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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#96 approved a new work item on NR sidelink evolution [1]. One objective of this WI is to study and specify sidelink on unlicensed spectrum for both mode 1 and mode 2:
Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.
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 design on the SL-U channel access procedures including Channel Occupation Time (COT) sharing, discussion on CP extension (CPE) usage, multi-channel access procedures and resource allocation Mode 1 and Mode 2. In addition, more details about evaluation methodology for sidelink unlicensed operation is studied based on latest meeting’s preliminary agreement.
2 [bookmark: _Ref129681832]Channel access procedures
In RAN1#109-e [3], the following agreement on SL-U channel access procedures is made:
	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.


2.1 Channel access type(s) applies for SL channels/signals
Based on the agreement above, Type 1 and Type 2 channel access procedures of NR-U are taken as baseline. In NR-U, Type 1 and Type 2 channel access mechanisms involve two cases, i.e., DL and UL. For downlink transmission, Type 1 is applicable to any transmissions initiated by a gNB, and Type 2 is used for transmissions initiated by a gNB with discovery burst or the transmission by a gNB after a gap of 25 us/16us following transmissions of a UE in a shared channel occupancy. For uplink transmission, Type 1 is applicable to PUSCH/PUCCH/SRS transmissions scheduled by gNB, or any transmission related to random access procedure, and Type 2 is applicable in the case where a UE receives a COT sharing signal indicated by gNB. And according to regulation [2], the channel access type is only related to the device type, initiating or responding device, and is irrelevant to specific channels/signals. 
In SL-U, channel access type(s) (Type 1 and Type 2) in NR-U can be reused, where Type 1 and Type 2 LBT is not supposed to be associated with specific channel/signals. As a result, Type 1 is used for initiating a COT, and Type 2 LBT is used when a COT is shared and gap duration between the end of the latest transmission and the start of shared transmission is satisfied.
[bookmark: _Ref109760173]Proposal 1: Channel access type(s) (Type 1 and Type 2) are applied for all SL channels/signals
· For a UE initiating a COT, type 1 is used
· For a UE sharing a COT and required gap duration satisfied, type 2 can be used.
2.2 CAPC table and PQI-CAPC mapping
As per regulation [2], for which CAPC table can be used for sidelink, it only depends on whether the device is a supervised or supervising device, given as follows, for LBE:
	(below is copied from ETSI EN 301 893)
…
[bookmark: OLE_LINK50]An equipment that controls (non-DFS related) operating parameters of one or more other equipment is denoted as a supervising device. Otherwise, the equipment is denoted as a supervised device.
…
Table 7: Priority Class dependent Channel Access parameters for Supervising Devices
	Class #
	p0
	CWmin
	CWmax
	Maximum
Channel Occupancy Time (COT)

	4
	1
	3
	7
	2 ms

	3
	1
	7
	15
	4 ms

	2
	3
	15
	63
	6 ms
(see note 1 and note 2)

	1
	7
	15
	1 023
	6 ms
(see note 1)


Table 8: Priority Class dependent Channel Access parameters for Supervised Devices
	Class #
	p0
	CWmin
	CWmax
	Maximum
Channel Occupancy Time (COT)

	4
	2
	3
	7
	2 ms

	3
	2
	7
	15
	4 ms

	2
	3
	15
	1 023
	6ms
(see note 1)

	1
	7
	15
	1 023
	6ms
(see note 1)





In NR-U, gNB is supervising device, and thus the CAPC table for supervising device is used, which can refer to DL CAPC table. Similarly, CAPC table for supervised device refers to UL CAPC table used by UE. For sidelink unlicensed, a UE is usually an individual entity which does not control operating parameters of other UEs, therefore, the UE can be regarded as a supervised device, and UL CAPC table defined in NR-U can be reused.
However, for the UE-A defined in R17 for inter-UE coordination scheme 1, particularly option B, UE-B’s transmission resources are based on UE-A’s provided coordination information only. More likely the operating parameters of UE-B are controlled by UE-A. In this case, UE-A can be regarded as the supervising UE to coordinate resources of UE-B. Thus, DL CAPC table can also be used for SL-U.
[bookmark: _Ref111224620][bookmark: OLE_LINK51]Proposal 2: Regarding CAPC table for SL.
· UL CAPC table is used as baseline.
· DL CAPC table can also be used at least when inter-UE coordination is used, where UE-A can be regarded as a supervising UE.
[bookmark: OLE_LINK22]In NR-U, a 5QI-CAPC mapping is defined in RAN2, as per TS 38.300 (see below), to reflect the relationship between channel access priority and QoS flow. 5QI is related to the QoS flow, which is determined by specific services, and irrelevant to specific physical channels/signals. 
	(below is copied from TS 38.300)
…
Table 5.6.2-1: Mapping between Channel Access Priority Classes and 5QI
	CAPC
	5QI

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-

	NOTE:	lower CAPC value means higher priority
-





For sidelink, PQI is defined instead of 5QI, to reflect QoS, and similarly a mapping between PQI and CAPC can be established in SL-U. Furthermore, such mapping can be discussed and defined in RAN2like NR-U.
[bookmark: _Ref111224624][bookmark: _Ref110415070]Proposal 3: A PQI-CAPC mapping should be discussed and defined in RAN2 similar as 5QI-CAPC mapping in NR-U, and no particular CAPC value is assigned to specific channels/signals in physical layer. 
2.3 Short control signaling
According to regulation [2], the benefit of the Short Control Signaling is that the channel can be accessed with no need to perform sensing, thus reducing the access delay. However, the corresponding problem is that the transmission collision may happen. In addition, the usage of Short Control Signaling has strict conditions, for example, it can only be used to transmit management and control frames, the number of transmissions within 50ms should be less than 50 times, and transmissions shall be less than 2,500 µs within 50ms. Considering such limitations, PSFCH and S-SSB might satisfy the requirements and can be transmitted as Short Control Signaling.
As explained, if PSFCH is transmitted as Short Control Signaling, channel assessment is not performed before the PSFCH transmission and others occupancy in the channel would be not detected either. In consequence, there may be more collisions resulting in performance loss of SL HARQ feedback and unnecessary retransmission(s) of PSCCH/PSSCH. In addition, the number and duration of PSFCH transmissions within a period of 50ms is related to services load, and the number of PSFCH transmissions may be greater than 50 times or larger than 2,500 µs, for example, when SCS is 30kHz, and the feedback periodicity of PSFCH is configured as , which means PSFCH needs to be transmitted every two slots. And considering that the PSFCH’s transmission occupies the duration of two symbols, thus within a period of 50ms, the total duration of PSFCH’s transmission is about 3570µs, which exceeds the constraint of 2500µs, and does not meet regulation requirements.
[bookmark: _Ref111224549][bookmark: _Ref111052113]Observation 1: Transmitting PSFCH as Short Control Signaling may violate regulations in some cases and result in performance loss on SL HARQ.
For S-SSB, the transmission periodicity of the S-SSB is 160ms according to the Rel-16 NR-V design, which meets the requirements of regulations in terms of the period and duration. However, for the SL-U, the S-SSB requires additional design due to unlicensed spectrum requirements, which will be further discussed in our companion paper [4]. Thus, whether S-SSB can be transmitted as Short Control Signaling can be further studied while considering aspects including feasibility and benefits. 
[bookmark: OLE_LINK40][bookmark: _Ref111052169][bookmark: _Ref100755099][bookmark: _Ref100650007][bookmark: _Ref100650034]Proposal 4: Further study whether/when/how S-SSB can be transmitted as Short Control Signaling considering aspects including feasibility and benefits.
3 COT sharing
In RAN1#109-e [3], the following agreement on COT sharing is made:
	Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements



3.1 [bookmark: _Ref111024144]SL channels and signals for UE-to-UE COT sharing
According to regulation [2], the initiating device can share resources to responding device by granting an authorization to the responding device, and does not restrict the applicable channel/signal for COT sharing. And channel access procedure is necessary before using the sharing COT, channel access types (both Type 1 and Type 2) can be applied for all SL channels/signals (as described in Section2.1), thus the resources shared between UEs can be used for all SL channels/signals. 
For an initiating UE, it can share a COT to one or more responding UE as per regulation [2] and the regulation does not restrict the number of UEs to share the COT.
	(below is copied from ETSI EN 301 893)
…
The Channel Access Engine may grant an authorization to transmit on the current Operating Channel to
one or more Responding Devices. If the Initiating Device issues such a transmission grant to a
Responding Device, the Responding Device shall operate according to the procedure described in
clause 4.2.7.3.2.7.


[bookmark: _Ref111224555]Observation 2: Based on regulation, there are no restrictions on the applicable channels/signals and number of UEs to share one COT granted by an initiating UE.
In NR-U, a gNB can be shared for DL transmission within a COT initiated by a UE, where the DL transmission can be non-unicast and/or unicast, which has been specified in TS 37.213 as follows:
	(below is copied from TS 37.213)
…
If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in clause 4.2.1.1 on a channel, the gNB may transmit a transmission that follows a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap as follows:
-	The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy.


Unlike Uu interface where gNB and UE usually have unicast communication with each other, sidelink communication has nature of non-unicast, particularly for SCI. Resource reservation information conveyed in the 1st stage SCI, all the UEs should receive and decode SCI to determine candidate resources for transmission. Additionally, the source/destination ID are captured in the 2nd stage SCI, receiver UEs need to parse the SCI format 2 to verify whether the TBs are transmitted to themselves or not by checking the ID. However, the 2nd stage SCI is multiplexed with SL-SCH on the PSSCH. So even for the SL-SCH is transmitted to a dedicated receiver on the purpose of unicast, all other UEs operating in the resource pool should also receive the PSSCH in order to have the ID and potentially decode the data. Thus, PSCCH/PSSCH can be considered as non-unicast transmission and any UEs to transmit PSCCH/PSSCH can be regarded as associated UEs. 
[bookmark: _Ref111224633]Proposal 5: In SL-U, a COT can be shared to any SL channels/signals and either single or multiple associated UEs. 
As per regulation, there must be a grant provided by the initiating UE such that the shared UE can use Type 2 channel access for transmission within the shared COT. The COT sharing grant can be COT sharing indication, and the grant information should be transmitted as early as possible to ensure the shared UE can decode the information in time before using the shared resource. After receiving the grant, the shared UE can transmit information to other UEs by unicast/groupcast/broadcast on the specific time-frequency resource indicated by the grant, or, use the resources according to their own sensing and selection results within the COT.
[bookmark: OLE_LINK35]For example, as shown in Figure 1, UE1 initiates a COT after performing Type 1 LBT on slot n-1, UE1 transmits COT sharing indication on slot n indicating that UE2 and UE3 can share the COT and switch from Type 1 to Type 2 for channel access for transmissions on slot n+2 and slot n+5. 
[bookmark: OLE_LINK34]After receiving the COT sharing indication on slot n, UE2 switches from Type 1 LBT to Type 2 LBT and obtains the shared resource, where UE2 perform unicast transmission to UE1 on slot n+2, groupcast transmission and broadcast transmission on slot n+3 and n+4 respectively. And all the transmission can be any channel/signal. Similarly, UE3 can transmit to UE1 on slot n+5 using Type 2 LBT.
  [image: ]
[bookmark: _Ref109759155][bookmark: _Ref109757912]Figure 1 Example of COT sharing in SL-U 
[bookmark: _Ref111224636]Proposal 6: In SL-U, a COT sharing indication is transmitted by the COT initiating UE to share the COT, and only the UE(s) granted by the COT sharing indication could use the shared COT.
3.2 [bookmark: OLE_LINK63]Content of COT sharing indication
As mentioned in Section 3.1, a grant, i.e. COT sharing indication is required for the initiating UE to share COT as per regulation [2], and only the UE acquiring the COT sharing information can share the COT. There, to indicate the COT sharing, the contents of COT sharing indication need to be designed, such as:
COT length
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) or the maximum COT length scheduled by initiating UE. 
[bookmark: OLE_LINK52]COT structure information
For an initiating UE that shares resources to the UE which satisfies the sharing condition, and the initiating UE should inform the UE the location of shared resources, e.g., a set of time-frequency resource that are open for sharing.
UE ID related information
For the case where an initiating UE shares specific resources to UEs, the ID related information of the COT initiating UE and COT shared UEs can be indicated such that associated UEs can transmit within the shared COT.
[bookmark: _Ref111052174][bookmark: _Ref110415085]Proposal 7: COT indication includes the following contents as follows.
· COT length: to indicate the length of initiated COT owned by the initiating UE;
· COT structure information: to indicate specific time-frequency resources;
· UE ID related information: for associated UE(s) to transmit within the shared COT.
4 [bookmark: _Ref111034415]Discussion on CPE usage
In RAN1#109-e [3], the following agreement on SL-U CP extension (CPE) is made:
	Agreement
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


In NR-U, the CPE can be used for both DG (dynamic grant) and CG (configured grant) transmission to fulfill the gap requirement of channel access (both Type 1 and Type 2), which can alleviate the transmission collision and blocking issue, but the design of NR-U cannot be reused in SL-U directly, and detailed analysis are provided as follows.
4.1 CPE used for initiating a COT 
4.1.1 Different CPE length used by different UEs
Issue: Transmission of different UE may collide 
Based on the sidelink mode 2 resource allocation scheme, although a UE selects resource for transmission according to the sensing result, it is still possible that different UEs select the same resources. For example, as shown in Figure 2, UE1 and UE2 have selected the same resource on slot n+1, and both of them will perform Type 1 LBT on RB set 1 before transmission in slot n+1. If the Type 1 LBT of UE1 and UE2 were completed successfully in slot n, thereby collision would occur.
  [image: ]
[bookmark: _Ref110965033]Figure 2  Initiating UE transmission collisions on the same channel

[bookmark: _Ref111052122]Observation 3: Since selecting the same resource by different UEs is inevitable and the LBT of different UEs could succeed on the same slot, transmission collision could happen between different UEs.
NR-U design:
Considering that LBT can be successful in any position of a symbol, and for symbol boundary alignment, cyclic prefix extension (CPE) is introduced to fill the gap, as shown in Figure 3. UE1 perform Type 1 channel access procedure successfully on slot n, and the CPE can be used to fill the gap between the end time of Type 1 LBT and the start transmission point, which has been used in NR-U.
 [image: ]
[bookmark: _Ref110968833]Figure 3  CPE used for COT sharing Type 1 channel access
For DG in NR-U, since all resources used by UEs are scheduled by gNB, gNB can avoid transmission collisions of different UEs by scheduling. However, the transmission collision issue also exists in CG-PUSCH transmission and if a UE is performing 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, which is given as follow, 
	(below is copied from TS 38.214)
…
For operation with shared spectrum channel access, and when the higher layer parameter ue-SemiStaticChannelAccessConfig is not configured, where a UE is performing uplink transmission with configured grants in contiguous OFDM symbols on all resource blocks of an RB set, for the first such UL transmission the UE determines a duration of a cyclic prefix extension Text to be applied for transmission according to [4, TS 38.211] where the index for  [4, TS 38.211] is chosen randomly from a set of values configured by higher layers according to the following rule:
-	If the first such UL transmission is within a channel occupancy initiated by the gNB (defined in Clause 4 of [16, TS 37.213]), the set of values is determined by cg-StartingFullBW-InsideCOT;
-	otherwise, the set of values is determined by cg-StartingFullBW-OutsideCOT.


However, if the design in NR-U is reused in SL-U directly, there may be another problem, i.e., a UE with high-priority traffic may be blocked by low-priority traffic because of the randomly selected starting points for transmitting CPE. 
For example, as shown in Figure 4, 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 selects the starting point earlier than UE1, UE1 with high priority transmission is blocked by UE2 with low priority. 
  [image: ] 
[bookmark: _Ref111045789]Figure 4 Example of high priority transmission blocked by low priority in the same channel if reusing NR-U design
[bookmark: _Ref111052125]Observation 4: For the initiating COT UE, the transmission of low priority PSSCH may block that of high priority PSSCH if NR-U design on channel access of CG-PUSSH is reused without further enhancements.
Proposed SL-U design:
Considering the design principle of NR sidelink is to ensure the QoS of transmission of high priority services, which should be also considered in SL-U. Instead of random channel access points selected by different UE, a simple and feasible enhancement is that length of the corresponding CPEs can be associated with priority of transmission, i.e., the smaller the priority value, the longer the CPE length. In this case, CPE of high priority transmission can be transmitted early and avoid being blocked by transmission with low priority. 
For example, as shown in Figure 5, UE1 transmission with priority = 1 and UE2 with 3, and UE1 transmits a longer CPE in advance to avoid being blocked. Specifically, the 7 access points (reused from NR-U) can be associated with priority, and the index of access point can be indicated by priority.
   [image: ]
[bookmark: _Ref111033885]Figure 5 CPEs are transmitted at different timing instance by different UEs based on priority
The performance of proposed design with XR traffic is evaluated, with detailed simulation assumptions provided in Appendix Table 2. Two traffic types are introduced, XR and FTP, where priority of XR traffic is assigned as 1, and FTP is 3, and the CPE lengths can map to  and , where  is the duration of one symbol defined in 15KHz SCS. The baseline is reusing NR-U design, CPE length is randomly selected by a UE. The simulation result in terms of UPT of XR is shown in Figure 6.
  [image: ] 
[bookmark: _Ref111046069]Figure 6 UPT for CPE transmitted at different access points based on priority (SL-U FTP λ=4, WiFi FTP λ=2.5, BO=71.6%)
It can be seen that UPT increases by 28%. The main contributor to the delay reduction is that XR traffic with high prioirty can always obtain the COT in advance and avoid to be blocked, ensuring that the transmitted data packets can be received successfully, and the UPT increases due to the successful reception of more packets.
[bookmark: _Ref111052128]Observation 5: For a typical initiating COT UE’s transmission collision in SL-U, transmitting CPE in advance according to priority can effectively avoid transmission conflict and has clear performance gain in terms of UPT.
4.1.2 Same CPE length used by different UEs
Issues: FDMed transmissions from different UEs may be blocked for channel access
As for resource reservation scenario, there may be inter-UE blocking issue if different UEs transmit different length of CPEs when UEs reserve FDMed resources within a channel. For example, as shown in Figure 7, UE1 and UE2 reserve resources within a channel on slot n+1 (different RBs or interlaces),  and if UE1 and UE2 use different CPE length, UE1 will block UE2, and UE2 cannot use the reserved resources.
[image: ]
[bookmark: _Ref111045288]Figure 7 Inter-UE blocking issue if resources of PSSCH transmission from different UEs are FDMed
One possible solution is not to transmit CPEs before reserved resources. However, the UE has initial transmission with low priority that wants to use whole RB set will transmit CPE to avoid collision, which will block the reservation transmission with high priority.
NR-U design:
As 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 high layer configuration. The gNB can ensure that multiple UEs can access the channel on the same RB set using different RBs (including different interlaces), i.e., FDM of multiple UEs, which is given as follow, 
	(below is copied from TS 38.214)
…
For operation with shared spectrum channel access, and when the higher layer parameter ue-SemiStaticChannelAccessConfig is not configured, where a UE is performing uplink transmission with configured grants in contiguous OFDM symbols on fewer than all resource blocks of an RB set, for the first such UL transmission the UE determines a duration of a cyclic prefix extension Text to be applied for transmission according to [4, TS 38.211] according to the following rule:
-	If the first such UL transmission is within a channel occupancy initiated by the gNB (defined in Clause 4 of [16, TS 37.213]), the index for  [4, TS 38.211]  is equal to cg-StartingPartialBW-InsideCOT;
-	otherwise, the index for  [4, TS 38.211]  is equal to cg-StartingPartialBW-OutsideCOT.


Proposed Scheme:
In SL-U Mode 1, the same design from NR-U can be reused and the issue can be solved. However, in SL-U Mode 2, the issue cannot be avoided and needs further discussion, since gNB scheduling is not available.
[bookmark: _Ref111052133]Observation 6: For a COT initiating UE with resource reservation, the inter-UE blocking issue cannot be solved if NR-U design is reused without further enhancement.
4.2 CPE used in shared COT
Issue: UEs can be blocked for channel access when different CPE lengths are used
In SL-U, there is always a symbol gap at that end of the time slot in the initiating COT UE’s transmission, which is used for the shared UE performing Type 2 channel access procedure and Tx/Rx switching. For 15 kHz and 30 kHz SCS, the symbol gap duration Δt is greater than 25 us, which risks the COT being interrupted. Therefore, if the length of such gap can be reduced, the COT can be better maintained, and CPE can be used for occupying the channel in advance, as shown in Figure 8. And in NR-U, for dynamically scheduled PUSCH, SRS, and PUCCH transmissions, CPE is used to fulfill gap requirement as per Type 2 channel access, and for different SCSs, the length of CPE cannot exceed one symbol, which is indicated in a DCI.
 [image: ]
[bookmark: _Ref110962677][bookmark: _Ref110962672]Figure 8  CPE used for COT sharing Type 2 channel access
However, for the case that there are two UEs need to share with different RB resources on the same slot and same RB set, an inter-UE blocking issue will occur. For example as shown in Figure 9, UE1 initiates one COT after performing Type 1 channel access procedure on slot n, transmits the COT sharing indication to UE2 and UE3 on slot n+1, inform UE2 and UE3 to switch from Type 1 to Type 2 for channel access for transmission on slot n+2, and use the shared the resource of slot n+2 based on resource reservation. UE2 will transmit CPE after performing Type 2 channel access procedure, if the start point of CPE’s transmission is earlier than UE3, UE3 will be blocked and cannot use the reservation resource.
 [image: ]
[bookmark: _Ref111048174][bookmark: _Ref110963223]Figure 9  Inter-UE blocking issue with a shared COT 
[bookmark: _Ref111052136]Observation 7: There will be inter-UE blocking issue if multiple UEs need to be shared resource with FDM on the same slot within the initiating UE’s COT.
Proposed scheme:
One possible way to solve the problem is that the CPE length can be indicated by the COT sharing information, and indicate the shared UEs to transmit the CPE at the same point, which can avoid being blocked by each other, and similarly as NR-U, the CPE length can be indicated by SCI.
[bookmark: _Ref111052177]Proposal 8: CPE is applied right before any SL channel and signal transmission, and the CPE length is determined as follows
· When the UE initiates a COT by itself: 
· if the SL transmission occupies all the RBs of an RB set, the CPE length depends on priority such that lower priority value results in larger CPE length
· If the SL transmission occupies fewer than all the RBs of an RB set, the same CPE length is used
· 	Otherwise, the CPE length is indicated by the COT initiating UE.
5 Multi-channel access procedures
In RAN1#109-e [3], the following agreement on multi-channel access procedure is made:
	Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation


Multi-channel transmission is beneficial to transmitting higher data rate traffic, such as XR. In NR-U, there are Type A and Type B for multi-channel access procedures, where Type A requires to perform Type 1 LBT on each channel, and Type B requires to perform Type 1 LBT on one of the multiple channels and sense other channels for at least a sensing interval  before transmission. Considering that both Mode 1 and Mode 2 are designed for resource allocation, and channel access should be performed regardless of resource allocation schemes, both Type A and Type B multiple channel access procedures can be applied to Mode 1 and Mode 2.
For semi-static multiple channel access, it can be used in environments where the absence of other technologies is guaranteed and exist typical application scenarios, can be supported in SL-U.
[bookmark: _Ref111052179][bookmark: _Ref110415099]Proposal 9: Downlink multiple channel access procedure(s) Type A and Type B in NR-U should be reused for SL-U, and semi-static multiple channel access procedure(s) can be supported in SL-U.
· Both Type A and Type B multiple channel access procedures can be applied in SL mode 1 and mode 2 operation.
6 Resource allocation
In RAN1#109-e [3], the following agreement on SL-U mode 1 and mode 2 resource allocation is 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


6.1 Inter-UE blocking for both mode 1 and mode 2
Based on the agreement above, existing sidelink mode 1 resource allocation including dynamic grant, Type 1 and Type 2 configured grants and sensing-based resource selection mode 2 are supported as baseline. However, if legacy RA methods for both mode 1 and mode 2 are followed without any enhancements, there might be an inter-UE blocking issue when UE perform transmission. Note, this type of blocking issue is different from that described in section 4. In section 4, the blocking issue occurs when the different UEs transmit signal at the same starting point and choose a CPE length randomly, so it can be handled by a proper CPE selection. However, the blocking issue in resource allocation occurs when UEs select resource at different starting point.
For example, as shown in Figure 10, assume gNB allocates orange and green resources to UE1 and UE2 via Mode 1, respectively. Then, UE1 and UE2 need to perform LBT before each allocated resource transmission. 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 cause some UEs unable to use the allocated resources by gNB via Mode 1, thus leading to low resource utilization and decreasing system performance.
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[bookmark: _Ref111225182]Figure 10 Illustration of inter-UE blocking issue
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.
[bookmark: _Ref111224574]Observation 8: If the legacy resource allocation mode 1 and mode 2 are reused without any enhancements, there might be an inter-UE blocking issue, i.e., some UEs’ transmissions may cause other UEs’ LBT failure and unable to transmit on scheduled/configured/reserved resources, resulting in low resource utilization and decreased system performance.
6.2 Mode 1
For mode 1, as discussed in Figure 10, legacy resource allocation method may lead to inter-UE blocking issue. A reasonable way to alleviate the impact of inter-UE blocking issue is sharing a COT with each other to reduce the times of Type 1 channel access as much as possible. For an efficient mode 1 for sidelink over unlicensed spectrum, configured/scheduled transmission resources are required to be consecutive slots to maintain a COT, i.e., consecutive transmission resources should be provided by either CG or DG resource allocation, where additional Type 1 LBT procedures are avoided and possibility of inter-UE blocking is reduced.
Figure 11 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: _Ref111226252]Figure 11 COT sharing of configured/scheduled resources for resource allocation mode 1
As shown in Figure 12, 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. Assuming that 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.
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[bookmark: _Ref111225284]Figure 12 COT sharing indication of granted resources for resource allocation mode 1
[bookmark: _Ref111224646]Proposal 10: For mode 1, a COT initiating UE can share a COT to other UEs according to DG/CG by gNB 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. 
· [bookmark: _Ref110415041]COT sharing indication including UE ID related information should be indicated by the initiating UE to share the COT.
6.3 Mode 2
6.3.1 Relationship between reservation-based resource selection and LBT
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, which can be listed as:
· Option A: Sensing-based resource selection is triggered before LBT is triggered 
· Option B: Sensing-based resource selection is triggered when LBT is triggered 
· Option C: Sensing-based resource selection is triggered after LBT is triggered and before LBT is finished
· Option D: Sensing-based resource selection is triggered when LBT is finished
· Option E: Sensing-based resource selection is triggered after LBT is finished
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[bookmark: _Ref111225297]Figure 13 Illustration of relationship between sensing-based resource selection and LBT
The timing relationship is illustrated in Figure 13, for all 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. As shown in Figure 14a), resource selection is triggered first, and resources can be selected based on both LBT parameters and resource reservation information (other UE transmission in the figure denotes reserved resources of other UEs). After performing LBT, selected resources can be transmitted.
For option C, resource selection is triggered after LBT is triggered and before LBT is finished, as shown in Figure 14b). With the existence of other UE transmission, the sensing slots with cross mark are not sensed to be idle. But the same resources as those in option A can also be selected in option C by considering LBT parameters and resource reservation information and successfully transmitted.
Similarly, the same resources can be selected in option D (see Figure 14c)), though resource selection is triggered when LBT is finished and additional defer duration  is needed. 
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[bookmark: _Ref111225126]Figure 14 Example of relationship between resource selection and LBT
For option B and option E, selected resources can also be transmitted by considering LBT parameters and resource reservation information.
In summary, all the options can achieve sidelink mode 2 RA schemes in a shared carrier. In NR-U, time instance of triggering of LBT and resource allocation, as well as their relationship are not specified. Similarly, such timing and relationship are not necessary in SL-U, particularly given that there is no much difference in terms of outcome and performance of above options discussed. Discussion on timing relationship between reservation-based resource selection and LBT is complicated and time consuming, it is not necessary to discuss such details with little difference.
[bookmark: _Ref111224577]Observation 9: For SL-U mode 2 sensing-based resource selection, different triggering time of LBT, i.e., triggering before resource selection, triggering at the same time or triggering after resource selection, shows little difference in terms of selected resources for transmission.
[bookmark: _Ref111224649]Proposal 11: Timing of performing LBT and resource selection, as well as timing relationship between them is up to UE implementation with the following restrictions:
· Selected resources can only be used if LBT is successful
· Resources reselection is required if LBT fails
6.3.2 Resource selection for SL-U mode 2
As justified in section 6.3.1, there is also an inter-UE blocking issue for mode-2 resource allocation. More specifically, there are two main issues for mode-2: 1) resource selection for not blocking other UEs’ transmission with high priority; 2) resource selection for not being blocked Type 1 LBT procedure by other UEs.
6.3.2.1 Resource selection for not blocking other UEs’ transmission with high priority
Issue: As shown in Figure 15, 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 such problem, a UE should consider other UE’s LBT procedure based on resource reservation information or share its COT with the UE with high priority transmission.
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[bookmark: _Ref111225148]Figure 15 UE1’s transmission may block UE2’s transmission with high priority
Solution 1: Resource selection enhancement to guarantee high priority transmission
In order to guarantee high priority UE’s transmission, resource reservation information and LBT procedure can be used to achieve channel access deferral, i.e., UE can select its transmission resources based on other UEs’ reserved resources and their possible channel access time so that selected resource will not block other UE’s transmission. So the transmissions with high priority and low latency requirement can be guaranteed. 
As shown in Figure 16, based on sensing results acquiring from R16 mode-2 procedure, both R1 and R2 can be the candidate. However, further consider the LBT time of UE2 which will perform a higher priority transmission, and then UE1 can choose to select resources R2 instead of R1, so that UE2 can transmit on the reserved resources after its LBT. It is a simple and effective method to avoid high priority transmission blocking issue during resource selection.
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[bookmark: _Ref111225154]Figure 16 Sensing based resource selection to enable high priority transmission
[bookmark: _Ref111224651]Proposal 12: For mode 2, sensing-based resource selection should take into account whether selected resources will block channel access of other UEs for PSSCH transmission with higher priority.
Solution 2: Priority and reservation information based COT sharing
COT sharing is also an effective way to reduce inter-UE blocking and 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 Figure 17, 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 UE3 can transmit its own PSSCH.
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[bookmark: _Ref111225822]Figure 17 COT sharing for resource allocation mode 2
[bookmark: _Ref111224659]Proposal 13: For Mode 2 sensing and resource exclusion procedure within a COT initiated by a UE,
• The UE can use candidate resources reserved by other UE of which transmission priority is lower than that of its own transmission.
· FFS: details
• The UE cannot use the candidate resources reserved by other UE of which transmission priority is higher than that of its own transmission.
· FFS: detail
6.3.2.2 Resource selection for not blocking UE channel access procedure
Issue: In addition to not blocking other UEs’ transmission as discussed above, a UE should also consider not to be blocked by other transmissions during resource selection. As shown in Figure 18, it is possible that UE1 selects resource R1 for transmission. If UE2’s LBT succeeds, its transmission may block UE1’s LBT and reserved resources cannot be used. Then, when selecting resources, this kind of inter-UE blocking issue should be considered.
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[bookmark: _Ref111225161]Figure 18 UE1’s selected resource for transmission is blocked by UE2’s transmission
Solution 1: Resource selection considering Type 1 LBT procedure 
When selecting resource R2 in Figure 19, 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: _Ref111225715]Figure 19 Resource selection considering LBT procedure for resource allocation mode 2
In addition, even if there are no reserved resources from other UEs, UE1’s resource selection should also consider Type 1 LBT procedure for its own transmission, i.e., resources need not be selected before its own LBT procedure is finished. This can be achieved by considering CAPC value, through which the maximum LBT time can be obtained.
[bookmark: _Ref111224661]Proposal 14: For mode 2, sensing-based resource selection should consider whether selected resources will be blocked by Type 1 channel access for its PSSCH transmission.
Solution 2: Resource selection to allow multi-slot consecutive transmissions
SL operation in unlicensed band is motivated to enable extra high data rate service of which transmission is more likely to span multiple slots. Also, taking into account the characteristic of LBT procedure, it is natural for a single UE to utilize consecutive resources in unlicensed spectrum. Therefore, multi-slot consecutive transmission is an effective way for a single UE to alleviate inter-UE blocking issue, where additional Type 1 LBT procedures are avoided and possibility of being blocked is reduced. 
For mode 2, legacy Rel-16 resources are randomly selected from the candidate resource set reported by PHY layer by different UE individually and most of selected resource could be not consecutive. As shown in Figure 10 and Figure 20, non-consecutive resource selection leads to additional inter-UE blocking issues compared with consecutive resource selection, where four selected consecutive resources in Figure 20 can be transmitted within a COT. Note that consecutive slots can be transmitted with new TBs and/or retransmission of TBs.
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[bookmark: _Ref111225193]Figure 20 Multi-slot consecutive resource selection for mode 2
In addition, a COT is occupied by an initiating UE only or by both initiating and shared UEs. As shown in Figure 21a), when initiating a COT, UE1 should use consecutive resources within the COT as many as possible. For COT sharing scenario, multi-slot consecutive transmissions should also be guaranteed including the resources of responding UEs. 
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 a) COT is occupied by an initiating UE only
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b) COT is occupied by an initiating UE and its responding UEs
[bookmark: _Ref111225203]Figure 21 Multi-slot consecutive transmission within a COT 
Proposal 15: Within a COT, consecutive slots should be selected by an initiating UE and shared UEs if any.
However, the duration of a COT is limited by the MCOT subject to CPAC, then a single COT may not be enough for a transmission and consecutive slots within multiple COTs may be required. In order to reduce the gap between COTs, one possible way is that a UE only transmit a few symbols in its last slot of previous COT, and thus performs Type 1 channel access immediately after the last symbol of transmission, such that it is possible to finish its LBT before transmission on next consecutive slots.
As shown in Figure 22, performance of proposed solution (both allowing consecutive slot selection within one COT and COT sharing) is evaluated, where we assume that for XR traffic, its priority = 1 and CAPC = 1; for FTP traffic, priority = 5 and CAPC = 3, with detailed simulation assumptions provided in Appendix Table 2.
With the assumptions of high load BO,  for SL-U FTP and  for Wi-Fi FTP, UPT is increased by 83% approximately for XR traffic with solution of multi-slot consecutive transmissions and reservation and priority-based COT sharing. Given the characteristic of XR traffic, where the PDB is 15ms for cloud gaming and 10ms for pose/control traffic, which easily fails to meet PDB requirement if channel access is blocked, the performance gain mainly comes from consecutive slots transmission and COT sharing to XR transmission, which increases its possibility of channel access and therefore transmit as soon as possible to meet PDB. 
[bookmark: _GoBack][image: ]
[bookmark: _Ref111225209]Figure 22 UPT for COT sharing and multi-slot consecutive transmissions
[bookmark: _Ref111224581]Observation 10: Multi-slot consecutive transmissions, and priority and reservation information based COT sharing can increase UPT significantly compared to baseline. This is because the proposed schemes can effectively increase the probability that a high-priority traffic to obtain a COT as soon as possible.
7 Evaluation methodology
According to the discussion on evaluation methodology at RAN1#109 meeting [4], some preliminary agreements have been reached on the main simulation scenarios and parameters. In order to reduce effort on repeated discussion on evaluation methodology of SL-U, we can further finalize some details based on latest proposal from FL.
	Proposal 1 (XII)
The followings, two evaluation scenarios can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT (commercial scenario only) in a shared channel.
· Scenario 1 (commercial use cases) – recommended:
· Evaluation methodology baseline is NR-U from TR 38.889 with the following updates.
· Indoor layout 
· Option 1: a pairs topology for SL-U from R1-2205033 – recommended
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· a = 20m, b = 60m, c = 20m, d = 80 m
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is Wi-Fi or NR-U. (Note, one round of simulations targets SL-U vs. Wi-Fi and another one targets SL-U vs. NR-U)
· For NR-U / Wi-Fi, the same number of UEs / Wi-Fi nodes as the total number of SL-U devices are dropped in the area. The NR-U UE / Wi-Fi nodes are dropped uniformly per gNB/AP per 20 MHz.
· For evaluation of unicast traffic, the topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area
· For SL-U pairs: 3, 5 or 10 pairs of UEs per 20MHz
· For evaluation of groupcast traffic, SL-U UEs are dropped uniformly at random in the area, SL-UEs form groupcast UE group based on TX-RX UE distancing, the distance is provided by each company. 6, 10 or 20 UEs per 20MHz is assumed.
· For evaluation of broadcast traffic, SL-U UEs are dropped uniformly at random in the area. 6, 10 or 20 UEs per 20MHz is assumed.
· Option 2: SL UE clusters (R1-2203146)
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· Indoor layout and UE dropping model with N = 6 or 12 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· Channel model follows NR InH Mixed Office model used in NR-U (TR38.889)
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 8)
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
· Interference model: 
· Layout option 1: Explicit modelling of NR-U / WiFi transmissions (as per TR38.889)
· Layout option 2: Same as layout option 1, but optional modelling
· Note, for the interference traffic model: 
· The same or equivalent traffic model setting as SL-U should be used as much as possible to achieve equal load (e.g., SL-U RAT offered load equal the interfering RAT’s offered load). 
· The same number of traffic flows should be used between SL-U and the interfering RAT (e.g., 10 UEs with 10 flows, and 5 STAs with 2 flows each, one for DL and one for UL)
· Performance metric: UPT, latency, and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. FFS: UE satisfaction/system capacity as section 7.2 in TR 38.838 for XR traffic evaluation
· Fair coexistence criterion between SL-U and the interfering RAT (e.g., according to NR-U TR38.889)
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· FFS: how to model NR-U and Wi-Fi hotspot interference (including their traffic and channel models) is not modelled for highway and, at least for, urban it is up to companies how to implement the interference model
· FFS: Performance metric: PRR and PIR (V2X)


About UE dropping model, option 2 is a typical indoor scenario, where the UE are dropped by cluster, and about the traffic model, considering that the operation of Rel-18 sidelink over unlicensed spectrum is motivated to support high data rate transmission, devices can be dropped as one cluster in the indoor scenario, and the central controller in the cluster can communicate with multiple smart devices. About performance metric, PRR is an important performance metric which can reflect the performance directly, and the packet whose delay exceeding the remaining PDB as transmission failure, UPT and latency can be reused from NR-U. Moreover, we'll give the details of the interference model.
7.1 Interference
For Wi-Fi APs and STAs, which uses the same resources as SL-U, and for Wi-Fi APs and STAs, considering that the WiFi of 802.11ac is used for interference in our simulation, and don’t have capability of transmitting XR traffic, and thus only one type of FTP traffic is carried in simulation. Specifically, to ensure that the load of the SL-U and the load of WiFi are consistent, the load of the WiFi is obtained by means of conversion according to loads of all UEs in the SL-U. 

Where  and  are the number of FTP in SL-U and FTP in WiFi,   and  are the Poisson arrival rate of FTP in SL-U and WiFi.
7.2 Coexistence study and cross-RAT performance evaluation.
As per WID, given that SL-U reuses NR-U channel access design which has already undertaken coexistence study, no repeated study is needed for SL-U in Rel-18. In addition, performance evaluation on SL-U v.s. Wi-Fi/NR-U is not required per WID.
7.3 Bandwidth
Simulation bandwidth of 20MHz and 80MHz is supported in NR-U, considering that the SL-U needs to transmit a high-rate traffic, so 80MHz is recommended.
7.4 Summary of proposed simulation parameters
Based on discussions about evaluation methodology, simulation parameters are summarized in the following table:
Table 1  Summary of proposed simulation parameters
	UE dropping model
	[image: 捕获]
Indoor layout and UE dropping model with 3clusters and each with 5 UEs.
Each cluster is a circle, with a central point and radius Rmax = 15 and Rmin = 5.
No overlapping among the N clusters.

	Traffic model
	Reuse cloud gaming traffic model defined in TR 38.838.
Reuse FTP3 traffic model defined in TR 36.889.

	Interference model
	Explicit modelling of WiFi transmissions;
The same number of traffic flows and load between SL-U and WiFi;

	Channel Model
	Reuse InH Mixed Office model in NR-U defined in TR 38.901

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

	Simulation Bandwidth
	80MHz

	Performance metric
	Support using Rel-16 PRR for Rel-18 SL-U with further clarification that for a packet of which delay exceeding a given PDB, the packet is regarded as transmission failure.
Reuse performance metrics UPT and latency defined in TR36.889.


We propose to use latest proposal from FL (XII) in RAN1#109-e as a baseline for way forward to further finalize simulation assumptions for evaluation of SL-U in Rel-18.
[bookmark: _Ref110415145]Proposal 16: The followings, two evaluation scenarios can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT in a shared channel.
· Scenario 1 (commercial use cases) – recommended:
· Evaluation methodology baseline is NR-U from TR 38.889 with the following updates.
· Indoor layout 
· Option 1: a pairs topology for SL-U from R1-2205033 – recommended
[image: ]
· a = 20m, b = 60m, c = 20m, d = 80 m
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is Wi-Fi or NR-U. (Note, one round of simulations targets SL-U vs. Wi-Fi and another one targets SL-U vs. NR-U) 
· For NR-U / Wi-Fi, the same number of UEs / Wi-Fi nodes as the total number of SL-U devices are dropped in the area. The nodes are dropped uniformly per gNB/AP per 20 MHz
· For evaluation of unicast traffic, the topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area
· For SL-U pairs: 3, 5 or 10 pairs of UEs per 20MHz
· For evaluation of groupcast traffic, SL-U UEs are dropped uniformly at random in the area, SL-UEs form groupcast UE group based on TX-RX UE distancing, the distance is provided by each company. 6, 10 or 20 UEs per 20MHz is assumed.
· For evaluation of broadcast traffic, SL-U UEs are dropped uniformly at random in the area. 6, 10 or 20 UEs per 20MHz is assumed.
· Option 2: SL UE clusters (R1-2203146)

[image: 捕获]
· Indoor layout and UE dropping model with N = 3 or 6 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· For coexistence, there are two operators to model two RATs at a time, where the red one is Wi-Fi or NR-U gNB. NR-U UE / Wi-Fi nodes are dropped uniformly per gNB/AP.

· Channel model follows NR InH Mixed Office model used in NR-U (TR38.889)
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 8)
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
· Interference model: 
· Layout option 1: Explicit modelling of NR-U / WiFi transmissions (as per TR38.889)
· Layout option 2: Same as layout option 1, but optional modelling
· Note, for the interference traffic model: 
· The same or equivalent traffic model setting as SL-U should be used as much as possible to achieve equal load. 
· The same number of traffic flows should be used between SL-U and the interfering RAT (e.g., 10 UEs with 10 flows, and 5 STAs with 2 flows each, one for DL and one for UL)
· Simulation bandwidth: 80 MHz
· Performance metric: UPT, latency, and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. FFS: UE satisfaction/system capacity as section 7.2 in TR 38.838 for XR traffic evaluation
· Fair coexistence criterion between SL-U and the interfering RAT (e.g., according to NR-U TR38.889)
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· FFS: how to model Modelling of  NR-U and Wi-Fi hotspot interference (including their traffic and channel models)
· FFS: Performance metric: PRR and PIR(V2X)

8 Conclusions 
In this contribution, channel access procedures including COT sharing, LBE and FBE for NR-U and resource allocation Mode 1 and Mode 2 for NR sidelink are supported for SL-U. Further details on feasibility and conditions need to be studied including COT sharing conditions, Short Control Signaling applications and resource reservation mechanisms. Evaluation methodology for sidelink unlicensed operation is proposed on UE deployment, UE dropping model and traffic model. We have following observations and proposals:

Observation 1: Transmitting PSFCH as Short Control Signaling may violate regulations in some cases and result in performance loss on SL HARQ.

Observation 2: Based on regulation, there are no restrictions on the applicable channels/signals and number of UEs to share one COT granted by an initiating UE.

Observation 3: Since selecting the same resource by different UEs is inevitable and the LBT of different UEs could succeed on the same slot, transmission collision could happen between different UEs.

Observation 4: For the initiating COT UE, the transmission of low priority PSSCH may block that of high priority PSSCH if NR-U design on channel access of CG-PUSSH is reused without further enhancements.

Observation 5: For a typical initiating COT UE’s transmission collision in SL-U, transmitting CPE in advance according to priority can effectively avoid transmission conflict and has clear performance gain in terms of UPT.

Observation 6: For a COT initiating UE with resource reservation, the inter-UE blocking issue cannot be solved if NR-U design is reused without further enhancement.

Observation 7: There will be inter-UE blocking issue if multiple UEs need to be shared resource with FDM on the same slot within the initiating UE’s COT.

Observation 8: If the legacy resource allocation mode 1 and mode 2 are reused without any enhancements, there might be an inter-UE blocking issue, i.e., some UEs’ transmissions may cause other UEs’ LBT failure and unable to transmit on scheduled/configured/reserved resources, resulting in low resource utilization and decreased system performance

Observation 9: For SL-U mode 2 sensing-based resource selection, different triggering time of LBT, i.e., triggering before resource selection, triggering at the same time or triggering after resource selection, shows little difference in terms of selected resources for transmission.

Observation 10: Multi-slot consecutive transmissions, and priority and reservation information based COT sharing can increase UPT significantly compared to baseline. This is because the proposed schemes can effectively increase the probability that a high-priority traffic to obtain a COT as soon as possible.

Proposal 1: Channel access type(s) (Type 1 and Type 2) are applied  for all SL channels/signals
· For a UE initiating a COT, type 1 is used
· For a UE sharing a COT and required gap duration satisfied, type 2 can be used.

Proposal 2: Regarding CAPC table for SL.
· UL CAPC table is used as baseline.
· DL CAPC table can also be used at least when inter-UE coordination is used, where UE-A can be regarded as a supervising UE.

Proposal 3: A PQI-CAPC mapping should be discussed and defined in RAN2 similar as 5QI-CAPC mapping in NR-U, and no particular CAPC value is assigned to specific channels/signals in physical layer

Proposal 4: Further study whether/when/how S-SSB can be transmitted as Short Control Signaling considering aspects including feasibility and benefits.

Proposal 5: In SL-U, a COT can be shared to any SL channels/signals and either single or multiple associated UEs.

Proposal 6: In SL-U, a COT sharing indication is transmitted by the COT initiating UE to share the COT, and only the UE(s) granted by the COT sharing indication could use the shared COT.

Proposal 7: COT indication includes the following contents as follows.
· COT length: to indicate the length of initiated COT owned by the initiating UE;
· COT structure information: to indicate specific time-frequency resources;
· UE ID related information: for associated UE(s) to transmit within the shared COT.

Proposal 8: CPE is applied right before any SL channel and signal transmission, and the CPE length is determined as follows
· When the UE initiates a COT by itself: 
· if the SL transmission occupies all the RBs of an RB set, the CPE length depends on priority such that lower priority value results in larger CPE length
· If the SL transmission occupies fewer than all the RBs of an RB set, the same CPE length is used
· 	Otherwise, the CPE length is indicated by the COT initiating UE.

Proposal 9: Downlink multiple channel access procedure(s) Type A and Type B in NR-U should be reused for SL-U, and semi-static multiple channel access procedure(s) can be supported in SL-U. 
· Both Type A and Type B multiple channel access procedures can be applied in SL mode 1 and mode 2 operation.

Proposal 10: For mode 1, a COT initiating UE can share a COT to other UEs according to DG/CG by gNB 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 11: Timing of performing LBT and resource selection, as well as timing relationship between them is up to UE implementation with the following restrictions:
· Selected resources can only be used if LBT is successful
· Resources reselection is required if LBT fails

Proposal 12: For mode 2, sensing-based resource selection should take into account whether selected resources will block channel access of other UEs for PSSCH transmission with higher priority.

Proposal 13: For Mode 2 sensing and resource exclusion procedure within a COT initiated by a UE,
• The UE can use candidate resources reserved by other UE of which transmission priority is lower than that of its own transmission.
· FFS: details
• The UE cannot use the candidate resources reserved by other UE of which transmission priority is higher than that of its own transmission.
· FFS: detail

Proposal 14: For mode 2, sensing-based resource selection should consider whether selected resources will be blocked by Type 1 channel access for its PSSCH transmission.

Proposal 15: Within a COT, consecutive slots should be selected by an initiating UE and shared UEs if any

Proposal 16: The followings, two evaluation scenarios can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT in a shared channel.
· Scenario 1 (commercial use cases) – recommended:
· Evaluation methodology baseline is NR-U from TR 38.889 with the following updates.
· Indoor layout 
· Option 1: a pairs topology for SL-U from R1-2205033 – recommended
[image: ]
· a = 20m, b = 60m, c = 20m, d = 80 m
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is Wi-Fi or NR-U. (Note, one round of simulations targets SL-U vs. Wi-Fi and another one targets SL-U vs. NR-U) 
· For NR-U / Wi-Fi, the same number of UEs / Wi-Fi nodes as the total number of SL-U devices are dropped in the area. The nodes are dropped uniformly per gNB/AP per 20 MHz
· For evaluation of unicast traffic, the topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area
· For SL-U pairs: 3, 5 or 10 pairs of UEs per 20MHz
· For evaluation of groupcast traffic, SL-U UEs are dropped uniformly at random in the area, SL-UEs form groupcast UE group based on TX-RX UE distancing, the distance is provided by each company. 6, 10 or 20 UEs per 20MHz is assumed.
· For evaluation of broadcast traffic, SL-U UEs are dropped uniformly at random in the area. 6, 10 or 20 UEs per 20MHz is assumed.
· Option 2: SL UE clusters (R1-2203146)
[image: ]
· Indoor layout and UE dropping model with N = 3 or 6 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· For coexistence, there are two operators to model two RATs at a time, where the red one is Wi-Fi or NR-U gNB. NR-U UE / Wi-Fi nodes are dropped uniformly per gNB/AP.
[image: 捕获]
· Channel model follows NR InH Mixed Office model used in NR-U (TR38.889)
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 8)
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
· Interference model: 
· Layout option 1: Explicit modelling of NR-U / WiFi transmissions (as per TR38.889)
· Layout option 2: Same as layout option 1, but optional modelling
· Note, for the interference traffic model: 
· The same or equivalent traffic model setting as SL-U should be used as much as possible to achieve equal load. 
· The same number of traffic flows should be used between SL-U and the interfering RAT (e.g., 10 UEs with 10 flows, and 5 STAs with 2 flows each, one for DL and one for UL)
· Simulation bandwidth: 80 MHz
· Performance metric: UPT, latency, and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. FFS: UE satisfaction/system capacity as section 7.2 in TR 38.838 for XR traffic evaluation
· Fair coexistence criterion between SL-U and the interfering RAT (e.g., according to NR-U TR38.889)
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· FFS: how to model Modelling of  NR-U and Wi-Fi hotspot interference (including their traffic and channel models)
· FFS: Performance metric: PRR and PIR(V2X)
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Appendix 
[bookmark: _Ref110350962][bookmark: _Ref110350959]Table 2: Summary of simulation assumptions for SL-U indoor scenario 
	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	80 MHz

	SCS
	30KHz

	UE dropping model
	[image: 捕获]
Indoor layout and UE dropping model with 3 clusters and each with 5 UEs.
Each cluster is a circle, with a central point and radius Rmax = 15 and Rmin = 5, where UEs are randomly dropped within the circle.
No overlapping among the 3 clusters.

	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
	Mixed traffic mode for SL-U:
· XR: cloud gaming traffic model (8Mbps for DL) and pose/control traffic model (UL) defined in TR 38.838. 
· FTP: FTP 3 as in TR 38.889  
Single traffic model for Wi-Fi:
· FTP: FTP 3 as in TR 38.889  

	Interference Model
	3APs and 15 STAs, where each AP serves 5 STAs
Same flows and load as SL-U.

	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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