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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]Operating Scenario
In NR-U, the communication is between one gNB and one UE, and the gNB can completely control the operation bandwidth (i.e., one or multiple RB sets) of the UE for communication. Thus, although different bandwidths are supported between different UEs, the BWP size, positions, DCI contents, are not needed to be aligned among UEs.
However, this is a different story in the SL case, because different UEs supporting different bandwidths should be able to communicate with each other in the same resource pool. Specifically, there are several different scenarios as shown in Figure 1.
Scenario 1 is the communication in fully overlapped RB set(s) between two SL UEs as shown in Figure 1(a). The second scenario (Scenario 2) is the communication in partially overlapped between two SL UEs as shown in Figure 1(b). And the third scenario (Scenario 3) is the communication between a BW-limited UE (i.e., supporting only one RB set) and another advanced UE (WB UE, i.e., supporting more than one RB set) as shown in Figure 1(c). 


[bookmark: _Ref127524865]Figure 1：Scenarios in SL-U
[bookmark: _Ref127524302]Proposal 1: The SL-U design should support SL communication different UEs capable of different operating bandwidths (e.g., supporting different RB sets) in the resource pool. 
In Scenario 2 and Scenario 3, when WB UE indicates a wideband transmission with the SCI transmitted in the lowest RB set of PSSCH as Rel-16, the BW-limited UE cannot receive the transmission if it locates in an RB set other than the RB set where the SCI is sent. It may cause the resource collision problem because the BW-limited UE cannot identify the resources reserved by the SCI in the other RB sets, as shown in Figure 2. To resolve this issue, the UE should transmit SCI in every RB set where the allocated PSSCH spans, and avoid to reserve resources in RB set other than the RB sets of the receiver.
[bookmark: _Ref127524268]Observation 1: When a UE transmits a TB spanning multiple RB sets, if the SCI is sent only in the sub-channel of one RB set (e.g., lowest RB set), the other UEs operating in different RB sets (e.g., due to bandwidth limited) cannot receive the transmission, neither for sensing nor for packet decoding.
[bookmark: _Ref127524306]Proposal 2: When a UE transmits a TB spanning multiple RB sets, the resource indication (e.g., sub-channel indexes, RB set indication, etc.) should be sent in every RB set where the allocated PSSCH spans.
Nevertheless, still there is another issue in Scenario 2 and Scenario 3. When the resource pool of one UE might only contain subset of RB sets of the resource pool of another UE, the sub-channel index within RB set 1 from different UEs’ perspectives would be different. This leads to different sub-channel indexing in two pools, as well as starting sub-channel, FRIV, etc. Consequently, the frequency resource indication would be misaligned between UEs. 
It is worth noting that, this issue not only happens between a pair of UEs performing unicast transmissions, in which case the issue may be somehow mitigated by exchanging the UE capability. It also affects the case of groupcast and broadcast transmissions, and the other UEs performing sensing but not intending to receive the packets, in which cases no UE capability reporting is possible.
[bookmark: _Ref127524276]Observation 2：The frequency resource indication might be misaligned between UEs supporting different BWs. 
For example, a BW-limited UE reserved a blue color resource in Figure 3. The BW-limited UE only supports one RB set bandwidth, so it indicates this resource in SCI with sub-channel index 2 ~ sub-channel index 5 of RB set 0. However, sub-channel index 2 ~ sub-channel index 5 of RB set 0 means the orange color resource to another WB UE performing SL sensing operation. Consequently, the WB UE may exclude the wrong resources, or may select improper resources, due to the incorrect sensing results. 
	

[bookmark: _Ref127260377]Figure 2: Resource collision triggered by SCI mis-detection 
	

[bookmark: _Ref127261798]Figure 3: Resource collision triggered by FRIV mis-understanding


To solve this problem, one alternative is that all the UEs maintain a same RB set indexing, starting RB set and max number of RB sets, i.e., a common ‘virtual’ resource pool, which may be larger than the BWPs or actual resource pools configured for the UEs. This common resource pool is used for indicating SL resources allocated in the actual resource pool. In this case the resource indications, even from different resource pools in different RB sets, can be aligned. This mechanism is somewhat like the common RB grid introduced in NR R15, or common interlace grid introduced in NR-U.
	

[bookmark: _Ref127262679]Figure 4: Common ‘virtual’ resource pool


For example, the UEs can be configured with a resource pool spanning RB set 2 and 3, and a common ‘virtual’ resource pool spanning all the RB sets (0, 1, 2, and 3). Then the UE can be additionally indicated with a starting sub-channel index for the actual resource pool as Figure 4. Hence, the starting sub-channel of BW-limited UE in its supporting bandwidth is not index 0 but the indicated sub-channel index. Thus, the FRIV in Rel-16 can be reused, but based on the common ‘virtual’ resource pool instead of the actual resource pool. Note that, the max number of sub-channels used for deriving the FRIV in SCI, etc., is given by the common ‘virtual’ resource pool.
[bookmark: _Ref127524314]Proposal 3：Both BW-limited UE and WB-UE should align the understanding about the operating bandwidth, RB sets and frequency resource indication in the same operating resource pool.
Resource pool determination
For SL resource pool in unlicensed band, TDD UL/DL configuration is needed to determine the time slots belonging to the resource pool. However, in unlicensed band, due to the uncertainty of the channel availability, TDD configuration with flexible symbols/slots is much flexible, which is desirable for NRU deployment. Thus, configuring all the slot as flexible is the common understanding in NRU. Consequently, there will be very limited UL slots or even no UL slots. In this case, SL UE may have problem on the determination of the time slots for resource pool. To solve this problem, a straightforward way is to mandatorily configure enough UL slots in the TDD UL/DL configuration. However, this will reduce the flexibility of the transmissions in unlicensed band, and consequently degrade the Uu performance. The other alternatives can be allowing SL transmission in flexible slots or assuming all the slots are valid for SL transmission or configuring separate TDD UL/DL configuration for SL transmission. The separate TDD UL/DL configuration can be carried in RRC signaling other than SIB1, and adequate UL slots can be provided for SL transmission. 
[bookmark: _Ref127524316]Proposal 4: The issue of no UL slot is available for deriving SL resources in the unlicensed band due to the deployment of NRU which configures all the slots in the unlicensed band as flexible should be addressed.
[bookmark: _Ref127524321]Proposal 5: Consider the following options in the determination of SL resource when there is no UL slot in the TDD configuration for unlicensed band:
	Ｏption1: The flexible slots can be used to be configured as SL resources.
	Option 2: A separate TDD UL/DL configuration (other than SIB1) is used to derive the SL resources.
	Option 3: All the slots are assumed as UL slot to derive the SL resources, and the SIB1 TDD UL/DL configuration is ignored.

[bookmark: _Ref127448506]SL sub-channel and interlace
Interlace RB-based Sub-channel
In the last meeting [5], the interlaced sub-channel was discussed, and the following agreement was achieved:
	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, RAN1 further study the followings:
· [bookmark: _Hlk126943228]Option 1: 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
· Option 2: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 3: 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
· Option 4: 1 sub-channel is defined within 1 RB set or 2 adjacent RB sets, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 5: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set
· [bookmark: _Hlk127279398]FFS: whether/how to use intra-cell guardband PRBs


[bookmark: _Hlk126940439]In Option 1, 1 sub-channel is confined within 1 RB set and is periodically indexed across different RB sets. Thus, the actually used sub-channel should be identified by the sub-channel index and RB set together. The FRIV can be reused to indicate the allocated sub-channels for each RB set, and the RB set indication can further clarify in which RB sets the same set of sub-channels are allocated. As the mapping of sub-channels and interlaces remains consistent across different RB sets, the intra-cell guard band PRBs can be utilized in conjunction with the allocated PRBs in the same interlaces when the guard band is available. As shown in Figure 5, if the UE allocates subchannel 3 in both RB set 0 and RB set 1, PRB of the guard band located in interlace 3 can be used. This implies the usage of guard band PRBs is indicated implicitly by the frequency resource assignment indication. 
	

[bookmark: _Ref127537883]Figure 5: The mapping between interlace and sub-channel in Option 1
	

[bookmark: _Ref127537902]Figure 6: The mapping between interlace and sub-channel in Option 2


[bookmark: OLE_LINK7]The sub-channel in Option 2 is indexed as shown in Figure 6, which is similar as Rel-16. Thus, the resource allocation and frequency resource indication mechanism in Rel-16 can be largely reused. Nevertheless, compared to Option 1, the use of guard band PRBs is not only difficult to be inferred implicitly, but also hard to be indicated explicitly. This is because the subchannel index in the adjacent RB sets of guard band is different, thus it’s difficult to link the guard band PRBs to subchannels respectively. And if the guard band PRBs are utilized, the TBS determination may be affected. Furthermore, this would also result in inefficient resource allocation. Because contiguous frequency resource indication means that any UE who wants to use multiple RB sets should use all the guard band PRBs, thus yielding a high resource allocation blocking rate in these guard band PRBs. Consequently, it means that only one UE can reserve resources across two RB sets at one time (e.g., using the sub-channel 4 and 5 in  Figure 6, blocking all the other UEs to use these two sub-channels), while for option 1, multiple UEs can allocate resources spanning more than one RB sets. Moreover, given that the mapping of sub-channel and interlace is different in different RB sets, the PAPR would become higher due to the uneven interleaved FFT.
On the other hand, in Option 3, 1 sub-channel is defined across all RB sets within the resource pool. Therefore, the mapping of sub-channel and interlace keep the same in different RB sets, thus the PAPR problem does not exist. The used sub-channel in Option 3 should be identified by the sub-channel index. Compared to Option 1 and Option 2, the guard band PRBs in Option 3 belong to multiple sub-channels. Thus, whether the guard band PRBs are used for transmission can be determined from FRIV. The key problem for Option 3 lies in the resource allocation mechanism. As every sub-channel spans all RB sets, Option 3 requires that all RB sets always be allocated for each TB, because sub-channel is the basic resource allocation unit. Obviously, it’s problematic – too restrictive for SL transmission, inefficient spectrum utilization, and longer transmission latency due to the probably lower LBT success ratio.
Regarding Option 4 with sub-channel defining within 2 adjacent RB sets and Option 5, the problem brought by the usage of guard band still exists as Option 2. Moreover, the allocated resources in these two options across at least 2 RB sets or even more as Option 3. This would also lead to a greater chance of LBT failure. 
By contrast, Option 1 is much flexible from resource allocation perspective, and the utilization of intra-cell guard band PRBs is more reasonable. 
[bookmark: _Ref127524325]Proposal 6: Regarding mapping between sub-channel and PRBs for interlace RB-based PSCCH/PSSCH transmission, Option 1 is preferred.
[bookmark: _Ref127395608]Contiguous RB-based Sub-channel
	RAN1#111 [5]
Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, further study the following options:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: whether/how to use sub-channel(s) which include intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size
· Option 2 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set according to the sub-channel size
· FFS: whether/how to use intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of one RB set cannot be divided by sub-channel size
· Option 3 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set and/or guardband PRB according to the sub-channel size
· FFS: how to use intra-cell guardband PRBs
· FFS: how to use the subchannel including PRBs in guardband


Besides the mapping rule of sub-channel and interlace, how to map sub-channel to contiguous PRBs with the introduction of RB set and guard band was discussed in the previous meeting. 
Option 1 uses the same mapping rule as legacy NR SL; thus, no spec change is needed except for the usage of the sub-channels which include intra-cell guard band PRBs. As the guard band PRBs can be used only when the two adjacent RB sets are utilized for transmission, these sub-channels should also follow this rule. In addition, when the number of PRBs of the resource pool cannot be divided by the sub-channel size, the remaining PRBs are not expected to use as legacy.
In Option 2, sub-channel no longer aligns with resource pool boundary, instead, it aligns with the RB set boundary. Thus, there would be some remaining PRBs (orphan PRBs), which are not enough to form a sub-channel, in every RB set. If the orphan PRBs cannot be used as legacy, the available resources will be significantly reduced. If the orphan PRBs are always attached to a specific sub-channel, it would bring issues to the TBS determination, or alternatively, would reduce the achievable peak date rate. Moreover, the PRBs of guard band do not belong to any sub-channel in resource pool, then how to indicate these PRBs when they are used for transmission is unclear. 
The option 3 is something in the middle of the above two options, where the sub-channel is designed to allow containing some PRBs of the adjacent guard band, to make up for a possible shortfall of PRBs in the last sub-channel of an RB set. However, this requires more works than the above Options. For example, the work of whether the sub-channels containing PRBs of guard band should obey the usage of guard band as Option 1, and how to indicate the guard band PRBs outside of any sub-channel if they are used for transmission, etc. should still be addressed. On the other hand, similar issues as option 1 and 2 remain, e.g., the number of PRBs may still not be enough to make up a subchannel even with the guard band PRBs, and the impact of Option 3 on TBS determination remains unclear as Option 2.
[bookmark: _Ref127524332]Proposal 7: Regarding mapping between sub-channel and PRBs for contiguous RB-based PSCCH/PSSCH transmission, adopt Option 1 (same as legacy NR SL) as the baseline.
TBS determination of unequal sub-channel size
The subchannel size plays an important role in determining the number of allocated PRBs which is used to calculate the TBS. However, if the subchannel size is variable due to the intra-cell guard band, it may be problematic for UE to determine the TBS based on the number of actual PRBs. In our view, this issue may not occur in some cases. For example, for contiguous RB-based transmission, as discussed in section 2.2.2, the subchannel size is equal regardless of the existence of inter-cell guard band in option 1. Even for interlace RB-based transmission, the subchannel size can also be regarded as equal. Since the PRBs of interlace are approximately evenly distributed across one or more RB sets, the slight difference between the number of PRBs of allocated subchannels and the number of actual PRBs may not have great impact on TBS determination, thanks to the quantization step of TBD determination. In addition, the TBS is not necessary to be determined exactly based on the actual PRBs, for example, the overhead of reference signal such as DMRS and CSI-RS are determined by configuration. Thus, it is possible to define equal size sub-channel with rate-matching/puncturing, instead of introducing the unequal sub-channel size.
Since the mapping between the subchannel and interlace/PRB have not been decided yet, it is too soon to discuss the impact of frequency domain resource assignment on TBS determination.
[bookmark: _Ref127551751]Proposal 8 The impact of frequency domain resource assignment on TBS determination should be discussed after the mapping between the subchannel and interlace/PRB is determined.

PSCCH on unlicensed spectrum
The additional starting symbols within a slot has been discussed with the following agreement.
	RAN1#109 [3]
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
RAN1#110bis [4]
Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH
Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details
RAN1#111 [5]
Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0



It has been agreed that PSCCH is transmitted within 1 sub-channel. The number of PRBs for PSCCH can be {10, 12, 15, 20, 25}. Considering the number of PRBs in each interlace will be 10 or 11 for 20MHz bandwidth, the number of PRBs for PSCCH in an RB set in SLU can be 10 or 20 PRBs depending on the number of interlaces configured to a sub-channel.
[bookmark: _Ref115450246]Proposal 9: The number of PRBs for PSCCH in an RB set can be 10 or 20 for interlaced transmission depending on the number of interlaces configured to a sub-channel.
One remaining issue is when the transmitted TB spans multiple RB sets, whether the PSCCH is transmitted in one of the RB set or in every RB set that the TB is spanning. As discussed in section 2.1, it is important to configure PSCCH in each RB set and transmit PSCCH in all the RB sets of the corresponding PSSCH, in order to support UEs with different operating bandwidths (e.g., supporting different number of RB sets) to co-locate in the same resource pool.  Thus, the option 2 from the agreement should be supported. In each RB set, the SCI in the PSCCH can indicate either the allocated PSSCH within the RB set, or across all the RB sets. 
[bookmark: _Ref115450251]Proposal 10: PSCCH locates in every RB set of corresponding PSSCH. The SCI in the PSCCH can indicate either the allocated PSSCH within the RB set, or across all the RB sets.
 
For slots with two candidate starting symbols for a PSCCH transmission, 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, some mechanism to reduce the blind detection complexity of PSCCH for UE should be supported. 
One potential way is to introduce preamble detection before the PSCCH detection. If the UE detects the preamble, it can continue performing PSCCH detection, otherwise, it can skip the PSCCH detection. The AGC symbol, or second half of the symbol, can be used to transmit preamble. The preamble can be m-sequence, Gold-sequence, etc. Obviously, this approach requires to design a new physical layer signal. Moreover, the decoding complexity should be significantly lower than decoding SCI, otherwise, the reduced decoding burden for SCI would be consumed by the preamble detection.
Alternatively, the PSCCH detection procedure can be enhanced. For example, the decoding number of PSCCH can be reduced in mini-slot is configured, e.g., only a subset of the PSCCH/sub-channel should be blindly decoded. The subset can be pre-configured based on different granularity, e.g., per-resource pool, per-RB set, etc. The UE can only decode PSCCH on the configured sub-set or RB sets, etc., and ignore other candidate PSCCHs.
[bookmark: _Ref118737504]Proposal 11: The PSCCH detection complexity should be reduced when more than one starting symbol is configured, for example, by introducing preamble detection for actual transmitted PSCCH, or enhancing the PSCCH detection procedure by decoding only a subset of PSCCH candidates.
PSSCH on unlicensed spectrum
The additional starting symbols within a slot has been discussed with the following agreement.
	RAN1#109 [3]
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
RAN1#110bis [4]
Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH
Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details
RAN1#111 [5]
Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length, down-select one of the followings:
· Option 1: The reference symbol length is dynamically indicated by Tx UE
· Option 2: The reference symbol length is determined based on 1st starting symbol
· Option 3: The reference symbol length is determined based on 2nd starting symbol
· Option 4: The reference symbol length is (pre-)configured 
Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0
Agreement
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot



Two candidate starting symbols for PSCCH/PSSCH have been agreed, but the exact locations of the symbols are still under discussion. In our view, both options in the agreement can be considered depending on the applied scenarios. If coexistence with NRU is not considered, to simply the transmission procedure, the location of the 1st starting symbol should be fixed at symbol #0, and the location of the 2nd starting symbol should also be fixed, e.g., at symbol #7. Both starting symbols can be used for AGC transmission (discussed later). When SLU coexists with NRU, to avoid simultaneous transmission of NRU DL and SL, it is preferred that the starting symbols of the NRU and SL transmission within the slot are different. One potential solution is to configured the starting symbol of the SL transmission to be later than that of NRU transmission by gNB. Therefore, the 1st starting symbol can be indicated by sl-StartSymbol as in R16 NR SL, and the 2nd starting symbol can be (pre-)configured location per resource pool, while the slot for deriving the SL resources can be indicated by network as discussed in section 2.1.1.
[bookmark: _Ref127524358]Proposal 12: If SLU coexists with NRU, the locations of the 1st and 2nd starting symbol for PSCCH/PSSCH can be configured by gNB, otherwise, the locations of the 1st and 2nd starting symbol are fixed at symbol #0 and symbol#7.
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, If PSCCH/PSSCH transmission starts from 1st starting symbol, it is preferred that the PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions. Since if the second AGC symbol is always transmitted, it will lead to an additional overhead of 1/12 for the PSSCH transmission in the slot without PSFCH, or an additional overhead of 1/9 for the PSSCH transmission in the slot with PSFCH. One example of the condition is that, when Tx UE reserves all the sub-channels of the resource pool in a slot, there is very low probability that another UE will occupy the second half of the slot for transmission due to the channel reservation information and the LBT procedure. Therefore, the Tx UE can transmit AGC only in the first starting symbol, and the second AGC symbol can be used to transmit PSSCH. When the Tx UE reserves a sub-set of the sub-channels of the resource pool in a slot, there is relatively high probability that another UE may occupy the other sub-channels in the second half of the slot for mini-slot based transmission. Therefore, the Tx UE should transmit AGC in both of the first and second starting symbols. For Rx UE, it can also determine the AGC detection based on the Tx UE’s channel reservation information.
[bookmark: _Ref127524364]Proposal 13: If PSCCH/PSSCH transmission starts from 1st starting symbol, the PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, e.g., the 2nd AGC symbol is absent if all the sub-channels are allocated by the UE. 
Another issue is that, when there are 2 AGC symbols in a slot, how does the UE (e.g., transmitting slot based PSSCH) map the RE on the 2nd AGC symbol. The UE should perform rate matching or puncture around the second AGC symbol. If AGC symbol conflicts with DMRS, the UE can transmit DMRS in the symbol after AGC symbol to maintain the channel estimation performance, or choose another DMRS pattern if possible (probably smaller number of DMRS symbols) that is not conflict with the AGC symbol if the performance degradation is acceptable. When the second AGC symbol overlaps with PSSCH, it should be excluded from the PSSCH reference resources when determining the TBS.
[bookmark: _Ref118737511]Proposal 14: When there are two AGC symbols in a slot, the UE should perform rate-matching or puncturing around the second AGC symbol for the slot-based PSSCH transmission.
[bookmark: _Ref118737516]Proposal 15: When there are two AGC symbols in a slot, the UE should shift the DMRS symbol overlapped with the second AGC symbol for the slot-based PSSCH transmission.
[bookmark: _Ref118737525]Proposal 16: When there are two AGC symbols in a slot, the UE should exclude the second AGC symbol for determining the TBS of the slot-based PSSCH transmission.
Moreover, it has agreed to introduce the reference symbol length for TBS determination, while how to determine the reference symbol length is still FFS. The straightforward solutions can be that the reference symbol length is determined based on the 1st or 2nd starting symbol. The former one will result in a higher code rate for the transmission which starts from the 2nd starting symbol, leading to a worse decoding performance. On the other hand, the later one will have a lower spectrum inefficiency as the peak date rate is always limited for the transmission starting from 1st starting symbol. 
Therefore, a trade-off is needed between the two alternatives. In one case, the reference symbol length can be dynamically indicated by the Tx UE. However, since the channel sensing result is uncertain before the transmission, and the Tx UE needs to prepare the TB in advance (i.e., before performing the channel sensing), the UE cannot determine the TBS according to the actual starting positions (as a result of channel access), thus it cannot alleviate the above problems. Consequently, the reference symbol length can be (pre-)configured, which can trade-off between the peak data rate and robustness.
[bookmark: _Ref127524371]Proposal 17 The reference symbol length can be (pre-)configured to determine the TBS for slots with 2 candidate starting positions.

PSFCH on unlicensed spectrum
In RAN1#111 meeting [5], the design of the PSFCH transmission to meet OCB and PSD, the location of the PSFCH resources, etc., have not been decided yet.
	Agreement
Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, RAN1 continues studying the following updated alternatives:
· Alt 1-1a: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· FFS: value of K3
· Alt 2-1a: each PSFCH transmission occupies 1 interlace, and further apply frequency-domain OCC
· FFS: details of FD-OCC, e.g., OCC length, RB-level, RE-level, etc.
· Alt 2-2a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE transmits dedicated cyclic shift on K1 dedicated PRB(s) within this interlace, and transmits common cyclic shift on other PRBs of this interlace
· FFS: value of K1
· Alt 2-3a: each PSFCH transmission occupies 1 interlace
· Alt 2-4a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE uses different cyclic shifts on different PRBs in the interlace
· Alt 3-1a: each PSFCH transmission occupies 1 dedicated PRB and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· The above dedicated PRB and common PRBs are within 1 interlace
· FFS: value of K2
· Alt 3-2a: each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
· FFS: the impact of PSD limit, e.g., whether/how to handle the case when common PRB and dedicated PRB locate within the same 1 MHz bandwidth
· FFS: whether IBE issue exists and whether/how to address it 
· Note: in the above descriptions
· The dedicated PRB/cyclic shift conveys ACK/NACK information
· Note: as previously agreed: to meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS.
Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· [bookmark: _Hlk119602860]Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity

Agreement
Regarding PSFCH transmission under 60 kHz SCS, further study the following alternatives:
· Alt 1: Each PSFCH transmission occupies K dedicated PRB(s) and some common PRBs
· FFS details
· Alt 2: Each PSFCH transmission occupies some dedicated PRBs
· FFS details



· Enhancements for LBT failure
In order to address PSFCH transmission dropping due to LBT failure, two options are proposed. Alt 1 introduces multiple PSFCH transmission occasions as shown in Figure 7. 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: ]
[bookmark: _Ref118469273]Figure 7 Multiple PSFCH occasions
Alt 2 supports dynamic indicating the PSFCH transmission, which can be used in COT sharing case. The problem is that this solution cannot be used for PSFCH out of the COT. For example, Alt 2 still cannot address the case when the Rx UE fails to transmit the PSFCH within the COT, e.g., due to type-2 LBT failure, or PSFCH prioritization in Rx UE.
The system level simulations are performed to evaluated the performance, with the results shown in Figure 8. In the simulations, type1 LBT is required for each PSFCH transmission. For the ‘single PSFCH occasion’ case, the Rel-16 PSFCH occasion 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, the Tx UE simply drop the PSFCH, and the Rx UE handles the missing PSFCH in the same way as Rel-16, i.e., treated as NACK due to DTX. While in the ‘multiple PSFCH occasions’ case (i.e., Alt 1), 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 8 System performance for PSFCH transmission
[bookmark: _Ref101701946]Proposal 18: Multiple candidate PSFCH occasions is supported for PSFCH transmission.
[bookmark: _Ref101970726]Proposal 19: PSFCH resources can be dynamically indicated for the COT sharing case.
· Capacity enhancements for PSFCH
Another remaining issue is whether additional capacity enhancement for PSFCH (e.g., OCC, PRB-level cyclic shifts) is needed. Such kind of enhancement is to increase the PSFCH capacity assuming that introducing the interlace for PSFCH may reduce the PSFCH capability. For example, if one interlace occupies at least 10 PRBs and different UEs use different interlaces, the PSFCH resource capacity may be reduced by 10 times compared with Rel-16. However, since each PSSCH transmission requires to perform LBT, the actual number of required PSFCHs at each occasion may not be a problem. 
The system level simulations based on the agreed simulation assumptions are performed to evaluated this problem. The number of actual PSFCH transmissions in each PSFCH occasion for the “single PSFCH occasion” case and the “multiple PSFCH occasions” case in unicast and groupcast option2 are shown in Figure 9 and Figure 10. The simulation result shows that the number of PSFCHs in a PSFCH occasion in unicast is less than 4 at 95th percentile, and less than 12 in groupcast option2. The difference between “single PSFCH occasion” case and “multiple PSFCH occasions” case is negligible. Overall the maximum number of total PSFCHs in a PSFCH occasion is 24 (occurred in groupcast). Noted that if one PSFCH occupy one interlace and 6 pair of cyclic shifts are used, there are totally 60 candidate PSFCH resources in one PSFCH occasion. Therefore, the results show that there is no PSFCH capability issue when interlace-based PSFCH transmission is applied no matter in unicast or groupcast option2.
	[image: ]
[bookmark: _Ref127446933][bookmark: _Ref127444659]Figure 9 Total number of PSFCHs in a PSFCH occasion for unicast
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[bookmark: _Ref127446937][bookmark: _Ref127444661]Figure 10 Total number of PSFCHs in a PSFCH occasion for groupcast option2


	 	
[bookmark: _Ref118749609][bookmark: _Ref118746885]Observation 3: According to the simulation results, there is no PSFCH capability issue when interlace-based PSFCH transmission is applied no matter in unicast or groupcast option2.
[bookmark: _Ref118749043]Proposal 20: Further capacity enhancement for interlace based PSFCH is not needed.
· PSFCH transmission in multiple RB sets
In the case of PSFCH transmission in multiple RB sets, there are several issues to be resolved. Firstly, it should be determined whether the PSFCH resource is located in one RB set or in multiple RB set. As discussed in section 2.1, the communication between different UEs capable of different operating bandwidths in the resource pool should be supported. If the PSFCH resource is configured within a single RB set, according to the existing PSCCH/PSFCH mapping rule, a PSFCH resource in one RB set may be associated with a PSSCH in another RB set, as shown in Figure 11. This is unacceptable for BW-limited UE since it cannot receive its PSFCH in other RB set. 
Another way is to configure the PSFCH resource set in a common RB set where BW-limited UE can receive, as shown in Figure 11. But this design cannot maximize the utilization of Wideband RB set(s), and may also lead to PSFCH capacity issue. Moreover, the common RB set would become congestion, because all the SL UE (especially for BW-limited UE) should transmit in the RB set. 
A better approach is to configure the PSFCH resource set in each RB set, then a PSFCH resource is associated with a PSSCH in the same RB set. BW-limited UE can receive the PSFCH in the corresponding PSCCH RB set, as shown in Figure 11. Moreover, it can provide more PSFCH opportunities to PSSCH in frequency domain, e.g., if there is a PSSCH spanning three RB sets, there are three candidate PSFCH resources can be used to feedback the PSSCH reception. It can also resolve the PSFCH collision issue for the case when the sub-channel is indexed within each RB set as discussed in 2.2, i.e., the sub-channel index cannot uniquely identify the actual used sub-channel of PSSCH. Given that PSFCH is configured in each RB set, the Rel-16 mapping rule can still be used within each RB set.


[bookmark: _Ref118749196][bookmark: _Ref118314469]Figure 11 PSFCH mapping rule
[bookmark: _Ref118746944]Proposal 21: PSFCH resource set should be configured in each RB set in the resource pool in SL-U.
S-SSB on unlicensed spectrum
	RAN1#111 [5]
Agreement
For S-SSB transmission, down-select one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
· FFS: whether transient period issue exists and whether/how to address it
Agreement
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number

Agreement
Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, RAN1 further study the followings:
· Alt 1: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s)
· Alt 2: UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 3: UE can attempt to transmit on all or some of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 4: upon LBT failure on a (candidate) S-SSB occasion, a UE attempts to transmit on the subsequent additional candidate S-SSB occasion if within a period S-SSB transmission has not been transmitted in any prior occasions
· FFS details


· Regarding the options to meet OCB and PSD
The interlacing structure not only increases the complexity of PSBCH decoding but also increases the difficulty in frequency offset compensation and time tracking based on S-PSS/S-SSS. Worse still, the S-SSS/S-PSS sequences consist of 127 subcarriers. If they are transmitted on interlace with 10 RB, 9 or 10 subcarriers of S-SSS/S-PSS sequences will be truncated, which further deteriorates the performance.


Figure 12 S-SSS/S-PSS truncation
Alternatively, S-PSS/S-SSS can be mapped on multiple interlaces to avoid truncation, but this would lead to irregular sequence mapping, which would also deteriorate the performance of synchronization sequence detection. Thus option1-1 is not preferred.
Option 1-2 and option A propose to transmit S-SSB with the OCB temporary exemption. However, it is noted that in the case of 15 kHz SCS, the bandwidth of S-PSS/S-SSS is less than 2 MHz, and therefore additional enhancements are required, e.g., repeating part of the S-PSS/S-SSS sequence across at least 134 subcarriers, which still requires changes on the S-SSB structure. Secondly, whether OCB temporary exemption meets the regulation is out of RAN1 scope.
Option 3-1 is more straightforward as it provides a uniform S-SSB design for all cases (e.g. different access methods, SCS), and does not require any change to S-SSB structure compared with option 3-2/3-3. The below table below summarizes the gap between two S-SSB repetitions required to meet OCB when two S-SSBs are configured in FDM manner in an LBT channel.
[image: ]
Figure 13 option 3-1
Table 1. Gap between S-SSB repetitions in an LBT channel
	SCS
	S-SSB BW 11 RB
	Single LBT channel(20MHz)
	80% of LBT channel
	Gap between two S-SSB repetition 

	15kHz
	1.98MHz
	106 RB
	88.8 RB
	e.g. 67~84 RB

	30kHz
	3.96MHz
	51 RB
	44.4 RB
	e.g. 23~29 RB

	60kHz if supported
	7.92MHz
	24 RB
	22.2 RB
	e.g. 1~2 RB


[bookmark: _Ref111194839]Proposal 22: Option 3-1 is supported to meet the regulation.

· Additional candidate S-SSB occasions in the time domain
S-SSB candidate occasions in R16/R17 can be equally distributed, and each S-SSB candidate occasion can be considered as a S-SSB burst. Once the LBT launched for an S-SSB burst fails, it has to wait until the next S-SSB burst. Even if LBT to an S-SSB candidate succeeds, a new LBT should be launched for the next S-SSB candidate occasion due to the gap between the bursts, which also increases the latency and complexity of the sync procedure. To improve the number of access opportunities and reduce the impact of the gap, more S-SSB bursts are needed. For example, each set of the additional S-SSB candidate occasions corresponding to R16/17 S-SSB candidate occasions can be formatted as a S-SSB burst. Additionally, the additional S-SSB candidate occasions can be consecutive or non-consecutive, as illustrated in Figure 14.
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number
Option1 reuses the legacy signaling but is less flexible compared with option2/option3 while option2 and option3 can achieve S-SSB pattern in Figure 14.
If option2 is used, the interval between Rel-16/17 NR SL candidate S-SSB occasion in slot n and the additional candidate S-SSB occasion can be expressed in the unit of physical slot, for example, the interval is m physical slots, then physical slot n+m is the slot where the additional candidate S-SSB occasion is located.
If option3 is used, the additional candidate S-SSB occasion can be configured using similar signaling as Rel-16/17 S-SSB. For example, with the following parameters, the additional candidate S-SSB occasions either occupy a set of consecutive slots or are equally spaced over a period of 160 ms.
[image: ]
[bookmark: _Ref127553421][bookmark: _Ref118314688]Figure 14 S-SSB bursts
AdditionalSL-SSB-TimeAllocation-r18 ::=          SEQUENCE {
    Additionalsl-NumSSB-WithinPeriod-r16             ENUMERATED {n1, n2, n4, n8, n16, n32, n64}                          OPTIONAL,    -- Need R
    Additionalsl-TimeOffsetSSB-r18                   INTEGER (0..1279)                                                   OPTIONAL,    -- Need R
    Additionalsl-TimeInterval-r18                    INTEGER (0..639)                                                    OPTIONAL     -- Need R
[bookmark: _Ref127545848][bookmark: _Ref118314691]}
In Rel-16/17, S-SSB candidate occasions are excluded from resource pools, but if all the additional S-SSB candidate occasions are also excluded from resource pools, the number of candidate resources available for SL communication would decrease dramatically and communication will be interrupted frequently, leading to low spectrum efficiency as well as lower channel access success rate. Therefore, to improve resource utilization, it should be allowed to configure the additional S-SSB candidate occasions within a resource pool. 
Regarding the time domain resources of the resource pool, since there is neither certainty of channel access nor DL/UL configuration on the unlicensed band, one assumption is that all slots in the unlicensed band, except for Rel-16/17 S-SSB candidate occasions, can be used for SL PSSCH/PSCCH and thus should belong to a resource pool. With this assumption, the additional S-SSB candidate occasions determined based on option 2 must be within a resource pool. 
Another assumption is that there are still time slots on the unlicensed band that cannot be used for SL. In this case, the Rel-16 resource pool determination procedure can be reused. After excluding the Rel-16 S-SSB resources and unavailable resources indicated by TDD configuration (if present), the time slots of the resource pool are determined according to the resource pool configuration bitmap. Some of the additional S-SSB candidate occasions derived based on option 2/3 may be inside a resource pool while some may be outside the resource pool.


[bookmark: _GoBack]Figure 15 Additional S-SSB candidate occasions when all slots can be used for SL 


Figure 16 Additional S-SSB candidate occasions when there are slots that cannot be used for SL.
For the additional S-SSB candidate occasions in a resource pool, if the UE failed to transmit on any of the corresponding R16/17 S-SSB candidate occasions, UE should attempt to use the additional candidate S-SSB occasion for S-SSB transmission. If UE has transmitted S-SSB on at least one R16/17 candidate S-SSB occasion, the additional S-SSB candidate occasion can be used for PSCCH/PSSCH to improve throughput. In contrast, if the additional S-SSB candidate occasions are outside resource pools, UE should always try to transmit S-SSB on the additional occasions as these occasions cannot be used for other SL channels.
[bookmark: _Ref115450292]Proposal 23: Regarding the number and location(s) of additional candidate S-SSB occasions, Option2/3 are supported.
Proposal 24: For additional candidate S-SSB occasions within a resource pool, the additional candidate S-SSB occasion in a pool can be used for other SL channels (e.g., PSSCH/PSCCH) if the corresponding R16/17 S-SSB candidate occasions are used for S-SSB transmission.
[bookmark: _Ref118737560]Proposal 25: UE attempts to transmit S-SSB on additional candidate S-SSB occasion(s) within a resource pool only when it failed to transmit on all of the corresponding R16/R17 candidate S-SSB occasion(s) corresponding to the additional candidate S-SSB occasion(s).
UE may successfully access the channel in the middle of a S-SSB candidate occasion. 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. 
Further, S-SSB should carry COT-related information, such as the COT starting point and duration, for COT sharing.
[bookmark: _Ref111194872][bookmark: _Ref115450298]Proposal 26: 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.
Proposal 27: If UE is allowed to share the COT initialized by S-SSB, the S-SSB should include COT information.

Power control on 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 [2], 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 may 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, noted that the PSD limitation is per region based). 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 especially 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 28: 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 the PSD limit, e.g., 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 17, 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][bookmark: _Ref118314674]Figure 17 Frequency domain distribution of PSFCH
[bookmark: _Ref111145270]Proposal 29: 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 observations and proposals:
Observation 1: When a UE transmits a TB spanning multiple RB sets, if the SCI is sent only in the sub-channel of one RB set (e.g., lowest RB set), the other UEs operating in different RB sets (e.g., due to bandwidth limited) cannot receive the transmission, neither for sensing nor for packet decoding.
Observation 2：The frequency resource indication might be misaligned between UEs supporting different BWs.
Observation 3: According to the simulation results, there is no PSFCH capability issue when interlace-based PSFCH transmission is applied no matter in unicast or groupcast option2.
Proposal 1: The SL-U design should support SL communication different UEs capable of different operating bandwidths (e.g., supporting different RB sets) in the resource pool.
Proposal 2: When a UE transmits a TB spanning multiple RB sets, the resource indication (e.g., sub-channel indexes, RB set indication, etc.) should be sent in every RB set where the allocated PSSCH spans.
Proposal 3：Both BW-limited UE and WB-UE should align the understanding about the operating bandwidth, RB sets and frequency resource indication in the same operating resource pool.
Proposal 4: The issue of no UL slot is available for deriving SL resources in the unlicensed band due to the deployment of NRU which configures all the slots in the unlicensed band as flexible should be addressed.
Proposal 5: Consider the following options in the determination of SL resource when there is no UL slot in the TDD configuration for unlicensed band:
Ｏption1: The flexible slots can be used to be configured as SL resources.
	Option 2: A separate TDD UL/DL configuration (other than SIB1) is used to derive the SL resources.
	Option 3: All the slots are assumed as UL slot to derive the SL resources, and the SIB1 TDD UL/DL configuration is ignored.
Proposal 6: Regarding mapping between sub-channel and PRBs for interlace RB-based PSCCH/PSSCH transmission, Option 1 is preferred.
Proposal 7: Regarding mapping between sub-channel and PRBs for contiguous RB-based PSCCH/PSSCH transmission, adopt Option 1 (same as legacy NR SL) as the baseline.
Proposal 8 The impact of frequency domain resource assignment on TBS determination should be discussed after the mapping between the subchannel and interlace/PRB is determined.
Proposal 9: The number of PRBs for PSCCH in an RB set can be 10 or 20 for interlaced transmission depending on the number of interlaces configured to a sub-channel.
Proposal 10: PSCCH locates in every RB set of corresponding PSSCH. The SCI in the PSCCH can indicate either the allocated PSSCH within the RB set, or across all the RB sets.
Proposal 11: The PSCCH detection complexity should be reduced when more than one starting symbol is configured, for example, by introducing preamble detection for actual transmitted PSCCH, or enhancing the PSCCH detection procedure by decoding only a subset of PSCCH candidates.
Proposal 12: If SLU coexists with NRU, the locations of the 1st and 2nd starting symbol for PSCCH/PSSCH can be configured by gNB, otherwise, the locations of the 1st and 2nd starting symbol are fixed at symbol #0 and symbol#7.
Proposal 13: If PSCCH/PSSCH transmission starts from 1st starting symbol, the PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, e.g., the 2nd AGC symbol is absent if all the sub-channels are allocated by the UE.
Proposal 14: When there are two AGC symbols in a slot, the UE should perform rate-matching or puncturing around the second AGC symbol for the slot-based PSSCH transmission.
Proposal 15: When there are two AGC symbols in a slot, the UE should shift the DMRS symbol overlapped with the second AGC symbol for the slot-based PSSCH transmission.
Proposal 16: When there are two AGC symbols in a slot, the UE should exclude the second AGC symbol for determining the TBS of the slot-based PSSCH transmission.
Proposal 17 The reference symbol length can be (pre-)configured to determine the TBS for slots with 2 candidate starting positions. 
Proposal 18: Multiple candidate PSFCH occasions is supported for PSFCH transmission.
Proposal 19: PSFCH resources can be dynamically indicated for the COT sharing case.
Proposal 20: Further capacity enhancement for interlace based PSFCH is not needed.
Proposal 21: PSFCH resource set should be configured in each RB set in the resource pool in SL-U.
Proposal 22: Option 3-1 is supported to meet the regulation.
Proposal 23: Regarding the number and location(s) of additional candidate S-SSB occasions, Option2/3 are supported.
Proposal 24: For additional candidate S-SSB occasions within a resource pool, the additional candidate S-SSB occasion in a pool can be used for other SL channels (e.g., PSSCH/PSCCH) if the corresponding R16/17 S-SSB candidate occasions are used for S-SSB transmission.
Proposal 25: UE attempts to transmit S-SSB on additional candidate S-SSB occasion(s) within a resource pool only when it failed to transmit on all of the corresponding R16/R17 candidate S-SSB occasion(s) corresponding to the additional candidate S-SSB occasion(s).
Proposal 26: 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.
Proposal 27: If UE is allowed to share the COT initialized by S-SSB, the S-SSB should include COT information. 
Proposal 28: SL-U power control should take into account the PSD limit, especially for some SL channel such as PSFCH or S-SSB.
Proposal 29: 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 2 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 1 2 1  1 1 1]  for SL-UE
[M N P Mg Ng Mp Np]=[1 2 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
	3

	CAPC
	2




UE Average Throughput

single PSFCH occasion	
1.4816	multiple PSFCH occasions	
1.2174	
Throughput(Mbps)
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