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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
The revised WID for NR sidelink evolution has been approved in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
	1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we will discuss the channel access mechanisms for sidelink on unlicensed spectrum.
2. Discussion on LBE
[bookmark: _Ref47611271][bookmark: _Ref47611245]Load based Equipment (LBE) is a very flexible scheme that enable devices to access the channel fairly with different priorities and different MCOTs. It is widely adopted in many regions in sub-7GHz as channel access mechanism.
LBE performs LBT with backoff mechanism, i.e., Type 1 channel access procedure. Device can transmit whenever the channel is sensed as idle. When the channel is sensed as busy during the LBT procedure, device can continuously perform CCA until the selected backoff counter reaches zero. LBE has no fixed frame structure. The channel occupancy time depends on the channel access priority class. One example is shown in Table 1, which is used in NR-U for UL transmission. When device accesses the channel with low priority, e.g., p=4, the MCOT may be 6ms or 10ms depending on if any other RATs are available. If important information needs to be transmitted, device can use a higher priority to access the channel, e.g., p=1. In the case, the maximum contention window size is very small, i.e., 7, thus the LBT procedure is expected to succeed quickly, at the cost of shorter MCOT compared with that of lower channel access priority classes.
[bookmark: _Ref101715244]Table 1: Channel Access Priority Class (CAPC) for UL
	Channel Access Priority Class ()
	
	
	
	
	allowed  sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms or 10 ms 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms or 10 ms
	{15,31,63,127,255,511,1023}

	NOTE1:	For ,  if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise, . 
NOTE 2:	When  it may be increased to  by inserting one or more gaps. The minimum duration of a gap shall be . The maximum duration before including any such gap shall be . 


In the following sections, the remaining details of LBE when operating in SL-U are discussed.
2.1. [bookmark: _Ref110849550]LBT procedure 
	109 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.


There are 4 types of channel access procedures in unlicensed band, i.e., Type 1, Type 2A, Type 2B and Type 2C. Type 1 channel access is a channel access procedure with backoff mechanism. Type 1 channel access procedure can be applied to any transmission on the unlicensed spectrum to initiated a COT. Type 2A channel access procedure can be applied to discovery burst transmission or transmissions within a shared COT where gaps between two transmissions are larger than 25us. Type 2B and Type 2C channel access procedures are applied to transmissions within the shared COT where gaps between two transmissions are 16us or less than 16us. 
For SL transmission, UE can apply Type 1 channel access procedure to access the channel for PSCCH/PSSCH. The UL CAPC can be used as baseline for SL transmissions.  With this assumption, UE can use a unified scheme to access the channel before performing UL transmission and SL transmission. When the UL CAPC is reused, the sidelink priority can be used to indicate the CAPC priority. Nevertheless, given that the ranges are different between sidelink priority (1 ~ 8) and CACP (1 ~ 4), the mapping rule between the sidelink priority and CAPC needs further study. 
Further, to enhance channel access probability, Type 2A channel access procedure can be considered. For example, for PSFCH transmission, which contains only feedback information and with only 2 symbols, Type 2A channel access can be considered to enhance the channel access possibility. Similarly, for S-SSB transmission, Type 2A may also be considered to enhance the channel access possibility. 
Moreover, for PSCCH/PSSCH/PSFCH transmission, Type 2A/2B/2C channel access can be considered when sharing a COT from another UE for transmission, e.g., Tx UE#1 accesses the channel with Type 1 channel access procedure, and Tx UE#2 transmit PSCCH/PSSCH/PSFCH within the shared COT with Type 2A/2B/2C channel access procedure depending on the gap between the SL transmission from UE#2 and UE#1.
[bookmark: _Ref102151235][bookmark: _Ref102151237]Proposal 1: UL CAPC can be considered as baseline for SL transmission.
[bookmark: _Ref111233493]Proposal 2: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
[bookmark: _Ref102151238]Proposal 3: Support Type 2A/2B/2C channel access for PSCCH/PSSCH/PSFCH in case of COT sharing between UEs.
For Type 1 channel access, the CWS should be adjusted according to the feedback of the transmissions in a reference duration. However, the CWS adjustment mechanism cannot be directly reused in SLU. There are some SL transmissions without feedback or with feedbacks that are in different schemes from those in NRU. For example, with blind re-transmission, there will be no HARQ feedback, while for NACK-only groupcast transmission, Rx UE will only report NACK. For ACK/NACK based groupcast transmission, Tx UE will receive multiple feedbacks from different Rx UEs for a same TB. Therefore, the CWS adjustment should be carefully studied for SLU.
[bookmark: _Ref111218980]Proposal 4: The CWS adjustment mechanism should be further studied by considering the SL transmissions without feedback or with special feedbacks.
2.2. [bookmark: _Ref111130900]LBT procedure v.s. mode 2 
	109 Agreement
· 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 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


In RAN1#109e e-meeting, it has been agreed that existing SL mode 2 resource allocation are supported as baseline for sidelink operation in a shared carrier, and the enhancements due to shared spectrum channel access should be further studied. In order to reuse the existing resource allocation scheme and reduce the workload as much as possible, it is better to perform mode 2 resource selection firstly, and then to complete the LBT procedure before the SL transmission. 
[bookmark: _Ref111217487]Proposal 5: The SL UE performs mode 2 resource selection firstly, and then complete the LBT procedure before the SL transmission.
By this way, the reserved resource can be used for SL transmission as in licensed band, when LBT succeeds. Nevertheless, it is possible that SL transmission cannot be performed in the reserved resource when LBT failure occurs before the transmission resource. Hence, the SL resource allocation should be enhanced considering the potential LBT failure. There are several reasons for which the LBT failure may occur, e.g.,
· a) There is no sufficient absolute time for the UE to finish the LBT procedure before the transmission resource.
· b) LBT sensing idle time requirements cannot be met due to busy channel detection.
· c) There is a time gap between the end of LBT procedure and the start of the SL transmission resource 
Discussion on reason a)
Regarding the insufficient LBT duration, the mode 2 resource selection can be enhanced to guarantee the time gap between slot n (where resource selection is triggered) and the slot of transmission resource, or between any two transmission resources, is larger than the minimal/remaining LBT duration for the UE, which can be determined based on, e.g., the value of the LBT counter. 
[bookmark: _Ref111217490]Proposal 6: The mode 2 resource selection should be enhanced to guarantee sufficient LBT duration before the SL transmission resource(s).
Discussion on Reason b)
Regarding the busy channel detection, UE detects channel busy if there are any other transmissions exceeding the energy detection threshold during the LBT duration, including other SL UEs that originally may be multiplexed in the channel with the transmitting UE, e.g., in FDM manner. Such issue is also called as inter-UE blocking. The inter-UE blocking issue severely reduces the probability for SL UE to access the channel using LBE, and consequently dramatically degrade the spectrum efficiency as well as NR SL performance. For example, as illustrated in Figure 1, when each SL transmission occupies only a part of the frequency resource, the inter-UE blocking issue may prevent the UEs to multiplex together. Consequently, if one UE is going to perform SL transmission, the UE has rare change to access the channel since it always detects channel busy.
[image: ]
[bookmark: _Ref102151624]Figure 1 inter-UE blocking
To mitigate the inter-UE blocking issue between SL UEs, there would be multiple solutions as following:
· Alt.1: TDM transmissions for SL UEs, i.e., each SL transmission occupies the whole bandwidth. However, this approach requires a brand-new resource allocation mechanisms and physical layer structure designs for NR SL, and the resource efficiency may be reduced compared with FDMed transmissions.
· Alt.2: LBT mechanism is applied only to avoid transmission collision from other RAT/system(s), i.e., when SL UE detects another SL UE’s transmission in LBT procedure, the UE can still deem channel free.
Some preliminary evaluations are performed to show effectiveness of the above solution Alt.2 to address the inter UE blocking issue. In the simulation, SL UE deems LBT failure only if the UE detects WIFI transmission during the LBT duration. From Figure 1, it can be observed that, when Alt.2 is used (i.e., mode 2 with enhanced LBT), the performance of LBE based channel access increase significantly. 

Figure 2 System performance for enhanced LBT
[bookmark: _Ref102151245]Proposal 7: SL UE deems channel busy only if the UE detects transmission other than SL occupying the channel (e.g., exceeding the energy detection threshold) during the LBT duration, i.e., the energy detection in LBT procedure does not take into account the SL transmissions.
Discussion on reason c)
Similar as NR-U, it is assumed that UE implementation decides the start time of the LBT procedure and UE may hold on the LBT procedure when detecting a busy channel, thus the end of LBT procedure is not predictable by the UE, that is why there may be a gap between the end of LBT procedure and the start of the SL transmission resource. 
[bookmark: _Ref111217494]Proposal 8: UE implementation decides the start time of the LBT procedure and UE holds on the LBT procedure when detecting a busy channel.
When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, UE may either fill the gap by dummy transmission or delay the LBT procedure until the start of the transmission resource. Considering the resource efficiency, it is preferred to delay the LBT procedure, i.e., apply a 25us deferred LBT before the SL transmission resource, similarly as that in NR-U. Then, SL UE can still perform transmission on the resource if the deferred LBT succeed. However, the deferred LBT may fail as well, then UE has to hold on the TB transmission until next selected/reserved PSCCH/PSSCH.
[bookmark: _Ref111217495]Proposal 9: When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, the UE apply a 25us deferred LBT before the SL transmission resource.
To increase the TB transmission reliability, it can be assumed that the transmission resource is selected as early as possible to approach the end of the LBT procedure, so that if the deferred LBT failed, the UE has sufficient time to continue another LBT procedure to transmit the TB within its PDB.    
[bookmark: _Ref111217497]Proposal 10: For mode 2, the transmission resource should be selected as early as possible to approach the end of the LBT procedure.
2.3. LBT procedure v.s. mode 1 
	109 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
· 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


In R16 mode 1, the gNB can allocate 1~3 PSSCH resources to the UE via a unicast SL DCI. When the mode 1 resource allocation mechanism is reused on unlicensed band, the UE can start the LBT before the first allocated resource or before each allocated resource separately.
[bookmark: _Ref111233539]Observation 1: If (pre-)configured, a mode-1 UE should perform LBT for the scheduled resources, and start transmission only after it successfully accesses to the channel.
The first aspect that needs to be discussed is whether the LBT type as well as the priority class is indicated by the gNB or determined by the scheduled UE. In R16 SL, gNB has no information of the priority of data transmitted in the scheduled resources, and UE determines the data mapped on the resource based on the LCP configuration. Similarly, if it is up to UE to select the data to transmit as well as LBT mechanism to use in SL-U, then the UE should at least ensure that the COT obtained after access is long enough to contain the scheduled resource. Further, in addition to the scheduled resources, the COT may contain additional time resources that can be used by the UE for transmission or sharing. If UE uses the additional resource for transmission, it needs to be clarified whether these additional resources must be used to transmit the same TBs as the scheduled ones or not.
[bookmark: _Ref111217498]Proposal 11: For mode-1 UE, it should be clarified if LBT type as well as the priority class is decided by gNB or up to UE implementation.
[bookmark: _Ref111217500]Proposal 12: For mode-1 UE, if the obtained COT includes additional resources other than the scheduled resources, how to exploit these resources should be defined.
If there is strong interference in the vicinity of the scheduled UE, the UE may fail to access the scheduled resources. In order to increase the possibility of channel access, gNB may schedule a same set of resources for more than one UEs. UEs with less severe interference have a higher possibility to access the resources, and it can share the obtained COT with other UEs in the group.
[bookmark: _Ref111217501]Proposal 13: For mode-1 UE, gNB can schedule a set of resource to a group of UE, where the UE in the group can perform LBT for the scheduled resources and possibly COT sharing between UEs.
If the LBT successes/fails, whether/how the gNB should be notified of the LBT outcome should be investigated. UE can report the LBT result to help gNB to better understand the statues of the SL scheduling. A straightforward approach is that if the LBT fails, a NACK is reported. A disadvantage of this approach is that gNB may misinterpret the NACK as an outcome of de-prioritization of PSSCH transmission/PSFCH reception, or PSSCH decoding failure of the peer UE, which then leads to improper or ineffective scheduling. An alternative solution is to indicate LBT result and SL HARQ-ACK separately. In this case, a dedicated resource or sub-codebook is needed for LBT result indication.
[bookmark: _Ref111217505]Proposal 14: For mode-1 UE, reporting of LBT result for the scheduled grant is supported.
2.4. COT sharing mechanism 
	109 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


In NRU, there are two types of COT sharing mechanism. One is that UE shares the gNB-initiated COT, while the other is that gNB shares the UE-initiated COT. Since there is no COT sharing mechanism between UEs in NRU, RAN1 should study how to enable UE-to-UE COT sharing mechanism. The UE-to-UE COT sharing mechanism basically applies the same regulation rule, i.e., the LBT type of the responding UE depends on the gap between the transmission from the initiating UE and the transmission from the responding UE. All types of the SL transmission can be transmitted in a shared COT, e.g., PSCCH/PSSCH, PSFCH and S-SSB, as long as the priorities of these transmissions are equal to or higher than that of the transmission which initiates the COT. 
Specifically,for S-SSB transmission, it is worth noting that since Rel-16, UEs with the same synchronization reference share the same synchronization resource(s) for S-SSB transmission or reception. Therefore, when UE1 fails to access on a synchronization resource for S-SSB transmission but detects an S-SSB from another UE using the same synchronization source during the LBT procedure, UE1 can share this “S-SSB COT” (initialized by other SL UEs having the same synchronization source) to transmit S-SSBs on subsequent SSB candidates that are right next to the detected S-SSB.
[bookmark: _Ref111217506]Proposal 15: All the SL transmissions can be transmitted within the shared COT.
[bookmark: _Ref111217509]Proposal 16: When a UE is intended to transmit S-SSB, it can directly transmit S-SSBs on subsequent SSB candidates after detecting a S-SSB from another UE with the same synchronization reference.
According to the regulation, an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current Operating Channel within the current COT. In SL transmission, the SCI can and should be received by all the surrounding SL UEs at least for resource selection, thus it can be considered as a grant to authorize the sharing of the COT by Tx UE. In other words, all the other SL UE receiving the SCI should be allowed to transmit to the Tx UE in the Tx UE-initiated COT, i.e., to share the COT. Besides, since in SL, the initiating device and responding device are all UEs, there is no need to further enhance the UE-to-UE COT sharing ED threshold.

[bookmark: _Ref102151240]Proposal 17: Tx UE can share COT to all the SL UEs that receive the SCI.
[bookmark: _Ref111217512]Proposal 18: No enhancement on the UE-to-UE ED threshold is needed.
As we mentioned in section 2.2, the LBT procedure should be completed after the mode 2 resource selection. However, when the Rx UE shares a COT initiated by the Tx UE, it may not have selected resources in the shared COT.  Thus, the shared COT may be wasted owing to no selected resources for transmission. In order to fully and quickly use the shared COT, the enhancement of resource selection in shared COT needs further study.
[bookmark: _Ref111217514]Proposal 19: The enhancement of resource selection mechanism in shared COT needs further study.
2.5. [bookmark: _Ref102150311]Longer channel occupation duration
	109 Agreement
· 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
109 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 unlicensed spectrum, a UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than . Transmissions from a UE separated by a gap of more than 16 us are considered as separate UL transmission bursts. A UE can transmit transmission(s) after a gap within a UL transmission burst without sensing the corresponding channel(s) for availability. For SL transmissions on unlicensed spectrum, same regulation should be applied. With the current structure for SL transmissions, there will be a gap symbol after each SL transmission. Even for 60KHz SCS, one symbol is larger than 16us. Therefore, according to the regulation, SL UE needs to perform LBT to initiated a COT for each transmission, which obviously reduces the transmission efficiency. In order to enhance the transmission efficiency, it is beneficial for SL UE to transmit continuously in unlicensed spectrum. 
The simulation results in Figure 3 show that the introduction of the multi-slot resource reservation mechanism in the mode 2 can improve the throughput of the UE by 16%. Therefore, multi-consecutive slots transmission should be supported in SL-U

[bookmark: _Ref111217340]Figure 3 System performance for multi-slot transmission
[bookmark: _Ref111217686]Observation 2: Introducing multi-consecutive slots transmission in mode 2 can improve the throughput of the UE by 16% can improve the system throughput by 11%.
[bookmark: _Ref111217515][bookmark: _Hlk111215084]Proposal 20: Multi-consecutive slots transmission is supported in SL-U.
The unnecessary gaps, e.g., gaps between PSSCH or gap between PSSCH and PSFCH, etc., from the same SL UE can be filled to meet the transmission burst requirement as shown in Figure 4. The gap between two neighboring transmissions can be filled with CPE as in NRU. SL UE filling in the gap symbol should ensure the remaining gap in the gap symbol is less than or equal to 16 us, so that the neighboring transmissions can be treated as a transmission burst and transmit without additional LBT for the later SL transmissions within the transmission burst.


[bookmark: _Ref101691760]Figure 4 Continuous transmission
[bookmark: _Ref101701950]Proposal 21: Gaps between the SL transmissions from the same UE can be filled with CPE.

To achieve the consecutive SL transmission in a COT, resource allocation mechanism should be enhanced based on multi-consecutive slots, e.g., for mode 1, dynamic grant and configured grant should be able to schedule a set of consecutive slots; for mode 2, resource selection and resource reservation should be performed based on multi-slot candidate resource. For example, the set of single-slot candidate resource is SA selected by the physical layer as Rel-16/Rel-17, and reported to the MAC layer. Then MAC layer selects the proper multi-consecutive slot resources. As shown in Figure 4, the multi-consecutive slots resource selection achieves better performance in UPT compared with single-slot resource selection.
[bookmark: _Ref102151248]Proposal 22: Study how mode 1 and mode 2 resource allocation procedure is able to allocate a set of consecutive slots to SL UE.
2.6. [bookmark: _Ref102150314]Flexible channel access timing 
For transmission on unlicensed band, SL UE competes transmission opportunities with devices of other system(s). Since Rel-16/Rel-17 SL transmission is slot-based transmission, SL UE has chance to access the channel only when the devices of other system(s) stop transmissions before the slot starting boundary. 
In order to increase the chance for SL UE to get the transmission opportunities, more frequent channel access instants are beneficial for the SL system. One approach to achieve such purpose is to introduce multiple starting points for SL transmission, e.g., SL mini-slot, then SL UE can start transmission at any of the starting symbols. Another approach is to configure higher SCS for SL operation on unlicensed band.
Compared with configuring higher SCS, SL mini-slot can be used in relatively more scenario, e.g., when longer CP is required for large coverage. The use of mini-slot in mode 2 is simulated and the simulation results in Figure 7, which shows that introducing multiple start symbols (up to two per slot) in the SL transmission slots can improve the throughput by 11%. Therefore, introducing multiple starting symbols in a slot for SL transmission can be further investigated.

Figure 5 System performance for mini-slot transmission
[bookmark: _Ref102151381]Observation 3: Frequent channel access opportunities may help to increase the channel access change of SL, such as introducing multiple starting symbols in a slot for SL transmission (e.g., mini-slot based transmission), higher SCS configuration, etc.
[bookmark: _Ref111217710]Observation 4: For mode 2, introducing multiple start symbols (up to two per slot) in the SL transmission slots can improve the system throughput by 11%.
However, introducing multiple starting symbols in a slot for SL transmission may have many issues to be resolved. For the design of the enhanced slot structure, the legacy slot structure should be maximumly reused to meet SL transmission requirement, i.e., the starting symbol should contain ACG signal, and the ending symbol should contain gap. When it comes to mini-slot transmission, the location of the AGC and gap symbol needs further study. One option is to include the AGC symbol and gap symbol in each mini-slot. However, this will dramatically increase the overhead and reduce the resource efficiency. When there are continuous mini-slot transmissions within a slot, the gap symbol may not be necessary and the AGC symbol can also be saved for other transmission. Therefore, the location of the AGC symbol and the gap symbol may be included only when they are needed.
Moreover, PSCCH should be inserted in each mini-slot transmission opportunity to assist the data decoding, which requires the SL UE to perform additional PSCCH blind decoding in every transmission occasion. 
[bookmark: _Ref102151382]Observation 5: The AGC overhead and PSCCH decoding complexity would increase, when introducing multiple starting symbols in a slot or mini-slot based transmission for SL transmission.
[bookmark: _Ref111217547]Proposal 23: The location of the AGC symbol and the gap symbol within the mini-slot needs further study.
Furthermore, when SL transmission can be FDMed within 20MHz bandwidth, the transmission starting from different starting symbols may block each other, i.e., a SL transmission in frequency resource #1&starting symbol#1 will block the SL transmission in frequency resource #2&starting symbol#2. Such inter-UE blocking issue should be addressed when introducing multiple starting symbols in a slot for SL transmission. 
[image: ] 
Figure 6 inter-UE blocking when introducing multiple transmission starting point per slot 
[bookmark: _Ref102151384]Observation 6: SL transmission starting from an earlier starting symbol of a given slot would block the SL transmission starting from a later starting symbol in the same slot.
3. Discussion on FBE 
FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., especially where LBE equipment are absent. It has very short sensing time and fixed transmission starting position. The aligned Fixed Frame Periods (FFPs) among devices are beneficial to increase the spectrum efficiency by simultaneous transmissions from different devices. Considering that the applicable scenarios of FBE and LBE are different, FBE should also be supported besides LBE, which is already supported in NR-U. 
[bookmark: _Ref111217765]Observation 7: FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., and is beneficial to increase the spectrum efficiency.
Frame Based Equipment as shown in Figure 7 performs transmission/reception based on a frame structure that has a periodic timing with a periodicity equal to FFP, which is selected from {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}. The FFP includes Observation Slot, Channel Occupancy Time, and Idle Period. The Observation Slot shall have a duration of not less than 9 μs. The Channel Occupancy Time shall not be greater than 95 % of the FFP and shall be followed by an Idle Period until the start of the next FFP such that the Idle Period is at least 5% of the Channel Occupancy Time, with a minimum of 100 μs. 


[bookmark: _Ref111209610]Figure 7 FBE frame structure
Support of FBE based operation by SL UE requires much less design and specification efforts than LBE, thanks to the basic frame structure design of SL. For the SL operation based on FFP, the SL transmission should start from the beginning of a FFP, and SL transmission is not permitted in the end of a FFP. To follow such restriction, it can be assumed that the FFP is aligned with SL slot, i.e., assuming 1ms FFP length and 1ms SL slot length, thus all the PSCCH/PSSCH transmissions will start from the beginning of FFP, and gap symbol of a slot can meet the 5% idle period requirement. By this way the existing SL structure can be directly reused without changes. Moreover, the existing mode-2 resource allocation procedure can also be easily reused with a one-shot CCA during the gap symbol for channel access. 
[bookmark: _Ref111217767]Observation 8: Support of FBE requires much less design and specification efforts than LBE, Rel-16 SL PHY structure/procedure and resource allocation mechanism can be maximumly reused.
[bookmark: _Ref111217549]Proposal 24: For FBE based SL operation, the FFP can be aligned with SL slot. 
The comparison between FBE and LBE is simulated, assuming that only one of the FBE and LBE operation is used by SL UE (in mode 2 with single slot resource allocation). Noted that other system (i.e., WiFi) is present in both cases in the simulation. From the simulation results in Figure 8, it can be observed that FBE has a 16% improvement in throughput compared to LBE.

[bookmark: _Ref111218927]Figure 8 System level performance comparison between FBE and LBE
[bookmark: _Ref111217777]Observation 9: For SL UE in mode 2, FBE based operation has a 16% improvement in throughput compared to LBE based operation, assuming mode 2 with single slot resource allocation and WiFi is present.
[bookmark: _Ref111217550]Proposal 25: Support FBE based operations for SL transmission on unlicensed band.
4. Discussion on wideband operation 
In the RAN1 109 e-meeting, the following agreement has been approved.
	109 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


In NR-U, a gNB can access multiple channels on which transmission(s) are performed, according to one of the type A or type B downlink multi-channel access procedures. In type A multi-channel access procedure, the gNB shall perform type 1 LBT on each of the channels intended to transmit. While in type B, one channel is randomly selected by the gNB to perform type 1 LBT, while on the other channels, only few clear CCA intervals are required. 
On the other hand, for uplink wideband transmission, UE would perform type 1 LBT on the selected ‘primary channel’, and sense the other channels for at least a short interval before the transmission, which is similar with type B downlink multi-channel access procedure. 
The main difference between UL and DL procedures is that UE is scheduled to transmit on the determined resources in UL, while the gNB is responsible to perform resource selection by itself.
As SL mode 2 UE is also responsible to select suitable resources and then performs channel access procedure, the DL multi-channel access procedures from NR-U seems reasonable to be reused as a baseline for SL-U, especially considering that these two types of multi-channel access procedure can be applied to different scenarios. It can be up to UE implementation to support either of both mechanisms. On the other hand, for SL mode-1 at least the type B procedure can be the baseline similar to NR-U UL. 
[bookmark: _Ref111217551]Proposal 26: The downlink multiple channel access procedure(s) from NR-U should be used as a baseline in both SL mode 1 and mode 2 operation.
When SL UE performs wideband operation, if the LBT fails on any of the channel, the issue of whether the UE should not transmit the whole TB or should continue to transmit the TB on the channels that LBT succeeds, should be discussed. The option of not transmitting the whole TB, would waste the transmission possibility on the channels where LBT succeeds, and may prolong the transmission latency or even drop the packet. On the other hand, if SL UE continue to transmit, the UE should be able to transmit on a subset of channels that LBT succeeds, e.g., the part of the TB on the LBT failed channel(s) may be punctured. Therefore, how to deal with the problem if LBT only succeeds on a subset of the channels should be further studied.
[bookmark: _Ref111217674]Observation 10: How to deal with the problem if LBT only succeeds on a subset of the channels should be further studied.

	

[bookmark: _Ref111039116]Figure 9: The coexistence problem between different capability UEs


In SL unlicensed band, UE with different capabilities should be able to operate within the same resource pool. For example, in a typical commercial use case, a smartwatch should be able to communicate with the paired smartphone in the same unlicensed band. Noted that a watch is typically a power-limited UE supporting smaller bandwidth compared to a smartphone, i.e., only one RB set bandwidth (20MHz). When the smartphone indicates a wideband transmission with the SCI transmitted in the lowest RB set of PSSCH, the watch cannot receive the transmission if it locates in other RB sets. Furthermore, this may cause the resource collision problem because the watch cannot identify the resources reserved by the SCI in the other RB sets as Figure 9. This problem should be addressed for wideband transmission.  
[bookmark: _Ref111217830]Observation 11: The design of wideband operation in SL-U should support direct communication between a UE operating in multiple RB sets and another UE can only operate in one or subset of the RB sets.
In addition, SL-U should support intra-cell guard band as NR-U to decrease the interference between adjacent channels. Hence, when considering the index of subchannel and interlace, whether the guard band should be indexed within subchannel or interlace should be investigated. Furthermore, the indication of whether guard band is used to transmit should also be studied. 
[bookmark: _Ref111217831]Observation 12: Whether the guard band should be indexed within subchannel and interlace should be investigated.
5. Discussion on evaluation methodology 

	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

· 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)

· 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)


In RAN1#109e e-meeting, the draft proposal regarding evaluation methodology was largely accepted except some issues including the performance metric selection of evaluation methodology for unlicensed spectrum and the interference model of V2X use case. In the following, the controversial parts will be further discussed. 
For the commercial use cases, the main scenario of SL-U is indoor, where the target motivation is for higher throughput other than the transmission reliability. Therefore, the metric of PRR is not desirable for evaluating the system performance in this case. While considering the use case of outdoor V2X, PRR can be selected as one metric for evaluating the performance since both transmission validity and reliability needs to be considered.
[bookmark: _Hlk111223635]Regarding the metric of UPT, it has been defined in the evaluation for NR-U as “File throughput is calculated per file and user throughput is the average of all its file throughputs”. The UPT calculation method is based on the file transmission. However, resource reservation mechanism was introduced and the transmission of file may be discrete. Hence, the definition of UPT used for the evaluation in sidelink should be updated considering that the file transmission time includes the time gap between two reserved resource.
[bookmark: _Ref47364811][bookmark: _Ref101027627][bookmark: _Ref111224291]Proposal 27: PRR is not supported in the evaluation for commercial use case.
[bookmark: _Ref111224294]Proposal 28: PRR can be selected in the V2X use case.
[bookmark: _Ref111224321]Proposal 29: The metric of UPT should be updated considering that the file transmission time includes the time gap between two reserved resource.
Regarding the interference modelling in highway scenario of V2X use case, RSU can be seen as the WIFI hotspot. The channel model of V2R can be reused for the link of UE to WIFI hotspot. In the urban scenario, RSU deployed in the center of intersection can be replaced by the WIFI node, or alternatively, more WIFI hotspots that deployed along the sidewalk with an appropriate density, e.g., 50m, can be introduced to satisfy the coverage requirement of WIFI. Moreover, the deployment of pedestrian UE according to the evaluation methodology defined in TR37.885 can be considered for WIFI UE deployment, e.g., the pedestrian UE can be selected as the WIFI UE.
[bookmark: _Hlk100844994][bookmark: _Ref101027637]Proposal 30: For outdoor scenario of V2X use case, RAN1 should define deployment method for WIFI node and WIFI UE, e.g., the WIFI node is modelled as RSU and WIFI UE is modelled as pedestrian UE.
6. Conclusion
This contribution focus on the channel access mechanisms for sidelink on unlicensed spectrum, and providing the following observations and proposals:
Observation 1: If (pre-)configured, a mode-1 UE should perform LBT for the scheduled resources, and start transmission only after it successfully accesses to the channel.
Observation 2: Introducing multi-consecutive slots transmission in mode 2 can improve the throughput of the UE by 16% can improve the system throughput by 11%.
Observation 3: Frequent channel access opportunities may help to increase the channel access change of SL, such as introducing multiple starting symbols in a slot for SL transmission (e.g., mini-slot based transmission), higher SCS configuration, etc.
Observation 4: For mode 2, introducing multiple start symbols (up to two per slot) in the SL transmission slots can improve the system throughput by 11%.
Observation 5: The AGC overhead and PSCCH decoding complexity would increase, when introducing multiple starting symbols in a slot or mini-slot based transmission for SL transmission.
Observation 6: SL transmission starting from an earlier starting symbol of a given slot would block the SL transmission starting from a later starting symbol in the same slot.
Observation 7: FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., and is beneficial to increase the spectrum efficiency.
Observation 8: Support of FBE requires much less design and specification efforts than LBE, Rel-16 SL PHY structure/procedure and resource allocation mechanism can be maximumly reused.
Observation 9: For SL UE in mode 2, FBE based operation has a 16% improvement in throughput compared to LBE based operation, assuming mode 2 with single slot resource allocation and WiFi is present.
Observation 10: How to deal with the problem if LBT only succeeds on a subset of the channels should be further studied.
Observation 11: The design of wideband operation in SL-U should support direct communication between a UE operating in multiple RB sets and another UE can only operate in one or subset of the RB sets.
Observation 12: Whether the guard band should be indexed within subchannel and interlace should be investigated.
[bookmark: _GoBack]
Proposal 1: UL CAPC can be considered as baseline for SL transmission.
Proposal 2: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
Proposal 3: Support Type 2A/2B/2C channel access for PSCCH/PSSCH/PSFCH in case of COT sharing between UEs.
Proposal 4: The CWS adjustment mechanism should be further studied by considering the SL transmissions without feedback or with special feedbacks.
Proposal 5: The SL UE performs mode 2 resource selection firstly, and then complete the LBT procedure before the SL transmission.
Proposal 6: The mode 2 resource selection should be enhanced to guarantee sufficient LBT duration before the SL transmission resource(s).
Proposal 7: SL UE deems channel busy only if the UE detects transmission other than SL occupying the channel (e.g., exceeding the energy detection threshold) during the LBT duration, i.e., the energy detection in LBT procedure does not take into account the SL transmissions.
Proposal 8: UE implementation decides the start time of the LBT procedure and UE holds on the LBT procedure when detecting a busy channel.
Proposal 9: When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, the UE apply a 25us deferred LBT before the SL transmission resource.
Proposal 10: For mode 2, the transmission resource should be selected as early as possible to approach the end of the LBT procedure.
Proposal 11: For mode-1 UE, it should be clarified if LBT type as well as the priority class is decided by gNB or up to UE implementation.
Proposal 12: For mode-1 UE, if the obtained COT includes additional resources other than the scheduled resources, how to exploit these resources should be defined.
Proposal 13: For mode-1 UE, gNB can schedule a set of resource to a group of UE, where the UE in the group can perform LBT for the scheduled resources and possibly COT sharing between UEs.
Proposal 14: For mode-1 UE, reporting of LBT result for the scheduled grant is supported.
Proposal 15: All the SL transmissions can be transmitted within the shared COT.
Proposal 16: When a UE is intended to transmit S-SSB, it can directly transmit S-SSBs on subsequent SSB candidates after detecting a S-SSB from another UE with the same synchronization reference.
Proposal 17: Tx UE can share COT to all the SL UEs that receive the SCI.
Proposal 18: No enhancement on the UE-to-UE ED threshold is needed.
Proposal 19: The enhancement of resource selection mechanism in shared COT needs further study.
Proposal 20: Multi-consecutive slots transmission is supported in SL-U.
Proposal 21: Gaps between the SL transmissions from the same UE can be filled with CPE.
Proposal 22: Study how mode 1 and mode 2 resource allocation procedure is able to allocate a set of consecutive slots to SL UE.
Proposal 23: The location of the AGC symbol and the gap symbol within the mini-slot needs further study.
Proposal 24: For FBE based SL operation, the FFP can be aligned with SL slot.
Proposal 25: Support FBE based operations for SL transmission on unlicensed band.
Proposal 26: The downlink multiple channel access procedure(s) from NR-U should be used as a baseline in both SL mode 1 and mode 2 operation.
Proposal 27: PRR is not supported in the evaluation for commercial use case.
Proposal 28: PRR can be selected in the V2X use case.
Proposal 29: The metric of UPT should be updated considering that the file transmission time includes the time gap between two reserved resource.
Proposal 30: For outdoor scenario of V2X use case, RAN1 should define deployment method for WIFI node and WIFI UE, e.g., the WIFI node is modelled as RSU and WIFI UE is modelled as pedestrian UE.
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Annex I
Table 2 System level simulation assumption
	Parameter
	Value

	Deployment
	Indoor

	Channel model
	P2P link defined in TR37.885

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Link adaptive
	Enable

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

	Traffic model for AP
	FTP, file size: 0.05M
traffic intensity：λ=0.1

	Channel access
	FBE, LBE

	Tx Power
	23 dBm

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

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

Figure 11 WIFI system throughput
UE Average Throughput

single slot	
1.2317	multi slot	
1.4293	Throughput(Mbps)




UE Average Throughput

slot based transmission	
1.2317	mini-slot transmission	
1.3557999999999999	Throughput(Mbps)




UE Average Throughput

LBE	
1.2317	FBE	
1.4339	Throughput(Mbps)




WiFi System Per AP Throughput 

wifi system 	&	 SL mini-slot	
5.8045999999999998	wifi system 	&	 SL multi-slot	
5.8243999999999998	wifi system 	&	SL  LBT without inter-UE blocking	
6.2609000000000004	



UE Average Throughput

LBT with inter-UE blocking	
1.2317	LBT without inter-UE blocking	
1.3453999999999999	Throughput(Mbps)
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