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1 [bookmark: _Ref127091647][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One objective of Rel-18 NR sidelink evolution WI is to study and specify sidelink on unlicensed spectrum for both mode 1 and mode 2, and RAN1 #99 further updated the WID as following [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
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
According to the WID, channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation. In order to make the RAN1’s discussion more efficient, the design of NR-U should be reused as much as possible and focus on the SL-U specific issues.
In this contribution, we further discuss the potential designs on CP extension (CPE) usage, Channel Occupation Time (COT) sharing, multi-consecutive slots transmission (MCSt), Type 1 LBT blocking issue, relationship between resource selection and LBT,  contention window (CW) adjustment, COT lost issue, and SL-U channel access procedures. 
2 [bookmark: _Ref126312891][bookmark: _Ref129681832]Discussion on CPE usage
2.1 [bookmark: _Ref127091630]The usage of CPE length
In RAN1#112 [7], the following agreement on SL-U CPE usage is reached.
	Agreement
· A CPE can be transmitted from a CPE starting position before SL transmission for the following two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: 
· within the symbol just before the next AGC symbol for 15 kHz SCS
· within at most 2 symbols just before the next AGC symbol for 30 or 60 kHz SCS
· FFS applicable scenario(s), condition(s) and channel type(s) to apply Option 1 or Option 2


Based on the agreement above, the difference between Option 1 and Option 2 is whether the length of CPE can exceed the duration of one symbol, and in SL-U, the usage of CPE can be divided into two scenarios, the case of initiating one COT and COT sharing.
For initiating one COT, the gap before the transmission can exceed one symbol, and multiple CPE starting positions can distribute within 2 consecutive symbols. For example, as shown in Figure 1(a), there are 7 starting positions for 30kHz SCS, which is same as NR-U design, given as follow.
	(below is copied from TS 38.211)
…
-	for a PUSCH transmission using configured grant

	where   is given by Table 5.3.1-2 with the index  given by the procedure in [6, TS 38.214].
…
Table 5.3.1-2: The variable  for cyclic prefix extension with configured grants.
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And for initiating one COT, different UEs need to perform Type 1 channel access procedure separately and the different CPE starting positions can be used to avoid transmission collision. On the other hand, the earlier CPE start position could help UE access the channel earlier and be beneficial to acquire a channel occupancy. Thus, in SL-U, Option 2 should be used in case of initiating a COT. 
For the case of COT sharing, no matter the resource shared for PSFCH or PSSCH transmission, there is only one gap symbol before the AGC symbol for Tx/Rx switching. When the shared UE performs Type 2 channel access procedure, CPE can be used to fill the gap after the finish of Type 2 channel access procedure for avoiding COT interruptions, considering that the duration of Type 2 are  and , thus, there are only two starting positions correspondingly, shown as Figure 1 (b), and Option 1 should be used in the case of COT sharing, the corresponding channel access mode is Type2 channel access procedure.
[bookmark: _Ref131757698][bookmark: _Ref127210419]Proposal 1:  Option 1 and Option 2 should be used for CPE transmission in different conditions:
· Support Option 1 in case of COT sharing where Type 2 channel access is performed.
· Support Option2 in case of initiating a COT.
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(a) Option 2: CPE starting positions are distributed within two symbols
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(b) Option 1: CPE starting positions are distributed within one symbol
[bookmark: _Ref131577816]Figure 1 Multiple CPE starting positions distribution 
2.2 CPE used for PSCCH/PSSCH
In RAN1#111 [6], the following agreement on SL-U CPE usage of PSSCH/PSCCH is reached.
	Agreement
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details


According to the agreement given above, multiple CPE starting positions are supported for PSSCH/PSCCH, but whether to define a default position and how to select one position from (pre-)configured multiple positions are not decided yet. CPE is used for different cases and may correspond to different designs. Detailed analysis is given as follows.
2.2.1 [bookmark: _Ref126075968]CPE used for initiating one COT
2.2.1.1 UE uses full RB set
For the case UE selects resources for initial transmission, different UEs may select the same resources, the transmission collision would occur, and the issue exists in both NR-U and SL-U. In NR-U, for DG, all resources used by UEs are scheduled by gNB, and there is no collision, but for CG, if a UE performs uplink transmission in contiguous OFDM symbols on all RBs of an RB set, the solution is to randomly select a channel access point to avoid transmission collision.
However, if the design in NR-U is reused in SL-U directly, i.e. randomly select a CPE starting position, high-priority traffic may be blocked by low-priority traffic. For example, as shown in Figure 2, assume UE1’s priority is 1 and UE2’s priority is 3. When LBT counters of them fall back to 0 in slot n, and UE2 randomly selects a CPE starting point earlier than that of UE1, UE1 with high priority transmission is blocked by UE2 with low priority. 
  [image: ] 
[bookmark: _Ref113528672][bookmark: _Hlk131577010]Figure 2 Example of high priority transmission blocked by low priority in the same channel if reusing NR-U design of CPE
[bookmark: _Ref115342766]Observation 1: The transmission of low priority PSSCH may block that of high priority PSSCH if NR-U design on CPE of CG-PUSSH is reused without further enhancements.
One way to solve the issue is the CPE can be associated with priority, the transmission with higher priority uses longer CPE length and access the channel earlier. Thus, the higher priority transmission is protected. However, either channel access priority class (CAPC) or L1 priority is used should be discussed. 
For L1 priority, there are 7 access points can be used, same as NR-U, which can map to 8 different L1 priorities, which is finer compared to CAPC, and the CPE starting position used by higher priority is earlier than the priority of lower priority with the same CAPC value, i.e., the smaller the priority value, the longer the CPE length, such that CPE of high priority transmission can be transmitted early and avoid being blocked by transmission with low priority. For example, as shown in Figure 3, UE1 transmission with priority = 1 and UE2 with 3, and UE1 transmits a longer CPE in advance to avoid being blocked. 
   [image: ]
[bookmark: _Ref113528683]Figure 3 CPEs are transmitted at different timing instance by different UEs based on priority
For CAPC, only 4 priority levels are defined comparing with 8 levels specified for L1 priority. If CAPC is used, more transmissions could select same CPE length and result in collision. It becomes worse when the same CPE length is taken for different L1 priorities which possibly corresponds to the same CAPC value. The mapping between CAPC and PQI has been agreed in RAN2 as a working assumption, given as follow, and the mapping between PQI and L1 priority has been specified in TS23.287 and TS 23.304. 
	[Confirm working assumption#1]
· Mapping PQI 90/91/92/93/21/22/23/55/56/57/58 to CAPC priority class 1.
· Mapping PQI 59/61 to CAPC priority class 3.
· Mapping PQI 25 to CAPC priority class 2.
· Mapping PQI 24/26/60 to CAPC priority class 1.
· Working assumption#1 is confirmed as agreed. 


An example is provided in Table 1, 5 L1 priorities corresponds to the same CAPC level. If use CAPC to determine the CPE starting position, the different transmissions with priority=2,3,4,5,6 will use the same CPE starting position, where transmission collision will occur and the transmission with higher priority cannot be protected appropriately.
[bookmark: _Ref131708972][bookmark: _Ref131580001]Table 1: Different L1 priorities mapping to the same CAPC level
	CAPC
	L1 priority
	PQI

	1
	2
	91

	
	3
	90

	
	4
	22

	
	5
	92

	
	6
	93


The performance of proposed design with FTP traffic is evaluated, with detailed simulation assumptions provided in Appendix 2. We simulate the CPE length is determined based on CAPC and L1 priority. Considering the mapping relationship in Table 1, two types of FTP3 traffic are introduced, for the traffic with higher priority, set CAPC = 1 and priority is 3, and for FTP3 with lower priority, set same CAPC = 1 and priority = 6. For the CPE length determined by CAPC, the CPE length maps to   for CAPC = 1. For CPE length determined by L1 priority, the priority of 3 and 6 can map to CPE length of  and , where  is the duration of 2 symbols defined in 30kHz SCS. The simulation result in terms of UPT of FTP3 with higher priority is shown in Figure 4.
    [image: ]
[bookmark: _Ref131758834]Figure 4 UPT for CPE transmitted at different access points based on CAPC and L1 priority 
It can be seen that the performance of selecting CPE starting position based on CAPC has a 56% drop comparing with that of selecting CPE starting position based on L1 priority. The main reason is that the traffic with different priorities but with same CAPC always have transmission collision for CPE determined by CAPC, but for the case CPE determined by L1 priority, the traffic with higher priority can always obtain the COT in advance and avoid being blocked, ensuring that the transmitted data packets are received successfully.
[bookmark: _Ref131757559]Observation 2: Comparing to determine CPE based on CAPC, determining CPE length based on L1 priority (i.e., the smaller the priority value, the longer the CPE length) can effectively avoid transmission conflict and has large performance gain in terms of UPT.
2.2.1.2 UE uses partial RB set
In addition to collision issue, there is also the blocking issue when different UEs want to use the FDMed resource, both NR-U and SL-U exist, but in NR-U, for CG-PUSSH transmission, if a UE performs uplink transmission on partial RBs of an RB set, the length of CPE can be determined based on higher layer configuration. The gNB can ensure that multiple UEs can access the channel simultaneously on the same RB set using different RBs (including different interlaces), i.e., FDM of multiple UEs. However, in SL-U, especially for resource reservation scenario, there may be inter-UE blocking issue if different UEs transmit different length of CPEs when they reserve FDMed resources within a channel. For example, as shown in Figure 5, UE1 and UE2 reserve resources within a channel on slot n+1 but with different RBs or interlaces,  and if UE1 uses longer CPE length than UE2, UE1 will block UE2, and UE2 cannot use the reserved resources.
[image: ]
[bookmark: _Ref113528842]Figure 5 Inter-UE blocking issue if PSSCH transmission from different UEs are FDMed and different CPE length are used
For this issue, one possible way is to configure the same CPE length, and different FDMed UEs transmit on partial RB set using the configured CPE length, but there is still one issue that the configured length may be longer or shorter, which will result in the transmission of higher priority is blocked by the lower priority transmission. For example, as shown in Figure 6, UE1 and UE2 with priorities are 1 and 2, has reserved the resource in slot n+1, and use same configured length of CPE, but there is UE3 wants to use the whole 20MHz (i.e. full RB set) in slot n+1, and decide the CPE based on its prioirty, which may be longer than the configured CPE length, result in the blocking issue. 
[image: ]
[bookmark: _Ref117871788]Figure 6  Inter-UE blocking issue when configure the same CPE
For above blocking issue, one effective way to solve the problem is the UE can determine CPE length based on the reservation. If there are other UE reservation, and UE wants to use partial RB set resource, the UE can use the longest CPE based on the highest priority among other reservation priority in the same slot, so that lengths of CPEs in the same slot are equivalent. In this way, the blocking issue can be avoided, and the transmission with higher priority can be protected as well, which obeys the design principle of NR sidelink. If there is no reservations are detected, the UE only has its own priority, and can decide the CPE length based on its own priority, same as the design of full RB set.
For example, as shown in Figure 7, the UE2 sense that UE1 have reserved resource in the slot n+1, and the transmission priority is 1. And UE1 and UE2 determine that the highest priority in the slot n+1 is 1, which is used to determine the length of the CPE, UE 3 will determine the CPE length based on its priority because it wants to use the full RB set. Thus, CPE length used by UE 1 and UE 2 is longer than the length used by UE 3, UE 1 and UE 2 can start to transmit the CPE at the same time and transmissions with higher priorities are protected.
[image: ]
[bookmark: _Ref109897164][bookmark: _Ref109758940]Figure 7 Determine the same CPE length based on the sensing result to avoid Inter-UE blocking issue
Thus, for CPE used for initiating one COT and used for PSCCH/PSSCH transmission, our proposed design given as follow, 
[bookmark: _Ref131757701]Proposal 2: When use one of multiple CPE starting positions to initiate a COT for PSCCH/PSSCH transmission:
· If existing reservation is detected, for partial RB set allocation, the CPE starting position is determined based on the highest priority among the reservations.
· If no existing reservation is detected, for full/partial RB set allocation, the CPE starting position depends on priority of its own transmissions.
2.2.2 [bookmark: _Ref127102330]CPE used in a shared COT
For COT sharing, in SL-U, there is always a symbol gap at that end of the slot in the COT initiating UE’s transmission, used for the shared UE performing Type 2 channel access procedure and transmit CPE. And the CPE is used for occupying the channel in advance, in avoid to the UE from other system access the COT and block Type 2 channel access procedure of shared UE.
Considering there are multiple Type 2 channel access procedures and corresponding to different CPE lengths, if different UEs being shared use different CPE lengths, an inter-UE blocking issue will occur. To solve the issue, one possible way is the CPE length can be pre-configured in resource pool, such that multiple UEs sharing FDMed resource on the same slot within the initiating UE’s COT can be indicated with same CPE length.
[bookmark: _Ref131757703]Proposal 3: When CPE is used for PSCCH/PSSCH within a shared COT, one CPE starting position can be pre-configured per resource pool.
2.3 CPE used for PSFCH/S-SSB
In RAN1#111 [6], the following agreement of PSFCH and S-SSB on SL-U CPE is reached, and some FFS need to be discussed.
	Agreement
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate


For the PSFCH transmission, it can be divided into two cases to be discussed, i.e., PSFCH initiating a COT and PSFCH transmission within one shared COT. For initiating PSFCH transmission, different UEs would access same RB set simultaneously, and the same CPE length is needed, and can be (pre)configured or pre-defined. And for the PSFCH transmitted within shared COT, the shared UE need to transmit CPE to avoid being blocked by other system transmission. However, if different UEs use different CPE lengths, the same blocking inter-UE blocking issue as PSSCH transmitted within shared COT will occur, one possible way is CPE or channel access type can be (pre)configured per resource pool.
For the case of S-SSB, if is transmitted outside one resource pool, one CPE starting position can be (pre-)configured directly, but for additional S-SSB, whether it is configured inside or outside the resource pool have not been agreed, if it is configured in resource pool, the resource used for S-SSB can also be used to transmit PSSCH, and there may be some other issue. Therefore, how to determine the CPE starting position for additional S-SSB can be further discussed after there is a clear conclusion for it inside or outside a COT in SL-U PHY design agenda.
[bookmark: _Ref131757705]Proposal 4: A single CPE starting position is used for PSFCH and legacy S-SSB,
· For PSFCH, the CPE starting position can be (pre-)configured.
· For legacy S-SSB, the CPE starting position can be (pre-)configured.
2.4 CPE used for gap symbol
In SL-U, gap symbol is introduced at the end of slot, to allow enough time for Tx-Rx switching or used for COT shared UE to perform Type 2 channel access procedure. But for multi-consecutive slots transmission, the RX UE may possibly receive continuous transmission from TX UE and gap symbols within consecutive transmissions may not be needed. As shown in Figure 8, compared with legacy method, if UE1 transmits in both slot n and slot n+1, no Tx-Rx switching is needed between these two slots. One possible way is to transmit CPE to fill the gap symbol, but considering that UE is transmitting data within consecutive slots, another more efficient way is the gap symbol in slot n can be used for PSSCH transmission to improve resource utilization. 
[image: ]
[bookmark: _Ref131710104]Figure 8 Consecutive transmission with gap symbols removal
However, inter-UE blocking issue may occur if the gap symbol is ignored without considering other UEs transmission in same RB set, i.e. different UE uses different interlace RB to achieve FDM. Therefore, applicable scenarios for gap symbol removal in multi-consecutive slots transmission should be further studied. 
[bookmark: _Ref131757706]Proposal 5: When multi-consecutive slots transmission is performed by one single UE, the gap symbol between two adjacent slots can be used for PSSCH transmission,
· FFS details, e.g., applicable scenarios, etc.
3 COT sharing designs
3.1 [bookmark: _Ref131585349][bookmark: _Ref111024144]COT sharing for PSSCH/PSCCH
COT sharing is an effective way to improve effectiveness of transmission. To support COT sharing, the COT initiating UE can share the COT based on the reservation information from other UEs, where other UE’s resource reservation information can be obtained within sensing window and utilized to schedule resources within a COT. Similarly, as in legacy Rel-16 resource allocation procedure, in order to improve system-level QoS, COT sharing should also consider the priority of transmission, i.e. high priority transmission is protected and prioritized. 
For example as shown in Figure 9, assuming priorities of each UE are ,  and , when UE1 does not have additional resources for COT sharing, UE1 can still choose to share its COT with UE2 for UE2’s transmission with high priority. This is particularly beneficial if transmission of UE2 is with low latency requirement and high priority, COT sharing guarantees its transmission to be taken placed on resources it intends for transmission. On the other hand, UE1 may not share with UE3 because priority of UE3’s transmission is low, and UE1 can transmit its own PSSCH.
[image: ]
[bookmark: _Ref131271693]Figure 9 COT sharing based on reservation and priority
As shown in Figure 10, performance of proposed solution (both allowing consecutive slot selection within one COT and COT sharing) is evaluated, where we assume that for Mode 3 periodic traffic model with different priority, one of both priority = 3 and CAPC = 1; another priority = 6 and CAPC = 1, with dropping model and traffic model provided in Appendix 2. With the assumptions of  for Wi-Fi FTP, UPT is increased by 33.2% with the limitation of only the reservation with higher priority can be shared compared to COT sharing without limited priority. For the traffic with higher priority, it can be transmitted as soon as possible if its reserved resource can be shared by destination UE.
 [image: ]
[bookmark: _Ref131271790]Figure 10 UPT for COT sharing and multi-slot consecutive transmissions
[bookmark: _Ref131757571]Observation 3: Reservation based COT sharing with higher priority can increase UPT significantly compared to baseline. 
[bookmark: _Ref131757707]Proposal 6: The COT can be shared based on resource reservation and the priority of reservation.
· 	The COT initiating UE shall share resources to other UE of which transmission priority is higher than that of its own transmission and CAPC is smaller or equal to its own transmission.
In addition, since MCOT length is limited, it’s possible that the selected multi-consecutive slots locate in more than one COT. Then, it’s possible that the UE cannot access channel continuously, and more detail more detail can refer to the Appendix 1 Section 1.1.
[bookmark: _Ref131757711]Proposal 7: RAN1 needs to study how to enable multi-consecutive slots transmission when such slots are in more than one COT due to MCOT limitation.
3.2 COT sharing for PSFCH
As per regulation, only the responding UE receiving the grant from the COT initiating UE can use a shared resource for its transmission, thus for the case PSFCH transmitted within shared COT, only the resource indicated by COT initiating UE, the shared UE can use the resource for PSFCH transmission. However, there should be no limitation that at least one responding UE’s PSFCH transmissions should be intended for the COT initiating UE. Based on the regulation, any UE can share the COT once a grant is received from COT initiating UE.
For example, as shown in Figure 11, UE 1 transmits data to UE3 in slot n and the corresponding PSFCH for UE 3 located in slot n+4, then UE 2 initiates one COT in the same RB set starting from slot n+3 and transmits data to UE3. And UE2 determines the PSFCH for UE3 is located within its COT, then UE 2 can share the PSFCH in slot n+4 to UE3, where a grant can be carried by COT sharing information. UE 3 can use the PSFCH after receiving the grant from UE2.
 [image: ]
[bookmark: _Ref131276275]Figure 11  The responding UE indicated by COT sharing information can use PSFCH 
[bookmark: _Ref131757712]Proposal 8: Only the responding UE indicated by COT sharing information can use the shared PSFCH occasion within the COT, regardless whether the PSFCH transmission is intending for COT initiating UE or not.
3.3 [bookmark: _Ref130561367]Discussion on COT sharing indication
Detail of additional ID
In RAN1#112[7], the following agreement on how to determine the responding UE and responding UE’s PSSCH/PSCCH transmission are made:
	Agreement
· A responding UE over a shared COT can be:
· a receiving UE, which is the target of a PSCCH/PSSCH transmission of a COT initiator
· In the case of unicast from the COT initiator, within the same COT when the source and destination IDs contained in the COT initiator’s SCI match to the corresponding destination and source IDs relating to the same unicast at the receiving UE
· In the case of groupcast and broadcast, when the destination ID contained in the COT initiator’s SCI match to a destination ID known at the receiving UE
· a UE identified by ID(s), if additional IDs are supported in the COT sharing information (in addition to the source and destination IDs of the PSCCH/PSSCH transmission), when additional IDs are included in the COT sharing information from the COT initiator
· FFS Limitations on what additional IDs may be included and how they may be indicated
Agreement
A responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to a shared COT is intended for the COT initiating UE when,
· In the case of unicast from the responding UE, when the source and destination IDs contained in the responding UE’s PSCCH/PSSCH match to the destination and source IDs from a COT initiator’s unicast transmission that included COT sharing information, or match to the additional ID(s) included in the COT sharing information (if supported) 
· In the case of groupcast or broadcast from the responding UE, when the destination ID contained in the responding UE’s PSCCH/PSSCH matches to the destination ID from a COT initiator’s groupcast or broadcast transmission that included COT sharing information, or matches to the additional ID(s) included in the COT sharing information (if supported) FFS: all other details and additional restrictions


Based on the agreement given above, the responding UE can be determined by destination ID and additional ID(s) if supported, and COT initiating UE should at least be the receiver of responding UE transmission within the shared COT. In addition, for a CAPC value 3 or 4, a duration of one COT can up to 6ms or 10ms, the COT initiating UE can shares the COT to multiple unicast UEs to improve the system efficiency and reduce the latency, and thus more than one additional IDs are necessary to be indicated in COT sharing information.
For unicast, COT initiating UE can maintain multiple unicast links with multiple UEs at the same time, and COT initiating UE would not transmit data to all these multiple UEs within a COT, if only the data receiving UE within the COT can be shared, which is inefficient. And if the shared UE is not the data receiving UE within the COT, the additional ID is necessary. 
For the case COT sharing is designed based on mode 2 reservation (time-frequency resource and priority), the source IDs and destination IDs of the reservations on the shared resource are known for COT initiating UE and shared UE, COT initiating UE can determine whether to share the resource to a responding UE based on reservation, and the source ID of COT initiating UE is not needed to be indicated in COT sharing information. And as per regulation, a grant is necessary to indicate the responding UE, thus one additional ID is needed to indicate the source ID of responding UE. For example as shown in Figure 12, UE1 initiates one COT and transmit data to UE2 in slot n, and UE3 reserves the resource in slot n+3, the source ID and destination ID of reserved resource is known for UE1, and COT indication can indicate the source ID of UE3. For groupcast, it is same as unicast scenario, one additional ID is necessary which indicate the source ID of responding UE.

  [image: ]
[bookmark: _Ref130924895]Figure 12  Additional ID used in unicast scenario
In addition, for the case that there is no reservation within the COT, the responding UE has to know the unique ID information from COT initiating UE to identify whether it can share the COT. For unicast, considering that responding UE may have multiple unicast links with COT initiating UE with different destination IDs, and the source IDs may be different for each link. Thus, only one additional ID including source ID of responding UE is not enough, another ID may be needed to indicate the source of the COT initiating UE for unicast. For groupcast, the COT initiating UE can also maintain multiple groups, and transmit data in one group but share the COT to the UE belonging to another group. Thus, additional IDs should include destination IDs to indicate which group will share the COT. However, multiple UEs in the group may use the same resource after receiving the COT sharing information and will cause transmission collisions. The situation is more serious than Rel-16/17 resource selection, since COT sharing will engage UEs to (re-)select the resources within the shared slot and more easily lead to the resource collision. Thus, it is beneficial to indicate dedicated UEs to share the COT from the group to avoid the collision. To indicate one single UE within the group, source ID can be used as well. The source ID is also contained in SCI for groupcast or even in broadcast, and is notified to each its receiver. Therefore, a group of additional IDs should include destination ID and source ID. 
[bookmark: _Ref131757723]Proposal 9: Additional ID should be carried in COT sharing information, and more than one additional ID should be supported.
· For unicast, additional ID includes at least source ID of responding UE,  
· For groupcast or broadcast, additional ID includes at least the source ID indicating a UE in the group or a UE for broadcast transmission.
Detail of COT sharing indication
As per regulation, a grant, i.e. COT sharing indication is required for the initiating UE to share a COT, and only the UE acquiring the COT sharing information can share the COT. Therefore, to indicate the COT sharing, besides additional ID and priority threshold, the contents of COT sharing indication need to be designed, including:
CAPC level
It has been agreed in RAN1#110 that only responding UE who has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information can use the shared COT for its transmission. Thus, conveying CAPC level is necessary. 
COT duration 
For an initiating UE with sufficient resources, it can share resources to other UEs, the COT length is necessary to be included in the indication to inform other UEs the actual COT length, ensuring that other UEs cannot use resources exceed maximum COT length (MCOT) as per regulation or the maximum COT length scheduled by initiating UE. In addition, there is the filed “COT duration indicator 1”carried in DCI format 2_0 in NR-U, thus COT duration rather than remaining COT duration should be carried in SCI. 
Channel access type
For the case the initiating UE will share FDMed resources in the same slot to different UEs, channel access type needs to be indicated to different UEs to access the channel together.
Time-frequency location of shared resource 
For an initiating UE that shares resources to the UE reserved the resources within the COT and satisfies the sharing condition, the initiating UE should inform the UE location of shared resources, both explicit and implicit indications can be considered.
[bookmark: _Ref131757725][bookmark: _Ref127210429][bookmark: _Ref110415085]Proposal 10: COT indication includes the following contents: CAPC level, COT duration, Channel access type, and time-frequency location of shared resource. 
In addition, it is important for COT sharing indication to be able to decode in time, which directly determines how many resources can be shared. If the indication cannot be decoded in time and the resource are shared within the COT, the COT may be lost because the shared resources are not used, as shown in Figure 13. So, it is necessary to discuss whether COT indication should be carried in SCI or MAC CE.
[image: ]
[bookmark: _Ref109759178][bookmark: _Ref109758001]Figure 13 Example of COT loss because the shared resources are not used
For example, when the SCS is 30KHz, processing delay of 1st SCI is almost 1 slot, processing delay of 2nd SCI is almost 2 slots and decoding time of MAC CE is almost 7 slots. Considering that the maximum COT duration would be 6ms (12 slots) for CAPC =3 and CAPC = 4, if the MAC CE is used to carry COT indication, the shared UE can decode the indication in time only when the last 5 slots is shared. Otherwise, the COT may be lost, and no resources can be shard when the SCS is 60KHz. Therefore, the COT indication should be conveyed in SCI. It can be further decided whether it is to be conveyed in a first stage or second stage SCI. 
[bookmark: _Ref131757577]Observation 4: The processing delay of MAC CE is too large for a UE to efficiently use resources in a shared sidelink COT given that a COT is limited by its MCOT which only contains a few milliseconds.
[bookmark: _Ref131757726]Proposal 11: The COT indication should be conveyed in SCI (e.g., 1st and/or 2nd stage SCI).
4 Discussion on MCSt
In RAN1#110bis-e [5], how to support multi-consecutive slots transmission for mode 2 is discussed and the following agreement on multi-consecutive slots transmission is made:
	Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation



4.1 Detailed analysis of MCSt
Clarification on set of parameters for option 1/2
Two options are listed to determine the set of parameters in L1. However, as per spec in TS38.214 and TS38.321 of Rel-16, which is given as follow, L1 resource selection procedure is triggered for a single TB with corresponding one set of parameters, i.e., , remaining PDB,  and , etc. Then, L1 reports candidate single-slot resource set in  to MAC layer. For multiple TBs, the procedure is triggered multiple times for all the TBs with corresponding sets of parameters, and then obtaining multiple . For example, in order to select resources for 3 TBs (TB1, TB2 and TB3) in Rel-16, 3 sets of parameters are required for each TB, i.e., ,  and . After performing the procedure 3 times, candidate single-slot resource sets  are obtained and reported to MAC layer.
[bookmark: _Ref131757585]Observation 5: In Rel-16 resource selection procedure, multiple sets of parameters are independently provided for L1 to determine the corresponding candidate resources sets for multiple TBs respectively.
	(below is copied from TS 38.214)
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
In resource allocation mode 2, the higher layer can request the UE to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission. To trigger this procedure, in slot n, the higher layer provides the following parameters for this PSSCH/PSCCH transmission:
-	the resource pool from which the resources are to be reported;
-	L1 priority, ;
-	the remaining packet delay budget;
-	the number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, ;
-	optionally, the resource reservation interval, , in units of msec. 
…
(below is copied from TS 38.321)
5.22.1.1	SL Grant reception and SCI transmission
…
1>	if the MAC entity has selected to create a selected sidelink grant corresponding to transmission(s) of a single MAC PDU, and if SL data is available in a logical channel, or an SL-CSI reporting is triggered, or a Sidelink DRX Command indication is triggered or a Sidelink Inter-UE Coordination Information reporting is triggered, or a Sidelink Inter-UE Coordination Request is triggered:
…


As discussed above, option 1 and option 2 captured in RAN1 #110bis-e agreement are not clear enough that which option is the same as Rel-16. Option 1 is different from Rel-16 resource selection procedure in L1, since one set of parameters cannot be used for resource selection procedure for multiple TBs in L1 as illustrated above. For example, one set of parameters  cannot be used for TB1, TB2 and TB3, since parameters of different TBs can be different. For option 2, multiple sets of parameters are not supported to be used in a single resource selection procedure for a single or multiple TBs, i.e., resource selection for TB1, TB2 and TB3 with  ,  and  cannot be performed in a single L1 procedure as per spec. Therefore, in order to reflect Rel-16 L1 procedure accurately, modification is required for either option 1 or option 2.
[bookmark: _Ref131757589]Observation 6: Option 1 and option 2 agreed in RAN1 #110bis-e agreement are not exactly the same as Rel-16 per TB-based resource selection procedure in L1, where multiple sets of parameters is provided for the resource selection procedure in L1 for the corresponding TBs, and the procedure is independently performed multiple times with multiple sets of parameters for multiple TBs.
[bookmark: _Ref131757727]Proposal 12: Either of modified option 1 or option 2 as following is supported to reuse Rel-16 L1 procedure:
· Modified option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1 for each TB
· Modified option 2: One or mMultiple sets of parameters (, remaining PDB,  and ) are independently provided for the resource selection procedure in L1 for corresponding multiple TBs.
Detailed analysis on option A/B/C
According to above agreement, L1 can be triggered by higher layer with multiple sets of parameters to report candidate single-slot resources for multiple TBs resource selection, i.e., Rel-16 per TB-based resource exclusion procedure in L1 is performed multiple times for multiple TBs according to corresponding set of parameters, which is already supported in current spec. Based on the reported candidate single-slot resource sets (multiple ) from L1, it is up to the MAC layer to select resources that are consecutive in logical slots in option B, i.e., MAC layer selects single-slot resources for each TB within each  and maintain multi-consecutive slots among multiple TBs, and then multi-consecutive slots transmission can be achieved with minimum spec impact. 
Following the logic of PHY specification, a set of parameters will be delivered from higher layer to generate a set of candidate resources. However, based on the logic of processing a MAC PDU in MAC, the MAC PDU (TB) as well as corresponding set of parameters (, remaining PDB,  and ) are finally determined after obtaining resources from L1 based on sidelink Logical Channel Prioritization procedure. If there is a data in a logical channel with higher priority, the resource could be preempted by the higher priority data. In a simple word, the set of parameters indicated by MAC layer for L1 sensing and resource exclusion procedure, may not be the same as that of the determined MAC PDU (TB), which is transmitted on the reported resource finally. Therefore, this procedure in MAC will result in:
1) PHY cannot know exact parameters for the TB finally transmitted in the reported resources due to LCH prioritization in higher layer.
2) PHY cannot know exact number of TBs that MAC will transmit since data could be found in LCH in anytime.
	(below is copied from TS 38.321)
5.22.1.1	SL Grant reception and SCI transmission
…
If the MAC entity has been configured with Sidelink resource allocation mode 2 to transmit using pool(s) of resources in a carrier as indicated in TS 38.331 [5] or TS 36.331 [21] based on full sensing, or partial sensing, or random selection or any combination(s), the MAC entity shall for each Sidelink process:
…
1>	if the MAC entity has selected to create a selected sidelink grant corresponding to transmission(s) of a single MAC PDU, and if SL data is available in a logical channel, or an SL-CSI reporting is triggered, or a Sidelink DRX Command indication is triggered or a Sidelink Inter-UE Coordination Information reporting is triggered, or a Sidelink Inter-UE Coordination Request is triggered:
…
5.22.1.4.1.3	Allocation of sidelink resources
The MAC entity shall for each SCI corresponding to a new transmission:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in clause 5.22.1.4.1.2 for the SL grant with SBj > 0 are allocated resources in a decreasing priority order. If the sPBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the sPBR of the lower priority logical channel(s);
2>	decrement SBj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 5.22.1.4.1.2 are served in a strict decreasing priority order (regardless of the value of SBj) until either the data for that logical channel or the SL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE 1:	The value of SBj can be negative.


[bookmark: _Ref131757592]Observation 7: In legacy sidelink design, the number of TBs and corresponding parameters are finally decided after receiving reported   from PHY layer, it is unfeasible that number of consecutive slots indicated by MAC layer.
If the length of multi-slot resources is to be indicated by MAC layer, the TBs need to be determined in advance and used to determine the value of the length, which is not consistent with the legacy design, thus whether the length can be indicated by MAC requires to check with RAN2, and LS should be send to RAN2.
[bookmark: _Ref131757730]Proposal 13: If the length of multi-slot resources need to be indicated by MAC layer, LS should be sent to RAN2 to check whether number of candidate TBs can be indicated before reporting candidate resource set.
And for option B, how MAC layer to achieve MCSt, one example gives in Appendix 1 Section 1.2, thus, for MCSt, we support modified Option B, given as follow,
[bookmark: _Ref131757732]Proposal 14: For resource allocation enhancement to enable selecting multi-consecutive slots transmission: 
· Support modified Option B: L1 reports candidate single-slot resources sets () for each TB as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots for multiple TBs.
4.2 COT sharing for MCSt
For MCSt, if there are some resource in resource set  need to be shared, some modification of resource allocation should be considered to ensure multi-slot continuous resources transmission, analysis given as follow.
If one COT is occupied by both initiating and shared UEs, the COT can be shared based on reservation information from other UEs within sensing window. In order to achieve multi-consecutive slots transmission in COT sharing case, other UE’s reserved resources to be shared should be also reported to MAC layer, which is determined based on each TB’s sensing and exclusion procedure satisfying COT sharing conditions, e.g., higher transmission L1 priority. Therefore, consecutive slots for multi-TX UEs can be selected in a COT by MAC layer based on  and resources to be shared.
As shown in Figure 14, during TB1’s sensing procedure, UE2’s and UE3’s reserved resources satisfy COT sharing conditions, i.e., L1 priority of the TBs are higher than that of TB1, and can be shared in UE1’s COT. For TB1, in addition to candidate resource set , time and frequency resources of TBa and TBb (), L1 priority, CAPC and source/destination ID of each TB should be reported to higher layers for resource selection and COT sharing indication. Similarly, for each UE1’s TB, candidate resource set  and corresponding information of resources to be shared should be reported. Combining all the reported information from L1, multi-consecutive slots for multi-TX UEs in a COT can be achieved by UE1’s resource selection procedure at MAC layer. 
 [image: ]
[bookmark: _Ref130475518]Figure 14 Multi-consecutive slots resource selection for mode 2 COT sharing
[bookmark: _Ref131757733]Proposal 15: For resource allocation enhancement to enable selecting multi-consecutive slots transmission, if a COT is shared for transmission of multiple UEs (including COT initiating UE): 
· L1 additionally reports resources to be shared to other UEs to higher (MAC) layer including corresponding L1 priority, CAPC and source/destination ID.
· MAC layer shall select multi-consecutive slots resources for multiple TBs and resources to be shared if any.
5 Type 1 LBT blocking issue
In RAN1#112 [7], Type 1 LBT blocking issue is discussed, and the proposal is given as follow: 
	Proposal 6 (I): 
· To resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected/reserved resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected/reserved resource and causing the LBT to fail. Further study at least the following solution options for down-selection in a future meeting. Other options are not precluded.
· Option 1: 
· UE avoid selection of a resource before a reserved resource when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoid selection of a resource after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· FFS: the avoidance should be performed by L1 exclusion or L2 MAC selection
· FFS: whether / how to achieve this in RA mode 1
· Option 2: 
· UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource when transmission of the selected resource is able to share the initiated COT of the reserved resource (i.e., the selected resource(s) is within the COT duration of the reserved resource and the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource).
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT with the reserved resource (i.e., the reserved resource is within the CAT duration of the selected resource(s) and the CAPC value of the selected resource(s) is equal to or smaller than that of the reserved resource).
· FFS whether / how to achieve this in RA mode 1.
· Option 3: UE selects extra / more resources than required for transmitting a TB (i.e., overbooking) to accommodate potential Type 1 LBT failures.
· Option 4: LBT duration is determined firstly, then resource selection takes into account of the LBT duration is performed.
· Option 5: At MAC layer, selection of resource(s) among the reported set of candidate resources from L1 is up to UE implementation in mode 2 for SL-U, instead of random selection.


When UE selects resource before the reserved resource or after the reserved resource, there is Type 1 LBT blocking issue, and both Mode1 and Mode2 exists, more detail can refer to the Appendix 1 Section 1.3. For how to solve the issue, detailed analysis are given as follow.
5.1 Solution for blocking issue of Mode 1
Since multi-consecutive slots transmission is supported for Mode 1 resource allocation in SL-U, a reasonable way to alleviate the impact of inter-UE blocking issue is sharing a COT with each other to achieve multi-consecutive slots transmission and reduce the times of Type 1 channel access as much as possible, i.e., consecutive transmission resources should be provided by either CG or DG resource allocation to single TX UE without COT sharing or multi-TX UEs with COT sharing, where additional Type 1 LBT procedures are avoided and possibility of inter-UE blocking is reduced.
Figure 15 shows the procedure of COT sharing for mode 1. To format a COT in the gNB side, gNB needs to know the identification of UE in sidelink to allocate/configure the resources. A feasible way is that sidelink UEs report UE ID related information to gNB so that gNB can allocate resources to such UEs. Then, to indicate a COT sharing between dedicated UEs, gNB’s DCI format/CG configuration for SL-U Mode 1 can include SL-U UE ID related information and then UEs can be aware that whether they can share the COT or not. A UE initiating the COT can also identify other UEs to share the COT and therefore transmit the COT sharing indication and the UE ID related information in its SCI to these shared UEs.
   [image: ]
[bookmark: _Ref130926552]Figure 15 COT sharing of configured/scheduled resources for resource allocation mode 1
As shown in Figure 16, assuming UE1, UE2, UE3 and UE4 are candidate UEs to share a COT. After reporting UE ID related information to gNB, gNB allocates resources (through either DG or CG) together with the UE ID related information. UE1 finishes its LBT procedure first and starts transmission on resources granted by gNB, including a COT sharing indication indicating the UE ID related information. Then, upon reception of UE ID related information, other candidate UEs, i.e. UE2, UE3 and UE4, will switch from Type 1 LBT to Type 2 LBT for channel access to transmit at their respective resources granted by the gNB.
[image: ]
[bookmark: _Ref130997623]Figure 16 COT sharing indication of granted resources for resource allocation mode 1
[bookmark: _Ref131757736]Proposal 16: For mode 1, a COT initiating UE can share a COT to other UEs according to DG/CG by gNB indicating multi-consecutive slots with procedures as follows:
· UEs should report UE ID related information to gNB.
· SL DG/CG resources and the UE ID related information needs be indicated by gNB. 
· COT sharing indication including UE ID related information should be indicated by the initiating UE to share the COT.
5.2 Solution for blocking issue of Mode 2
Inter-UE blocking issue should be addressed by resource selection enhancement for mode 2. For non-COT sharing case, as shown in Figure 17 a), it is possible that UE1 selects resource R1 for transmission according to legacy mode 2 scheme. If UE2’s LBT succeeds, its transmission may block UE1’s LBT and reserved resources cannot be used. Thus, when selecting resources, UE should avoid selection of a resource after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
In addition to not being blocked by other UEs’ transmission, a UE should also consider not blocking other UE’s transmission with high priority. As shown in Figure 17 b), UE1 may block UE2’s high priority transmission, if it selects and transmits on resource R1 following Rel-16 resource selection scheme after its LBT procedure. To avoid those problem, UE should avoid selection of a resource before a reserved resource with higher priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
[image: ]
a) UE1’s selected resource for transmission is blocked by UE2’s transmission
[image: ]
b) UE1’s transmission may block UE2’s transmission with high priority
[bookmark: _Ref130926608]Figure 17 Inter-UE blocking issue for non-COT sharing case
Considering that if the avoidance is performed by MAC layer, the L1 layer need to report the additional resource set to inform other UE reservation, and help MAC layer to select the resource cannot block the Type 1 LBT of other UE reserved resource, which introduce unnecessary procedure and specification impact, thus avoidance performed in L1 layer is preferred.
When selecting resource R2 in Figure 18, UE1 should take into account the impact of its LBT during resource selection procedure to avoid inter-UE blocking problem. UE1 may consider the time gap it needs to successfully complete Type 1 LBT, and selects resources based on UE2’s reservation information so that UE1 will not be blocked by UE2’s transmission.
[image: ]
[bookmark: _Ref115333783]Figure 18 Resource selection considering LBT procedure for resource allocation mode 2
[bookmark: _Ref131757737]Proposal 17: To resolve the Type 1 LBT blocking issue, resource allocation should be enhanced as follow:
· UE avoids selection of a resource before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoids selection of a resource after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· The avoidance should be performed by L1 exclusion.
· FFS:  The LBT duration should be considered when resource selection.
In addition, COT sharing is also an effective way to reduce inter-UE blocking and improve effectiveness of transmission. As mentioned in Section 3.1, the COT can be shard to the UE of transmission priority is higher than that of its own transmission. For example as shown in Figure 19, based on sensing results, UE2 reserves resource within the COT initiated by UE1 with priority = 1 and CAPC = 1, when UE1 is triggered to select resource, it can select the resource before and after the resource UE2 reserved, then shared the resource to UE2 and the Type1 LBT blocking issue can be solved and transmission with higher priority can be protected.
[image: ]
[bookmark: _Ref131757021]Figure 19 Solve blocking issue by COT sharing
[bookmark: _Ref131757738]Proposal 18: Type 1 LBT blocking issue can be solved by COT sharing as follow:
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT to the reservation with high priority.
6 Relationship between resource selection and LBT for Mode2
In RAN1#109-e [3] and RAN1#110 [4], the following agreements on SL-U mode 1 and mode 2 resource allocation are made:
	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


According to the agreement, existing sidelink mode 2 resource allocation schemes are supported as a baseline. One major problem is the relationship between reservation-based resource selection and LBT, and the options can be listed as:
· Option A: Sensing-based resource selection is triggered before LBT is triggered. 
· Option B: Sensing-based resource selection is triggered after LBT is triggered.
 [image: ]
[bookmark: _Ref130563534]Figure 20 Illustration of relationship between sensing-based resource selection and LBT
The timing relationship is illustrated in Figure 20, for both the options, the basic rule is that selected resources can only be transmitted if LBT is successful, otherwise, resources should not be transmitted if LBT procedure cannot satisfy the timing requirement of selected resources. In addition, if LBT procedure is blocked by other transmission, resources reselection is required for all the options. 
For option A, resource selection is triggered first, then LBT procedure can be triggered based on starting time of selected resources considering LBT parameters, e.g. CAPC, and if LBT is successful before the selected resource, the resource can be used. 
For option B, resource selection is triggered after LBT is triggered. However, the dedicated parameter of the frequency resource like which RB set are not clear before resource are selected. In summary, for timing relationship between reservation-based resource selection and LBT, resource selection is triggered before LBT is triggered is preferable.
[bookmark: _Ref131757739]Proposal 19: As for timing of performing LBT and resource selection, sensing-based resource selection is triggered before LBT is triggered.
7 CW adjustment
7.1 Definition of reference duration
In RAN1#112 [7], the following agreement on the ending timing of SL reference duration is made:
	Agreement
The end timing for the definition of reference duration in the contention window adjustment procedure for SL-U is defined as follows:
· Option 1a
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g. for MCSt if needed
· Whether/how to adjust CWS for groupcast option 1 NACK-only case and whether/how to define reference duration for groupcast option 1 NACK-only case can still be discussed


For the ending timing for MCSt, considering that the duration of the MCSt could not exceed the duration of COT, and if there is one PSSCH with HARQ-ACK enabled within MCSt, the ending time can be the slot, otherwise there is no slot with ACK/NACK HARQ-ACK enabled and no need to use reference duration, thus no additional design is required. 
[bookmark: _Ref131757741]Proposal 20: No need to design another ending time, e.g. for MCSt.
7.2 Single feedback scheme within reference duration
In RAN1#111 [6], there have been some efforts in CW adjustment in Type 1 channel access, where the latest FL’s proposal is given below:
	Proposal 3-2 (II): Contention window adjustment procedures (to further down-select between options in each case):
· SL HARQ-ACK feedback disabled in SCI (i.e., all cast types)
· Option 1: For every priority class , use the latest .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported in SL-U.
· Only unicast (ACK and NACK) within SL reference duration
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· Only groupcast option 2 (ACK and NACK) within SL reference duration
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks.
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· FFS whether the at least one ‘ACK’ is from just one UE or every UE
· Only groupcast option 1 (NACK-only) within SL reference duration
· Option 1: For every priority class , use the latest .
· Option 2: If ‘NACK’ or a collision indicator (IUC scheme 2) is received, increase ; Otherwise,  or use the latest  (FFS which).
· Option 6: GC option 1 (NACK-only) is not supported in SL-U
· FFS: the case when SL HARQ-ACK feedback is not available after the last update of . 


In SL-U, for the transmission with SL-HARQ feedback disabled, the CW adjustment based on the feedback is not available. For different UEs’ initial transmissions selecting same CW, there may exist transmission collision due to lack of reservation information, and collision will occur persistently if both UEs do not adjust their CW. One possible way to solve the issue is that CW is adjusted according to the number or ratio of TBs is going to be retransmitted within a COT, and the number or ratio can be pre-configured. If there is a large quantity of retransmissions, a UE could initiate a COT with larger CW to avoid the retransmission’s collisions with others transmission.
[bookmark: _Ref131757595]Observation 8: There will be transmission collision persistently if CW is not adjusted in case of HARQ-ACK feedback disabled in SCI.
For unicast with SL-HARQ feedback enabled, there are specified method of CW adjustment in NR-U, and we can reuse directly. For the case of groupcast SL HARQ-ACK Option 2, a TX UE will receive multiple ACK/NACK feedbacks from multiple UEs. For one UE’s groupcast transmission, multiple Rx UEs are going to receive the transmission. However, due to the hidden node, one of Rx UEs may keep reporting NACK continuously resulting in the HARQ feedback of all transmissions within the reference duration is NACK. Thus, CW needs to be adjusted considering such “all NACK” case, and if there is no CW adjustment, there may be transmission conflicts all the time. More specific, for every RX UE in groupcast, if at least one ACK is fed back within the reference duration, the CW of TX UE should set to , otherwise, adjust to the next higher allowed value. 
For the case of groupcast SL HARQ-ACK Option1 (NACK-Only), a TX UE with PSCCH/PSFCH transmission will not receive ACK from the RX UE and only rely on NACK feedback. The TX UE cannot distinguish between RX UE decode SCI failure and RX UE receives packet successfully. Therefore, the CW adjustment based on HARQ-ACK feedback Option1 could be inaccurate, use the latest  used for any SL transmissions is enough, i.e., option1.
[bookmark: _Ref131757742]Proposal 21: For CW adjustment in SL-U:
· For the case that SL HARQ is disabled by SCI, Option2 is supported that CW is adjusted according to number blind retransmissions of the TBs within a COT.
· For unicast with SL HARQ enabled, Option2 is supported, i.e., same as NR-U’s design.
· For groupcast Option1 (NACK-only) with SL-HARQ enabled, Option 1 is supported that the latest  associated with each channel access priority class p is used.
· For groupcast Option2 with SL-HARQ enabled, updated option 2 is supported, which is “If at least an ‘ACK’ is received related to any transmissions from each RX UE within the latest SL reference duration, for each priority class ; otherwise  is increased.
8 COT lost issue
In SL-U, COT may be lost in the following cases:
Case 1: Multi-consecutive slot resources for initial transmission and retransmission
If one UE selects multi-consecutive slots resource for initial transmission and retransmission, and if one selected resource used for retransmission is no longer used because the initial transmission is successfully received, then COT interruption will happen. For example, as shown in Figure 21, UE1 selects resources from slot n to slot n+7 in RB set 1, which can be used for transmitting TB1 – TB6, and retransmission of TB1-TB2. The PSFCH of TB1-TB2 can be received within the COT. If the SL HARQ of TB1 is ‘ACK’, there is no need to retransmit TB1 anymore. If selected resource in slot n+6 cannot be occupied by any transmission, the COT may be interrupted and retransmission of TB2 in slot n+7 cannot be guaranteed.
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[bookmark: _Ref131757271]Figure 21 Example of transmission interruption of consecutively selected resource 
As for the issue, one possible way is to trigger the COT initiating UE’s resource re-selection when there is an ‘ACK’ received within the COT, and more details can be further studied.
Case 2: COT sharing within multiple RB sets 
For COT sharing case within multiple RB sets, if the initiating UE is the intended receiver of shared UE, it may lead to half-duplex or COT interruption problems. As shown in Figure 22 a), UE1 initiates a COT in RB set#0 and RB set#1 and may share its COT to UE2 based on UE2’s reservation information in RB set#0. According to legacy resource selection design, R1 and R2 may be selected for UE1’s transmission, and half-duplex or COT interruption may occur in the following cases:
· If UE1 shares the COT to UE2, where UE2 is transmitting to UE1, and R1 and R2 are selected for UE-1’s transmission(s), half-duplex issue occurs.
· If UE1 shares the COT to UE2, and R1 and R2 are not selected for UE1’s transmission(s), the COT in RB set#1 may be lost.
Thus, in COT sharing schemes, if shared UE is transmitting to the initiating UE in multiple RB sets, half-duplex and COT interruption issues should be addressed. One simple solution is to share resources to occupy all RB sets to the UE if the above case occurs.
In addition to the half-duplex issue above, if multiple RB sets by different UEs and exist COT sharing, there still COT interruption problems, as shown in Figure 22 b), UE1 initiates a COT in RB set#0 and UE3 initiated a COT in RB set#1, UE3 will transmit data to UE2 in slot n+2 with priority = 1, and UE2 will be shared the resource in RB set#0 in slot n+2 based on UE2’s reservation information and priority = 2. Based on legacy design, UE2 will determine whether to transmit or receive data based on priority comparison, and decide to receive data in RB set#1 with higher priority, which also will result the COT interruption issue.
[image: C:\Users\z00605371\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\DDD942AD.tmp]
a)  Multiple RB sets initiated by one UE
[image: ]
b)  Multiple RB sets initiated by different UEs
[bookmark: _Ref131757280]Figure 22 Half-duplex and COT interruption issues in resource selection for COT sharing
Case 3: UE receiving multiple COT sharing information
In SL-U, there may be cases that the responding UE receives multiple COT sharing information, which indicate the UE to transmit multiple transmissions on different RB sets at the same time via COT sharing, and the UE should determinate which shared resource to be used if Tx power is limited. For example, as shown in Figure 23, two COT sharing information form UE2 and UE3 indicate UE 1 to transmit TBs in two different COTs on the same slot, and it is infeasible due to limited Tx power. If UE1 use the resource in slot n+2 shared by UE2, the COT within RB set 1 may be lost, and if UE1 use the resource within RB set 1, the COT within RB set 1 may be lost, and the issue should for further studied.
 [image: ]
[bookmark: _Ref131757301]Figure 23 COT lost issue when there are shared resources within multiple RBsets
[bookmark: _Ref131757746]Proposal 22: RAN1 needs to further study how to address COT lost issues when consecutive slot transmission in a COT is interrupted, considering at least the following cases:
· Case 1: When ACK is received for a TB within a COT, the corresponding retransmission(s) of the TB are dropped in the same COT and resulting in COT lost.
· Case 2: When only subset of the multiple RB sets of a COT is used for transmission, e.g., due to half-duplex issue, the other unused RB sets will be lost.
· Case 3: When a UE is not able to transmit transmissions according to multi-COT sharing information, e.g., due to limited Tx power
9 Channel access procedures
9.1 Channel access Type 2
Type 2A applicability for PSFCH
In RAN1#111 [6], there is one FFS about whether Type 2A can be used for PSFCH without a shared channel occupancy. Considering that PSFCH is data-reception driven and is related to HARQ feedback latency. For high reliable and low latency service, but due to the limitation of regulation, short control signaling should be transmitted sparsely in time and will result in large periodicity. And for the case both S-SSB and PSFCH are transmitted as short control signaling, the transmission may not meet the regulation requirement, detailed analysis is given as Appendix 1 Section 1.4.
[bookmark: _Ref131757598]Observation 9: If both S-SSB and PSFCH are supported to be transmitted as short control signaling, the total transmission duration of S-SSB and PSFCH exceeds the regulation requirement. 
Therefore, to meet the requirements defined in regulation, the following is proposed.
[bookmark: _Ref131757747]Proposal 23: PSFCH is not supported to be transmitted as short control signaling due to limitation on satisfying regulations and interrupting channel access procedure of high priority transmission.
EDT and observation period for Type 2A
In RAN1#111 [6], there are two FFS about EDT and observation period need to be discussed.
For the details of EDT used for Type 2A channel access procedure, there is detailed design in NR-U. As mentioned in WID, channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation, thus there is no need to redefine EDT in SL-U.
The definition of observation period is used to limit short control signaling in regulation, which should be transmitted less than 50 times and less than 2,500μs within 50ms. In NR-U, there is no definition of observation, but define the duty cycle for discovery burst for Type 2A channel access procedure, which is at most . However, it can be found the duty cycle requirement is more restrictive than the regulatory requirement, which means any transmissions satisfy the constraint of duty cycle, they can also satisfy the constraint of observation period defined in regulation.  Therefore, there is no need to redefine observation period in SL-U.
[bookmark: _Ref131757749]Proposal 24: The EDT for Type 2A channel access procedure can reuse NR-U design and no need to define observation period for S-SSB transmissions using Type 2A to access channel without a shared COT.
9.2 Multi-channel access procedures
In RAN1#111 [6], the following agreement on Multi-channel access procedure is reached.
	Agreement
For dynamic channel access mode with multi-channel case in SL-U, use NR-U DL (Type A or Type B) multi-channel access procedure as the baseline for multiple PSFCH transmissions on multiple channels, where each PSFCH transmission is confined within one LBT channel 
· FFS: the case for S-SSB if agreed to transmit S-SSB (or S-SSB can be (pre-)configured) in more than one RB set
· FFS: whether type A or type B or both will be supported for this case for PSFCH
· FFS: whether multiple PSFCH transmissions on multiple channels after performing the multi-channel access procedure is limited to contiguous RB set 


The motivation to access multi-channel at same time is to achieve high transmission date rate with large bandwidth, and flexibility to overcome the uncertainty of channel access. Based on this understanding, when S-SSB are transmitted to initialize a COT, it is not necessary to perform multiple channel access procedure and span S-SSB transmission on multiple RB sets, since S-SSB are used for synchronization and high data rate is not an essential requirement. 
On the other hand, RAN1 agreed that the S-SSB transmission can use Type 2A channel access procedure and access the channel quickly, thus the necessity to select one RB set based on consequence of multi-channel access procedure becomes less. However, when the S-SSB are sharing a COT occupied multiple channels, transmission only on one RB set may cause COT interruption. Hence, how to maintenance the COT should be discussed and the details can be found in our companion’s contribution in [9]. 
Consider that both Type A and Type B are used for NR-U DL channel access, and for PSFCH transmission in SL-U, both types can be reused as well. As agreed in RAN1#109-e, a resource pool can contain multiple RB sets, and UE may receive PSSCH transmissions from multiple RB sets which are not contiguous in frequency domain. Correspondingly, the HARQ will be reported in discrete RB set in same PSFCH occasion. For example, as shown in Figure 24, before the slot m, UE 1 and UE 2 transmit the data to UE 3 and the corresponding PSFCHs are located in slot m within RB set1 and RB set3 respectively. Then UE3 need to perform multiple channel access procedure and transmit PSFCHs within discrete channels. Thus, the multiple PSFCH transmissions on multiple channels is not limited to contiguous RB set.
[image: ]
[bookmark: _Ref130926742]Figure 24  Multiple PSFCH transmission within discrete RB sets
[bookmark: _Ref131757750]Proposal 25: For multi-channel access in SL-U:
· S-SSB is transmitted in only one RB set when it is used to initialize a COT.
· Both Type A and Type B can be supported for PSFCH transmission, where the multi-PSFCH transmissions are not limited to contiguous RB set.
9.3 Frame-Based Equipment (FBE) channel access
[bookmark: _Ref131757753]NR-U supports two types of LBT mechanisms: LBE (Load Based Equipment) and FBE (Frame Based Equipment). The FBE mechanism can be used in environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc. (see TS 37.213 clause 4.3). SL-U deployment scenarios can be diverse, e.g., SL-U can be deployed at home or public area where other technologies also exist, or SL-U can be deployed in a factory or industrial park where the absence of other technologies can be guaranteed. Therefore, FBE mode can also be supported for SL-U. And FBE channel access procedure for UE has been specified detailed in NR-U, which can be reused in SL-U with adaption accordingly, if needed. 
[bookmark: _Ref131757897]Proposal 26: FBE (Frame Based Equipment) is supported for SL-U, and channel access procedure defined in NR-U can be a starting point.
10 Conclusions 
In this contribution, COT sharing, channel access procedures and resource allocation Mode 1 and Mode 2 for NR sidelink are supported for SL-U. Further details on CPE usage, COT sharing conditions, CW adjustment and resource reservation mechanisms of MCSt are discussed. We have following observations and proposals:
Observation 1: The transmission of low priority PSSCH may block that of high priority PSSCH if NR-U design on CPE of CG-PUSSH is reused without further enhancements.

Observation 2: Comparing to determine CPE based on CAPC, determining CPE length based on L1 priority (i.e., the smaller the priority value, the longer the CPE length) can effectively avoid transmission conflict and has large performance gain in terms of UPT.

Observation 3: Reservation based COT sharing with higher priority can increase UPT significantly compared to baseline.

Observation 4: The processing delay of MAC CE is too large for a UE to efficiently use resources in a shared sidelink COT given that a COT is limited by its MCOT which only contains a few milliseconds.

Observation 5: In Rel-16 resource selection procedure, multiple sets of parameters are independently provided for L1 to determine the corresponding candidate resources sets for multiple TBs respectively.

Observation 6: Option 1 and option 2 agreed in RAN1 #110bis-e agreement are not exactly the same as Rel-16 per TB-based resource selection procedure in L1, where multiple sets of parameters is provided for the resource selection procedure in L1 for the corresponding TBs, and the procedure is independently performed multiple times with multiple sets of parameters for multiple TBs.

Observation 7: In legacy sidelink design, the number of TBs and corresponding parameters are finally decided after receiving reported   from PHY layer, it is unfeasible that number of consecutive slots indicated by MAC layer.

Observation 8: There will be transmission collision persistently if CW is not adjusted in case of HARQ-ACK feedback disabled in SCI.

Observation 9: If both S-SSB and PSFCH are supported to be transmitted as short control signaling, the total transmission duration of S-SSB and PSFCH exceeds the regulation requirement.

Proposal 1:  Option 1 and Option 2 should be used for CPE transmission in different conditions:
· Support Option 1 in case of COT sharing where Type 2 channel access is performed.
· Support Option2 in case of initiating a COT.

Proposal 2: When use one of multiple CPE starting positions to initiate a COT for PSCCH/PSSCH transmission:
· If existing reservation is detected, for partial RB set allocation, the CPE starting position is determined based on the highest priority among the reservations.
· If no existing reservation is detected, for full/partial RB set allocation, the CPE starting position depends on priority of its own transmissions.

Proposal 3: When CPE is used for PSCCH/PSSCH within a shared COT, one CPE starting position can be pre-configured per resource pool.

Proposal 4: A single CPE starting position is used for PSFCH and legacy S-SSB,
· For PSFCH, the CPE starting position can be (pre-)configured.
· For legacy S-SSB, the CPE starting position can be (pre-)configured.

Proposal 5: When multi-consecutive slots transmission is performed by one single UE, the gap symbol between two adjacent slots can be used for PSSCH transmission,
· FFS details, e.g., applicable scenarios, etc.

Proposal 6: The COT can be shared based on resource reservation and the priority of reservation.
· 	The COT initiating UE shall share resources to other UE of which transmission priority is higher than that of its own transmission and CAPC is smaller or equal to its own transmission.

Proposal 7: RAN1 needs to study how to enable multi-consecutive slots transmission when such slots are in more than one COT due to MCOT limitation.

Proposal 8: Only the responding UE indicated by COT sharing information can use the shared PSFCH occasion within the COT, regardless whether the PSFCH transmission is intending for COT initiating UE or not.

Proposal 9: Additional ID should be carried in COT sharing information, and more than one additional ID should be supported.
· For unicast, additional ID includes at least source ID of responding UE,  
· For groupcast or broadcast, additional ID includes at least the source ID indicating a UE in the group or a UE for broadcast transmission.

Proposal 10: COT indication includes the following contents: CAPC level, COT duration, Channel access type, and time-frequency location of shared resource.

Proposal 11: The COT indication should be conveyed in SCI (e.g., 1st and/or 2nd stage SCI).

Proposal 12: Either of modified option 1 or option 2 as following is supported to reuse Rel-16 L1 procedure:
· Modified option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1 for each TB
· Modified option 2: One or mMultiple sets of parameters (, remaining PDB,  and ) are independently provided for the resource selection procedure in L1 for corresponding multiple TBs.

Proposal 13: If the length of multi-slot resources need to be indicated by MAC layer, LS should be sent to RAN2 to check whether number of candidate TBs can be indicated before reporting candidate resource set.

Proposal 14: For resource allocation enhancement to enable selecting multi-consecutive slots transmission:
· Support modified Option B: L1 reports candidate single-slot resources sets () for each TB as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots for multiple TBs.

Proposal 15: For resource allocation enhancement to enable selecting multi-consecutive slots transmission, if a COT is shared for transmission of multiple UEs (including COT initiating UE):
· L1 additionally reports resources to be shared to other UEs to higher (MAC) layer including corresponding L1 priority, CAPC and source/destination ID.
· MAC layer shall select multi-consecutive slots resources for multiple TBs and resources to be shared if any.

Proposal 16: For mode 1, a COT initiating UE can share a COT to other UEs according to DG/CG by gNB indicating multi-consecutive slots with procedures as follows:
· UEs should report UE ID related information to gNB.
· SL DG/CG resources and the UE ID related information needs be indicated by gNB. 
· COT sharing indication including UE ID related information should be indicated by the initiating UE to share the COT.

Proposal 17: To resolve the Type 1 LBT blocking issue, resource allocation should be enhanced as follow:
· UE avoids selection of a resource before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoids selection of a resource after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· The avoidance should be performed by L1 exclusion.
· FFS:  The LBT duration should be considered when resource selection.

Proposal 18: Type 1 LBT blocking issue can be solved by COT sharing as follow:
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT to the reservation with high priority.

Proposal 19: As for timing of performing LBT and resource selection, sensing-based resource selection is triggered before LBT is triggered.

Proposal 20: No need to design another ending time, e.g. for MCSt.

Proposal 21: For CW adjustment in SL-U:
· For the case that SL HARQ is disabled by SCI, Option2 is supported that CW is adjusted according to number blind retransmissions of the TBs within a COT.
· For unicast with SL HARQ enabled, Option2 is supported, i.e., same as NR-U’s design.
· For groupcast Option1 (NACK-only) with SL-HARQ enabled, Option 1 is supported that the latest  associated with each channel access priority class p is used.
· For groupcast Option2 with SL-HARQ enabled, updated option 2 is supported, which is “If at least an ‘ACK’ is received related to any transmissions from each RX UE within the latest SL reference duration, for each priority class ; otherwise  is increased.

Proposal 22: RAN1 needs to further study how to address COT lost issues when consecutive slot transmission in a COT is interrupted, considering at least the following cases:
· Case 1: When ACK is received for a TB within a COT, the corresponding retransmission(s) of the TB are dropped in the same COT and resulting in COT lost.
· Case 2: When only subset of the multiple RB sets of a COT is used for transmission, e.g., due to half-duplex issue, the other unused RB sets will be lost.
· Case 3: When a UE is not able to transmit transmissions according to multi-COT sharing information, e.g., due to limited Tx power.

Proposal 23: PSFCH is not supported to be transmitted as short control signaling due to limitation on satisfying regulations and interrupting channel access procedure of high priority transmission.

Proposal 24: The EDT for Type 2A channel access procedure can reuse NR-U design and no need to define observation period for S-SSB transmissions using Type 2A to access channel without a shared COT.

Proposal 25: For multi-channel access in SL-U: 
· S-SSB is transmitted in only one RB set when it is used to initialize a COT.
· Both Type A and Type B can be supported for PSFCH transmission, where the multi-PSFCH transmissions are not limited to contiguous RB set.

Proposal 26: FBE (Frame Based Equipment) is supported for SL-U, and channel access procedure defined in NR-U can be a starting point.
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Appendix1 
1.1 [bookmark: _Ref131275438][bookmark: _Ref131273829]MCSt in more than one COT
As for MCSt in more than one COT, for example, as shown in Figure 25, assume UE1 obtains COT1, and slot n-1 is the last slot of COT1. When UE1 still has data to be transmitted after the MCOT, UE1 will continue to perform Type 1 LBT  in slot n, and LBT may be successful in the middle of slot n especially whith high CAPC value. Then, UE1 has to wait until slot n+1 before it is able to access the channel, but the channel may be lost during the gap between Type 1 LBT finish and slot n+1. Therefore, RAN1 needs further study on how to enable transmiting TBs in multi-consective slots spanning over more than one COT.
[image: ]
[bookmark: _Ref131275490]Figure 25 Illustration that are multi-consecutive slots locate in more than one COT due to MCOT limitation
1.2 [bookmark: _Ref131276171]Example of how MCSt works
As shown in Figure 26, after obtaining candidate single-slot resource sets for TB1-TB3 (, , ) separately from L1, initial transmissions and retransmissions of the TBs from UE1 can be selected in consecutive slots by MAC layer, where initial transmissions of TB1–TB3 are selected consecutively and the corresponding retransmission resources are selected accordingly whilst meeting requirement of time gap. On signaling of these consecutive-slot resources, TRIV/FRIV can be reused to indicate each TB respectively, i.e., 3 TRIV/FRIV sets for TB1–TB3 are required to indicate the COT in Figure 26.
[image: ]
[bookmark: _Ref131276554]Figure 26 Multi-consecutive slots (multiple TBs) resource selection for mode 2
1.3 [bookmark: _Ref131276450]Type 1 LBT blocking issue 
LBT blocking issue occurs for Type 1 channel access procedure, and both Mode1 and Mode2 exists. For example, as shown in Figure 27, assume gNB allocates orange and green resources to UE1 and UE2 via Mode 1, respectively. Then, UE1 and UE2 need to perform LBT before transmissions on each allocated resources. Assume UE1 successfully transmits on the 1st Tx resource, then such transmission will possibly block UE2’s LBT procedure before UE2’s 1st TX resource and cause LBT failure. Such inter-UE blocking issue may result in some UEs unable to use the allocated resources by gNB via Mode 1, thus leading to low resource utilization and decreasing system performance.
Similarly, for mode 2, assume the green resources are reserved by UE2 and UE1 selects orange resources based on R16 Mode 2 sensing and resource exclusion procedure. Then, the same inter-UE blocking issue also exists for mode 2. The situation becomes worse if the priority of UE1’s PSSCH transmission is higher than that of UE2’, the transmission with high priority is blocked by the transmission with low priority in the end.
[image: ]
[bookmark: _Ref131757391]Figure 27 Illustration of inter-UE blocking issue
1.4 [bookmark: _Ref131275215]Type 2A applicability for PSFCH
As per regulation [2], the usage of short control signaling has strict conditions, i.e. number of transmissions within 50ms should be less than 50 times, and transmissions shall be less than 2,500μs within 50ms. For the case both S-SSB and PSFCH are transmitted as short control signaling, the transmission may not meet the regulation requirement. For example, assume SCS is 15kHz, and the feedback periodicity of PSFCH is configured as N = 4, PSFCH are transmitted every four slots with a two-symbol duration each time. Additionally, considering 160ms transmission periodicity of S-SSB which occupies 14 symbols for one transmission, within a period of 50ms, the total duration of PSFCH and S-SSB transmissions is about 2720μs, which exceeds the constraint of 2500μs, and for N=2, the duration becomes larger as 4574μs, far beyond regulation requirements.

Appendix2
[bookmark: _Ref110350962][bookmark: _Ref110350959]Table 2: Summary of simulation assumptions for SL-U indoor scenario
	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	40 MHz

	SCS
	30KHz

	UE dropping model
	
[image: ]
Indoor layout and UE dropping model with 12 pairs.
Each pair UE randomly dropped within distance between 5m and 15m.

	Resource Allocation Schemes
	SL-U:
· Baseline: enhanced R16 mode 2 (select consecutive slots within a COT) + LBT (performed before transmission).
Wi-Fi: IEEE802.11ac with parameters as per TR36.889

	Traffic Model
	Commercial Mode3 periodic traffic :
· Inter-packet arrival time: 30 ms 
· Packet size: Uniformly random in the range between 30000 bytes and 60000 bytes with the quantization step of 10000 bytes
· Latency requirement: 30 ms
Single traffic model for Wi-Fi/SL-U:
· FTP: FTP 3 as in TR 38.889  

	Interference Model
	3APs and 8 STAs

	Channel Model
	InH Mixed Office model

	UE Antenna Model
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	BS/AP antenna Array Configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	AP Tx Power
	23 dBm (total across all TX antennas)

	SL-U UE Tx Power
	18 dBm (total across all TX antennas)

	AP Antenna Gain
	0 dBi

	UE/STA Antenna Gain
	0 dBi

	AP Noise Figure
	5 dB

	UE/STA Receiver Noise Figure
	9 dB
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