that not all the UEs support wideband operation. Therefore, mechanisms so that different UEs can interpret and decode each other correctly should be considered. This is further discussed in Section 4.2.
· Modifications to resource allocation procedures. As mentioned above, CCA is performed per channel. Therefore, it should be considered while studying and specifying the resource allocation mechanism. This is further discussed in our companion contribution [2].

Based on this, we propose the following:

[bookmark: _Toc111213175]NR SL-U supports wideband mode-2.
· [bookmark: _Toc111213176]RAN1 to study the interoperability of UEs supporting different bandwidths and enhancements to the resource allocation procedures for wideband operation. 
Discussions on these aspects are in the corresponding sections.
3	Physical layer structure
In this section, we describe the physical layer structures for the operation of SL-U.
3.1 	SL slot length
In RAN1#109-e, it was agreed to use slot-based transmission following the procedures defined in Rel-16 and Rel-17 as follows:
	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



For NR operation in unlicensed spectrum, it is desirable to use short slots. This not only allows for reduced transmission latency but also increases the number of transmission opportunities. One way to realize this is by using mini slots. That is, having PHY transmission structures with different durations (i.e., number of symbols). However, having transmissions of different lengths (by different TX UEs) within a slot creates sudden changes in RX power, which results in a need for retuning the AGC. For these reasons, mini-slot operation should not be supported in SL. Based on this, we do not support having additional starting symbols for a slot rather than the first symbol within the slot.
[bookmark: _Toc111213177]Additional starting symbols within a slot are not supported for PSSCH/PSCCH transmissions.
The other way to reduce transmission latency and increase the number of transmission opportunities in SL-U is to configure shorter SL slot lengths. Since this is configured at system level, the starting and ending times of simultaneous SL transmissions are the same, avoiding additional AGC issues. Note that in practice, the only feasible short SL slot length is 7 symbols. A similar effect can be achieved by using a higher subcarrier spacing (SCS) without any extra specification impact. In fact, operation with higher SCS would be more efficient as the fixed overhead (AGC, GP) would be reduced from 2/7 (short SL slot) to 2/14 (increased SCS).

[bookmark: _Toc111213153]For having shorter SL-U transmissions, using higher SCS is preferable over configuring a shorter SL slot length (i.e., 7 OFDM symbols).
Based on this, we propose the following:

[bookmark: _Toc111213178]SL-U only uses a SL slot with 14 OFDM symbols (including AGC, GP, etc., if supported). Higher SCS is used to shorten the SL-U transmissions.
3.2	Multi-slot transmissions
One aspect that has impact in the physical design is the possibility of performing multi-slot transmission. Due to the nature of unlicensed spectrum, i.e., channel access procedure is done before performing a transmission, and therefore, it is desirable to minimize the number of channel access for independent transmissions.
[bookmark: _Toc111213154]In unlicensed spectrum, it is desirable to minimize the number of channel access procedures when performing multiple transmissions.
Reusing the current physical structure, i.e., legacy SCI-1A fields, as much as possible – as indicated per WID instructions – there are two potential mechanisms to be used for multi-slot transmission, i.e., transmission of multiple TBs (different or the same one) in consecutive slots.
· Transmission of the same TB in consecutive slots
· Transmission of different TBs in consecutive slots
[bookmark: _Toc111213179]Study the transmission of multiple or a single TB by one UE in consecutive slots to reduce the number of channel access attempts and its impact into the PHY design.
A more detailed description of both procedure is given in our companion contribution [2] within the aspects related to resource selection for Mode 2. 
3.3	Physical channels
In this section, we describe our view on the impact and enhancements to physical channel design for SL operation in unlicensed spectrum.
In general terms, the structure of the PHY channels introduced in Rel-16 (PSCCH/PSSCH, PSFCH, S-SSB) is also suitable for operation in unlicensed spectrum. However, the impact of the regulations (esp. channel access) must be studied. We discuss several aspects in the following sections.
[bookmark: _Toc111213155]The legacy structure of the PHY channels, i.e., PSSCH/PSCCH and PSFCH, and the S-SSB are suitable as a baseline for SL operation in unlicensed spectrum. 
3.3.1	Interlacing
To maintain the high output power and at the same time comply with local regulations on maximum EIRP, power spectral density, and occupied channel bandwidth, transmission on a block-interlaced structure is supported in NR-U for uplink in addition to the legacy non-interlaced structure. According to our analysis, the performance of SL is also affected due to limitations on power spectral density, especially for transmission on a small bandwidth. Figure 1 below shows the decrease in packet reception ratio (PRR) when applying transmit power limitations in comparison with transmissions with the total transmit power of the UE. In the simulations, we consider a 5 MHz allocation, which will result in 16.99 dBm transmit power for 5GHz operation (n46) and 7.99 dBm transmit power for 6GHz (n96/n102) operation.  
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[bookmark: _Ref101879720]Figure 1: Performance impact due to transmit power limitation on unlicensed bands
[bookmark: _Toc111213156]Power spectral density limitation for unlicensed bands (n46/n96/n102) results in significant decrease in performance. 
Based on this, it is quite clear that interlacing needs to be considered for the operation of SL on unlicensed spectrum, at least for PSCCH/PSSCH transmission. 

[bookmark: _Toc111213180]SL-U supports interlaced transmissions for PSCCH and PSSCH. 
Additionally, the legacy contiguous PRB form defined in Rel-16 and Rel-17 is supported as long as they are configured to comply with local regulations regarding occupied channel bandwidth and maximum power spectral density.

[bookmark: _Toc111213181]SL-U supports contiguous RB-based transmissions for PSCCH and PSSCH. 
During the last meeting, some companies proposed to use both procedures, i.e, contiguos and interlaced RB-based, simultaneously in the same resource pool. However, in our view, the combination of both procedures  within the same resource pool should not be supported since such combination results in a complicated pool configuration without any evident benefit.

[bookmark: _Toc111213182]SL-U does not support a combination of interlace RB-based transmission and contiguous RB-based transmission for PSSCH and PSCCH in the same resource pool.

Moreover, the following agreements were reached in RAN1#109-e:
	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 the previous agreements and the proposals for the PSSCH/PSCCH interlace RB-based transmission, we propose the following design for interlacing in a resource pool with Nsubch subchannels, each of them consisting of NRB,subch adjacent RBs:
· Resource allocation operates on a sub-channel basis, using the corresponding procedures (e.g., from Rel-16). 
· For transmission (in Mode 2) the TX UE selects Ksel sub-channels for transmission.
· If contiguous (i.e., non-interlaced) transmission is configured, the UE transmits using the RBs of the allocated sub-channels.
· If interlaced transmission is configured, the UE applies a mapping from sub-channel RBs to interlace RBs. This is illustrated in Figure 2.
· For reception, the RX applies the reverse mapping (e.g., for decoding, sensing, etc.).
[image: ]
[bookmark: _Ref111207236]Figure 2: One-to-one mapping for the RBs from the different sub-channels.

This simple design has multiple advantages:
· Resource allocation procedures are identical for interlaced and contiguous modes. Moreover, Rel-16 procedures can be largely reused in both cases, as explained in [2].
· Transmissions span the full range of frequencies of the resource pool.
By using the one-to-one mapping, it is possible to occupy as many frequency resources as possible, thereby improving the total transmit power for a given PSD constraint.

[bookmark: _Toc111213183]For PSSCH/PSCCH interlace RB-based, the RBs from the different subchannels are interlaced, e.g., using one-to-one mapping.
For PSFCH, supporting interlaced transmissions is the most straightforward way to satisfy PSD and OCB requirements. However, the need and gains of interlacing PSFCH in terms of performance require careful investigation. Therefore, we propose to study further the need of supporting interlacing for PSFCH. The need for interlacing for S-SSB regarding the OCB and PSD requirements is described in Section 4.3 of this paper.

[bookmark: _Toc111213184]Study further the need of supporting interlacing for PSFCH. 
3.3.2	Impact on AGC
In SL, the first symbol of a transmission is always used as an AGC training symbol. For SL-U, we propose to reuse this structure i.e., first symbol of a PSCCH/PSSCH or a PSFCH is a repetition of the next symbol and is used for training the ACG of the RX UE. 
[bookmark: _Toc111213157]First symbol of a PSCCH/PSSCH or a PSFCH is duplicated and used as an AGC symbol. 
Given the AGC training happens to be in the beginning of reception, it is not desirable to have changing receive signal power during the reception. Therefore, transmissions by all the devices operating on the unlicensed band must be aligned to avoid AGC saturation or quantization noise. In case LBT Type 1 is performed before the transmission (in compliance to unlicensed band regulation), a UE can choose not to decrement the LBT counter (N) to ensure that the transmission can only start at the slot boundary. For LBT Type 2, there is no issue to ensure that a transmission can only start at a designated time.

[bookmark: _Toc111213158]Regulation allows a UE to choose not to decrement the LBT counter N and this can be used to ensure the start of the transmission at the appropriate times. 
[bookmark: _Toc111213185]Within an NR slot, SL-U transmissions can only start at the predefined times from Rel-16 (e.g., start of the slot for PSCCH/PSSCH, first OFDM symbol for PSFCH, etc.). 
3.3.3	Impact on GP 
In SL, a guard period is used to allow TX-RX switching. However, in case of transmission burst spanning multiple slots, the presence of the GP at the end of each slot will require a UE to perform CCA/LBT before each transmission. Therefore, if SL transmission in consecutive slots, e.g., CO is desired the current GP design needs to be modified in order to enable it.
[bookmark: _Toc111213159]The GP design needs to be modified in order to enable SL transmission in consecutive slots.
This issue is discussed in our companion paper [2].
4	 Physical layer procedures
4.1	Transmission of HARQ feedback 
In NR SL, dedicated resources for HARQ FB transmissions are configured in a resource pool. In the slot domain, if HARQ FB is allowed by the configuration, the PSFCH resources can be configured in every Nth slot, where N = 1,2,4. These time resources are often referred to as PSFCH occasions. In the PRB domain, a set of contiguous PRBs in the PSFCH occasions are used for PSFCH (the set can be the all the PRBs of the resource pool).
The Rel-16 approach for configuring PSFCH resources achieves at least two goals: 1) ensuring that all SL-U UEs have a common understanding of HARQ FB resources, therefore simplifying the HARQ FB protocol, and 2) avoiding interference from non-HARQ FB SL transmissions to HARQ FB transmissions, thereby improving HARQ FB reliability. Given those benefits, in our view, there is no need to change the existing way of configuring PSFCH resources in the slot domain. In the PRB domain, due to the potential need of interlacing or other mechanism to meet the OCB requirement, how to configure PSFCH resources can be further studied.
[bookmark: _Toc111213186]Resources for HARQ FB transmissions in SL-U are configured in pre-determined slots as in NR SL Rel-16. FFS configuration in the PRB domain.
While having dedicated PSFCH resources in a resource pool helps minimize interference from other (non-PSFCH) SL transmissions to PSFCH, it cannot prevent non-SL devices from using the resources. As a matter of fact, a SL UE may fail to grab the channel (i.e., LBT failure) to transmit a PSFCH if there is already an ongoing non-SL transmission. In this case, if we reuse the PSFCH procedure in SL Rel-16, the PSFCH that cannot be transmitted due to LBT failure will never be transmitted. This is because in SL Rel-16, there is only one PSFCH occasion associated with each PSCCH/PSSCH transmission. Such situation can be detrimental to SL performance for several reasons:
· At system level, the load may be increased because the lack of HARQ FB is often assumed as a NACK by the UE. This will result in an increase in PRR.
· At UE level, the absence of NACK will trigger an adaptation (i.e., increase of the contention window). This will result in an increase in latency.
Therefore, changes to the PSFCH procedure are needed. In our view, the most efficient way to mitigate the impact of LBT failure on PSFCH transmissions is to allow a more flexible timing relation between a PSSCH and its associated PSFCH. Specifically, each PSSCH may be allowed to be acknowledged by more than one PSFCH occasion. An example is given in Figure 3, where there are up to 3 PSFCH occasions to acknowledge one PSCCH/PSSCH. In this example, the first two PSFCH occasions cannot be used due to LBT failures, only the last occasion is used. Details on how many PSFCH occasions are allowed and how to configure/signal the number of PSFCH occasions are subject to further study. Another benefit of having multiple chances to transmit a PSFCH is that if a HARQ FB cannot be transmitted in one PSFCH occasion (e.g., due to lower priority compared to another HARQ FB), it can be transmitted in a later occasion. Such possibility is not allowed by the legacy Rel-16 design.
[bookmark: _Toc111213160]The Rel-16 SL HARQ FB procedure is vulnerable to LBT failure prior to PSFCH transmissions and may force some SL HARQ FB to be dropped unnecessarily. 
[bookmark: _Toc111213187]For SL-U, there are multiple PSFCH occasions to acknowledge a PSCCH/PSSCH transmission. FFS details of signalling, configuration, UE behaviours, etc.

[image: ]
[bookmark: _Ref101820128]Figure 3: Example of multiple (three) PSFCH occasions associated with one PSCCH/PSSCH. In this example, the Rx UE can only send the HARQ FB in the last PSFCH occasion due to LBT failure in the first two PSFCH occasions.
As presented in our companion paper [2], we envision the use of COT sharing between a PSSCH and its associated PSFCH. Such COT sharing operation is illustrated in Figure 4. 
[bookmark: _Toc111213188]For a pair of Tx UE – Rx UE:
· [bookmark: _Toc111213189]The Tx UE can share a COT (by means of PSCCH/PSSCH transmission) to the Rx UE for HARQ FB transmission to the Tx UE.

[image: ]
[bookmark: _Ref101821099]Figure 4: COT shared from PSCCH/PSSCH to the associated PSFCH. The solid arrows denote resource reservation.
Alternatively, the COT may be shared by the UE transmitting the PSFCH to the UE performing the retransmission. This is illustrated in Figure 5.
[bookmark: _Toc111213161]The UE transmitting a PSFCH can share the COT to speed up channel access for the retransmission. 

[image: ]
[bookmark: _Ref102133430]Figure 5. The UE sending the HARQ FB on PSFCH shares the COT with the UE sending PSSCH to allow for efficient retransmission.
As for the physical format of the HARQ FB channel, we believe the same PSFCH format as in NR SL (i.e., sequence based, derived from NR PUCCH format 0) can be reused. Using two consecutive OFDM symbols in a PSFCH occasion for PSFCH also suffices. As discussed in Section 3.3.1, the only issue that needs to be studied is whether interlacing should be used for PSFCH or any other mechanism to meet the OCB requirement is specified.

[bookmark: _Toc111213190]SL-U reuses the PSFCH format of NR SL. FFS the need of interlacing or any other change to meet OCB requirements. 
4.2	Wideband procedures
Different UEs may support different maximum bandwidth. For example, some high capability UEs can support wideband operation (e.g., 80 MHz) and some UEs can support only single channel operation (e.g., 20 MHz). Existence of different capability UEs may result in interoperability problem due to distributed nature of the SL operation. Therefore, it is important that different capability UEs can coexist in the same resource resources pool without causing any performance degradation. 

[bookmark: _Toc111213162]Different capability UEs must coexist in the same resource pool without causing performance degradation.  
As mentioned in Section 2.1, a resource pool is configured to a UE such that it is within the SL bandwidth part and eventually within the bandwidth supported by the UE. Therefore, a resource pool configured for wideband UE can be larger as compared to the resource pool configured for a narrowband UE. For example, in Figure 6 below, a wideband UE supporting 80 MHz can be configured with a multichannel resource pool, whereas a narrowband UE supporting 20MHz can only be configured with a single channel resource pool. 

[image: ]
[bookmark: _Ref101882112]Figure 6: Multichannel and single channel resource pool
According to Rel. 16 NR SL procedure, many SCI fields (e.g., FDRA field) are determined based on the number of subchannels in the resource pool. Therefore, if different UEs have different resource pool sizes, it will result in increased blind decoding as the SCI sizes used by the UEs will be different. Hence, we propose RAN1 to study mechanisms to cater issues caused due to different resource pool sizes used by different UEs. 

[bookmark: _Toc111213191]RAN1 studies and specifies mechanisms to tackle issues caused by different overlapping resource pool sizes used by different UEs. 
Also, when the transmission of a TB spans multiple channels, there exist a problem that Rx UE may not be able to receive the SCI indicating the occupied resource allocation if it happens to be in the different channel than the one on which the Rx UE is operating. Therefore, it is important that an enhancement to resource indication via SCI is studied and specified.

[bookmark: _Toc111213163]Rel-16 resource indication via SCI has limitation when operating in wideband mode 2 for transmissions spanning multiple channels. 
To address this issue, we propose RAN1 to specify procedures that allow repetition of (partial or complete) SCI in case a transmission spans more than one channel. 

[bookmark: _Toc111213192]RAN1 studies and specifies procedure to support SCI repetition over multiple channels in case a transmission spans more than one channel. 
Furthermore, to enable communication between UEs with different bandwidth capabilities, it is important that the Tx UE receives the radio access capability of the Rx UE (in a unicast pair) and configures the logical channels associated with the Rx UE with a set of channels, whereas the set of channels is determined from the Rx UE capability information. In other words, data transmission from the Tx UE should be confined within the bandwidth (or channels) supported by the Rx UE. Therefore, we believe that such procedure should be specified. In case of groupcast (and broadcast, if considered for SL-U) mode, the use of TX profile framework specified in NR SL Rel. 16 is a relevant framework to resolve the interoperability issue in wideband mode. 

[bookmark: _Toc102049764][bookmark: _Toc102049815][bookmark: _Toc111213164]RAN2 procedures for the logical channel restriction and TX profile framework are needed to address the interoperability issue in wideband operation. 
4.3	Synchronization procedure
In the last RAN1#109-e, the following was agreed regarding the S-SSB structure and the synchronization process in SL-U:
	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



Several options have been discussed in order to meet the different regulation requirements for S-SSB transmission, i.e., OCB and PSD requirements. In our view, the simplest way that fulfills the regulatory requirements is to include interlace for the S-SSB transmissions.

[bookmark: _Toc111213193]In order to meet the OCB and PSD requirements the S-SSB transmissions are interlaced.
One option that was discussed during the previous RAN1 meeting (see Option 2 in the above agreement) is whether S-SSB can be multiplexed with SL transmissions. In legacy, S-SSB was transmitted on dedicated time resources, meaning that S-SSB was not multiplexed in frequency with other transmissions. In our view, there are strong reasons to keep operation this way as indicated in Proposal 6 in Section 2.1:
· During S-SSB slots, UEs are expected to transmit or receive S-SSB. Given that synchronization is essential for proper operation, we expect that UEs will not drop S-SSB reception when there are RX/TX conflicts. Thus, multiplexing of S-SSB with PSCCH/PSSCH is only useful if the TX UE is transmitting S-SSB and the intended RX UEs(s) are receiving S-SSB in the same slot. However, this cannot be guaranteed because the choice of slot for transmitting S-SSB depends on the synchronization procedure.
· Power sharing between S-SSB and PSCCH/PSSCH is not desirable given the importance and characteristics of the former (e.g., no HARQ retransmissions, etc.). 
· S-SSB transmissions spanning a large part of the 20 MHz channel will have to be discussed (e.g., by means of interlacing or repetitions). A common solution is required for all UEs, regardless of whether they have data to transmit PSCCH/PSSCH multiplexed with S-SSB or not.
· The S-SSB transmissions are periodic, i.e., every 160 ms, it is unclear how aperiodic transmission – which are the general type for SL transmissions – can be transmitted together with the S-SSB transmissions without incurring in other issues, e.g., latency increase.
· It is unclear how transmitting the S-SSB together with other SL transmission will improve the power intended for S-SSB in order to fulfill the OCB and PSD requirements for the S-SSB transmission.
Based on all these reasons, we propose not to consider Option 2, i.e., S-SSB is multiplexed with other SL transmissions.

[bookmark: _Toc111213194]From a UE perspective, S-SSB is not multiplexed with other SL transmissions.
The Rel-16 procedure for synchronization has two main components:
1. The definition of a top priority synchronization reference (i.e., GNSS or Network) along with a list of priorities for other synchronization references.
2. SL signaling (i.e., S-SSB) used for propagating synchronization information between UEs.

SL operating in unlicensed bands targets many use cases, most of them in environments without GNSS coverage (e.g., indoor). Thus, it is not reasonable to expect that GNSS is a widely available synchronization reference. Similarly, we do not expect that SL in unlicensed spectrum is always deployed or used in connection with a network. In some cases, SL-U will be operated by a UEs with a network connection, but in many other cases it will not. Thus, it is not reasonable to expect that network is a widely available synchronization reference.

[bookmark: _Toc111213165]In many practical situations, the UEs may not have access to GNSS or network as synchronization references.
Although the existing procedures allow for operation when neither GNSS nor network are available as synchronization references at all, they are not designed for this purpose. Thus, we believe that RAN1 should study potential changes to the SLSS procedure to improve its efficiency in terms of energy and stability. 
[bookmark: _Toc111213195]RAN1 to study enhancements to the SLSS procedure to improve its energy efficiency and stability for operation without access to GNSS/network synchronization references. 
Besides this, RAN1 should consider the impact of operating on unlicensed spectrum on the SLSS procedure. More specifically:
· A transmitter may not gain access to the channel at pre-defined times.
· A receiver may have to relax the assumptions regarding the arrival of S-SSB.
Our view is that some of the tools used for NR-U can be considered for dealing with the channel access issues such as failed LBT outcomes. In particular, the use of discovery bursts (i.e., repetitions of S-SSB within a 160 ms period) and defining a S-SSB transmission window (i.e., a set of slots in which S-SSB may be transmitted), provided channel access is granted. We illustrate these two enhancements in Figure 7.

[image: ]
[bookmark: _Ref101858857]Figure 7. Top: legacy SLSS procedure. Middle: A single S-SSB transmission happens every 160 ms, but in one within a window. Bottom: A UE is expected to transmit S-SSB twice every 160 ms in two consecutive slots within a window.
Regarding channel access, we believe that COT sharing between users, for transmission of S-SSB on slots is useful. That is, UE1 gets access to the channel in slot k and transmits S-SSB as shown in Figure 8. This transmission shares the COT with UE2, so that UE transmits S-SSB in a following slot (e.g., in slot k+1). Other channel access aspects related to S-SSB are discussed in [2].
[image: ]
Figure 8. COT sharing between transmissions of S-SSB. UE1 gets access to the channel and transmits S-SSB in the first slot. The COT is shared with a second UE that transmits S-SSB (to be received by UE1) and returns the COT. A repetition of each transmission takes places in the third and fourth slots.
[bookmark: _Toc111213196]To adapt the SLSS procedure to unlicensed channel access the following options are introduced:
· [bookmark: _Toc111213197]Repetitions of S-SSB within a S-SSB period (160 ms).
· [bookmark: _Toc111213198]S-SSB transmission within a window (i.e., S-SSB window) if LBT is successful.
· [bookmark: _Toc111213199]COT sharing between users for transmission of S-SSB.
4.3.1	Wideband aspects
The unlicensed bands comprise multiple channels. In principle, it is possible to access each of them independently, in an asynchronous manner. However, this is not desirable for a highly synchronized system like NR. Thus, we believe that RAN1 should only consider the case that, from SL-U perspective the different channels are synchronized. This would focus the work in RAN1 and, although it would not prevent having asynchronous SL-U in different channels in theory, it would result in a specification that is designed for synchronous operations.
[bookmark: _Toc111213200]RAN1 assumes that SL-U operates synchronously on all the channels of an unlicensed band.
As discussed earlier, we believe that the SLSS procedure will play a central role in SL-U operation. Thus, it is critical that all UEs are synchronized, regardless of their TX/RX capabilities. This means that synchronization should be available for UEs that are receiving on a single channel as well as on UEs that are receiving on multiple/all channels. There are two possibilities to achieve this: i) restrict S-SSB transmission to a given channel; ii) require a UE to transmit S-SSB on all channels in which it can do so (i.e., based on TX capabilities, LBT outcome, etc.). In our view, having a predefined channel for S-SSB transmission (and potentially many other pieces of signalling) is not desirable as it would result in an asymmetric utilization of the channel. We think that option ii) works better.
[bookmark: _Toc111213201]A UE transmits S-SSB on all channels if its capabilities support it and channel access is granted.
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	CCA (aka. LBT) is performed for each channel (i.e., 20 MHz).
Observation 2	Wideband mode 1 (based on CA procedures) is the simplest mode to support wideband (>20 MHz) SL-U operation.
Observation 3	For having shorter SL-U transmissions, using higher SCS is preferable over configuring a shorter SL slot length (i.e., 7 OFDM symbols).
Observation 4	In unlicensed spectrum, it is desirable to minimize the number of channel access procedures when performing multiple transmissions.
Observation 5	The legacy structure of the PHY channels, i.e., PSSCH/PSCCH and PSFCH, and the S-SSB are suitable as a baseline for SL operation in unlicensed spectrum.
Observation 6	Power spectral density limitation for unlicensed bands (n46/n96/n102) results in significant decrease in performance.
Observation 7	First symbol of a PSCCH/PSSCH or a PSFCH is duplicated and used as an AGC symbol.
Observation 8	Regulation allows a UE to choose not to decrement the LBT counter N and this can be used to ensure the start of the transmission at the appropriate times.
Observation 9	The GP design needs to be modified in order to enable SL transmission in consecutive slots.
Observation 10	The Rel-16 SL HARQ FB procedure is vulnerable to LBT failure prior to PSFCH transmissions and may force some SL HARQ FB to be dropped unnecessarily.
Observation 11	The UE transmitting a PSFCH can share the COT to speed up channel access for the retransmission.
Observation 12	Different capability UEs must coexist in the same resource pool without causing performance degradation.
Observation 13	Rel-16 resource indication via SCI has limitation when operating in wideband mode 2 for transmissions spanning multiple channels.
Observation 14	RAN2 procedures for the logical channel restriction and TX profile framework are needed to address the interoperability issue in wideband operation.
Observation 15	In many practical situations, the UEs may not have access to GNSS or network as synchronization references.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	RAN1 reuses the NR SL definition of subchannels for the operation of SL in unlicensed spectrum.
Proposal 2	RAN1 assumes that a resource pool is always configured following these constraints:
	The resource pool is not configured with a size smaller than the LBT bandwidth.
	The subchannel size cannot exceed the channel size, i.e., 20 MHz
Proposal 3	SL-U transmissions from different UEs can be FDMed within the same channel of unlicensed band.
Proposal 4	The intra-cell guard bands are always an integer number of RBs within the wideband.
Proposal 5	The RBs within the intra-cell guard band can only be used for transmission with multiple adjacent subchannels if the LBTs on their respective channels are successful.
Proposal 6	The S-SSB slots as defined in Rel-16/17 and potential new occurrence of these slots defined in Rel-18 are excluded from the resource pool.
Proposal 7	RAN WGs postpone the work on SL-U wideband mode 1 until SL CA (objective 1 of WID) is specified.
Proposal 8	NR SL-U supports wideband mode-2.
	RAN1 to study the interoperability of UEs supporting different bandwidths and enhancements to the resource allocation procedures for wideband operation.
Proposal 9	Additional starting symbols within a slot are not supported for PSSCH/PSCCH transmissions.
Proposal 10	SL-U only uses a SL slot with 14 OFDM symbols (including AGC, GP, etc., if supported). Higher SCS is used to shorten the SL-U transmissions.
Proposal 11	Study the transmission of multiple or a single TB by one UE in consecutive slots to reduce the number of channel access attempts and its impact into the PHY design.
Proposal 12	SL-U supports interlaced transmissions for PSCCH and PSSCH.
Proposal 13	SL-U supports contiguous RB-based transmissions for PSCCH and PSSCH.
Proposal 14	SL-U does not support a combination of interlace RB-based transmission and contiguous RB-based transmission for PSSCH and PSCCH in the same resource pool.
Proposal 15	For PSSCH/PSCCH interlace RB-based, the RBs from the different subchannels are interlaced, e.g., using one-to-one mapping.
Proposal 16	Study further the need of supporting interlacing for PSFCH.
Proposal 17	Within an NR slot, SL-U transmissions can only start at the predefined times from Rel-16 (e.g., start of the slot for PSCCH/PSSCH, first OFDM symbol for PSFCH, etc.).
Proposal 18	Resources for HARQ FB transmissions in SL-U are configured in pre-determined slots as in NR SL Rel-16. FFS configuration in the PRB domain.
Proposal 19	For SL-U, there are multiple PSFCH occasions to acknowledge a PSCCH/PSSCH transmission. FFS details of signalling, configuration, UE behaviours, etc.
Proposal 20	For a pair of Tx UE – Rx UE:
	The Tx UE can share a COT (by means of PSCCH/PSSCH transmission) to the Rx UE for HARQ FB transmission to the Tx UE.
Proposal 21	SL-U reuses the PSFCH format of NR SL. FFS the need of interlacing or any other change to meet OCB requirements.
Proposal 22	RAN1 studies and specifies mechanisms to tackle issues caused by different overlapping resource pool sizes used by different UEs.
Proposal 23	RAN1 studies and specifies procedure to support SCI repetition over multiple channels in case a transmission spans more than one channel.
Proposal 24	In order to meet the OCB and PSD requirements the S-SSB transmissions are interlaced.
Proposal 25	From a UE perspective, S-SSB is not multiplexed with other SL transmissions.
Proposal 26	RAN1 to study enhancements to the SLSS procedure to improve its energy efficiency and stability for operation without access to GNSS/network synchronization references.
Proposal 27	To adapt the SLSS procedure to unlicensed channel access the following options are introduced:
	Repetitions of S-SSB within a S-SSB period (160 ms).
	S-SSB transmission within a window (i.e., S-SSB window) if LBT is successful.
	COT sharing between users for transmission of S-SSB.
Proposal 28	RAN1 assumes that SL-U operates synchronously on all the channels of an unlicensed band.
Proposal 29	A UE transmits S-SSB on all channels if its capabilities support it and channel access is granted.
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