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[bookmark: _Ref513464071]Introduction
RAN approved new WID on sidelink evolution for release 18 to study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 operation [1]. In the RAN1#109e meeting, different aspects of channel access procedures were discussed, and the agreements are captured in [8]. In this contribution we discuss different aspects of channel access, resource allocation and evaluation methodology.
Discussion
Type 1 and Type 2 channel access procedures
Type 1 channel access:
In the last RAN1 meeting, channel access procedures for sidelink unlicensed were discussed. Most companies have similar view that RAN1 should focus on dynamic channel access before discussing the semi-static channel access. The following was agreed on the different types of LBE channel access:  
	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.



Type 1 channel access is used when the UE initiate its own COT and can use 4 channel access priority classes depending on the transmission characteristics. The UE selects a random number of additional sensing slots uniformly distributed between 0 and the CW, where CW is depending on the CAPC value. One of the FFS points is about which CAPC table from the existing specification should be used for Type 1 sildelink unlicensed channel access. We think that using DL CAPC table for SL U can give a slight advantage to sidelink UEs over NR U UEs. Based on the values of UL CAPC and DL CAPC tables in the TS 37.213, UL CAPC table have larger values of the allowed contention window sizes compared to the values of DL CAPC table for the same priority. For example, for DL CAPC=3, the set of allowed are {15,31,63} while for UL CAPC=3, the set of allowed are {15,31,63,127,255,511,1023}. Note that the set of allowed CW is used in the CW size adjustment procedure, where CW is increased to the next allowed value under some conditions. Larger values of CW implies that the channel access will take longer time. We therefore propose the following:
Proposal 1: UL CAPC table is re-used for Type 1 SL U channel access mechanism 
The CAPC value for a given grant can be indicated by the gNB for dynamic grant or the UE selects the CAPC based on the logical channels available for configured grant transmission. In NR-U, the MAC layer specifies how the UE associates logical channels to certain CAPC value. Similarly, RAN2 should specify how CAPC values are associated with logical channel and the relation with sidelink priority levels. 
Apart from sidelink priority level, we think that CAPC selection can be impacted by other factors. For example, the cast type can be considered when selecting channel access priority class. The broadcast transmission can have higher channel access priority compared to unicast transmission with similar sidelink priority level. Another factor that can impact CAPC selection is resource allocation mode i.e., whether Mode 1 or Mode 2 is used. To some extent, similar differentiating is adopted in NR-U, where there are two different CAPC tables one for UL and one for DL transmissions.
Proposal 2: It is up to RAN2 to determine the association between sidelink priority levels and CAPC values.    
Type 2 channel access:
With Type 2 channel access procedure, the UE senses the channel for a fixed duration for Type 2A/2B to determine if the channel is busy or not before it can transmit. For Type 2C, the UE does not sense the channel at all and transmits immediately. To limit the usage of those types of channel access procedures, 3GPP specification put some restrictions on when it can be used. One of the use cases of LBT Type 2 usage is used is COT sharing. A transmitter initiates a COT and share it with the receivers so they can transmit on the same COT. To be able to use Type 2A/2B channel access, a minimum gap is required the transmissions of different nodes. For example, to use LBT Type 2A in sidelink unlicensed, the Tx UE initiating the COT should leave a gap of at least 25us for the Rx UE to be able to transmit in the COT. For Type 2B, a minimum gap of 16us is required. In NR-U, the gNB indicates to the UE which LBT type to use within a shared COT based on its scheduling decision and the planned gap to leave between DL and UL transmissions. For SL-U, there are two options: option 1 is the UE initiating a COT to indicate which LBT type the Rx UE can use and option 2 is the UE initiating a COT will stop transmitting and Rx UE decides which LBT type to use depending on the gap between the two transmissions. Option 1 can be used if the UE initiating the COT is planning to use the COT in later occasion and Option 2 can be used if the UE initiating the COT has finished its transmissions and will not be using the COT again. 
Proposal 3: Study how the UE selects which Type 2 channel access to use for transmission within a shared COT.
Retaining the channel after LBT:
In some cases, the UE can finish the LBT procedure before the start of sidelink transmission. RAN1 agreed to study the possibility to enable a UE retaining the channel after LBT procedure:
	Agreement
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access



If the UE does not transmit immediately after the end of LBT procedure, the UE may lose its priority to transmit on the available channel and in that case, the UE should restart the LBT procedure. One option to retain the channel is to transmit a reservation signal after the LBT ends and before the start of SL transmission. Transmitting a cyclic prefix extension to retain the channel can be a good alternative. We think that for a gap between the ends of LBT procedure and the start of SL transmission that is less than one symbol, CPE can be used to retain the channel.
Proposal 4: At least re-use CPE to retain the channel for duration less than one symbol.
Another option could be to increase the possible starting positions within the slot to reduce the gap between the end of LBT and the start of SL transmission. This option combined with CPE transmission can help mitigating the possible loss of the channel after the end of LBT. These multiple starting positions can be reserved for high priority transmission to give them higher probability to access the channel.
Energy detection threshold:
Energy Detection (ED) threshold is used to determine whether the channel is busy or not during the sensing of the channel. We evaluated the impact of dynamic ED threshold adaptation on the performance of SL-U for indoor and highway scenarios using the simulation assumptions in the Appendix. 
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[bookmark: _Ref111045128]Figure 1: PRR, average PRR and PIR for different ED threshold in indoor scenario
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[bookmark: _Ref111045131]Figure 2: PRR and PIR for different ED threshold in Highway scenario
As shown in Figure 1 and 2, we noticed that there is a trade-off between PRR/PIR and ED threshold. When the ED threshold is high, it becomes easier for a SL U UE to access the channel, which benefit low-latency transmission. However, in such case, the transmission will experience high interference. On the other hand, when the ED threshold is low, it is difficult for a UE to acquire a channel, but once a channel is obtained, the transmission will have high reliability due to low interference. Depending on the deployment scenario (e.g., the number of sidelink unlicensed UEs transmitting within certain area), increasing the ED may not necessarily lead to low reliability. Thus, in essence, the ED adaption can be studied to optimize latency and reliability of the transmission in real time, e.g., based on the channel congestion.  
Proposal 5: Study dynamic Energy Detection threshold adjustment to meet SL-U latency/reliability requirements.
COT sharing between sidelink UEs
Allowing UEs in proximity of by a COT initiator to use the COT can reduce the channel access time. In the last RAN1 meeting, UE-to-UE COT sharing was agreed to be supported in sidelink unlicensed:
	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



The details requirements and the applicable channels were left for further study. A node in unlicensed spectrum can share a COT initiated by another node if at least one transmission is intended to the COT initiator. Thus, for a SL-U UE to be able to share an initiated COT, the UE should at least transmit PSCCH/PSSCH/PSFCH to the COT initiator within the shared COT. The UE sharing the COT can then use the COT for other transmissions. To avoid uncoordinated COT sharing, the COT initiator can indicate its COT structure and assign time opportunities to Rx UEs to use the COT. In mode 1 resource allocation, the UE can report to the gNB its COT structure and the gNB can help coordinating the COT sharing.
Proposal 6: A SL UE is allowed to share an initiated COT if the SL UE is at least transmitting PSFCH/PSCCH/PSSCH to the COT initiator.
Multiple transmissions within a COT
NR-U supports multi-slot scheduling for uplink, where a single DCI can schedule multiple consecutive PUSCH transmissions. On each slot, a different transport block is transmitted. The single DCI scheduling multiple transport blocks provides the resource allocation parameters for each TB. In the RAN1#109e meeting, it was agreed to further study whether and how to support multi-consecutive slots:
	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



Multiple transmissions within an initiated COT have attractive benefits. It can avoid performing multiple LBTs by the UE when it has multiple planned transmissions. The UE can initiate the COT and hold it for multiple slots. Multiple transmission within a COT can also reduce the latency as it reduces the signalling exchange between the UE and the gNB to request and allocate multiple grants separately. In addition, since the LBT procedure may take longer time, the UE can have more than one TB in its buffer when the channel is available. The acquired COT can be then used for transmission of more than one TB.
Proposal 7: Allow transmissions for one or more TBs in a COT by one UE.
The maximum COT duration depends on the CAPC used by the UE to initiate the channel. In some cases, the initiated COT can be long enough to potentially contain initial transmission and retransmissions. For example, when the UE performs blind retransmissions without waiting for the sidelink HARQ-ACK, the UE can transmit in a consecutive slot the initial transmission and the retransmissions/repetitions. In another scenario, if SL HARQ-ACK is enabled and the SL HARQ feedback is received prior to the end of the COT, retransmission can occur in the already initiated COT.
Proposal 8: Support initial transmission and re-transmissions of a TB within a COT. 
The COT initiated by a sidelink UE may not be enough for transmitting multiple TBs and the corresponding re-transmissions. For example, a TB transmitted at the last slot in a COT will not have time for retransmission in the same COT. In such case, a different COT will be required to retransmit the TB. New approaches to link the initial transmission and re-transmission in different COTs need to be studied. 
Proposal 9: Study re-transmissions of a TB in a different COT than the one including the initial transmissions.
Sidelink HARQ is required to maintain certain level of QoS in SL U. With the LBT requirements in unlicensed spectrum, sidelink HARQ transmission can be delayed and can lead to exceed the remaining Packet Delay Budget (PDB). Solutions to minimize the impact of LBT uncertainty are needed to mitigate additional delays due to unlicensed spectrum. One approach could be to have PSFCH transmitted in the same COT as the corresponding PSSCH transmission. For example, PSFCH can be transmitted at the end of the COT where the corresponding PSSCH is received. Another example could be a time relationship between the PSSCH and PSFCH in the ongoing COT. This approach cannot always be applicable as it may not be enough resources available for COT sharing to transmit PSFCH. For example, the UE initiate a short COT that will contain only PSSCH or the remaining time in the ongoing COT is not sufficient for the Rx UE to decode and report PSFCH before the end of the COT. In such case, reporting PSFCH can be done a different COT. This COT can be initiated by Rx UE or Tx UE. In order to report the PSFCH transmission in different COT, HARQ-ACK polling can be used or an association between data transmitted in a first COT and PSFCH occasion in a second COT. 
Proposal 10: Support PSFCH transmission in a different COT than the corresponding PSSCH transmission. 
Resource allocation in SL U 
Mode 1 resource allocation: 
Regarding the mode 1 resource allocation for SL-U, it was agreed to support the existing mode as a baseline and to further study possible enhancements:
	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 gNB is responsible for scheduling sidelink grants to Mode 1 UEs. gNB can use dynamic grant or configured grants (type 1 and type 2 configured grant are both supported). With dynamic grant, the UE is allocated with frequency assignment as well as the slot where to start the sidelink transmission. As mentioned before in the contribution, it is not guaranteed to access the unlicensed channel due to the dependency on LBT success/failure. The UE can fail to access the channel at the scheduled time and even after receiving a new grant to attempt to access the channel, the UE can fail again to access the channel. To increase the chance of accessing the channel, the gNB can schedule the UE with multiple time and frequency resources to access the sidelink unlicensed resources. For example, the UE can be configured with a time window and a set of frequency resources to access the channel. 
Proposal 11: Support configuring Mode 1 UE with time window and set of frequency resources to initiate a COT in SL U.
In NR U, the gNB can determine if the UE was able to access the channel or not, as the uplink transmissions are intended to the gNB. With Mode 1 scheduling in sidelink unlicensed, the gNB cannot determine if the UE was able to access the channel or not since the scheduled transmission are intended to sidelink UE(s). To assist the gNB for scheduling additional grants or scheduling other sidelink UEs, channel access status can be reported to the gNB. For example, the UE can use new UCI type to report the channel access outcome to the gNB. The new UCI type can be transmitted using PUCCH or PUSCH. 
Proposal 12: Study reporting of the channel access outcome to the gNB in mode 1 SL U.
Mode 2 resource allocation: 
For mode 2 resource allocation, it was agreed that the existing mechanism will be supported as baseline and to further study the possible enhancements due to the shared spectrum:
	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


The baseline mode 2 RA consists of sensing the channel during a sensing window and selects the resources for transmission during the selection window. With the uncertainty of LBT success, the selected resources may not be available when the UE wants to transmit. To reduce the impact of multiple sidelink UEs competing to access the channel at the same time, SL UEs which acquired the channel can indicate their intended COT duration for other SL UEs. A SL UE that is performing sensing and selection can exclude time windows corresponding to these reserved COTs from the set of resources to be selected from. 
Proposal 13: In Mode 2 RA, the UE excludes time window(s) corresponding to COT(s) initiated by other SL UEs. 
Sidelink supports different type of traffic for different use cases. Periodic type of traffic arriving at deterministic time is supported in NR sidelink Rel-16/Rel-17 and it is expected to be supported also in sidelink unlicensed operation. For this type of traffic, it is beneficial to reserve sidelink resource at the expected time of data arrival to avoid competing with other UEs each time. NR Rel-16/17 sidelink supports resource reservation by having a UE indicating the reservation period in the SCI. The resource reservation in unlicensed spectrum will also be beneficial as it can be applied to reduce the number of SL UEs contending for the channel at a given time. With LBT uncertainty, it is difficult to reserve the sidelink resource at specific time instance due to dependency on the LBT outcome. Instead, a time window can be reserved in unlicensed channels. The time window can consist of a set of slots that occurs periodically and starts approximately before the expected time of data arrival to account for possible LBT failure. The frequency resource reserved during this time window can be a set of interlaces/RBs, e.g., the same as the ones used by the initial transmission (similar to R16/R17 NR SL semi-persistent resource reservation) and not necessarily the entire bandwidth should be reserved. 
Proposal 14: Study reservation of a periodic time window for periodic type of traffic in SL unlicensed spectrum. 
Wideband operation 
[bookmark: _Hlk111102125]In the last RAN1 meeting, channel access procedures were discussed for wideband operation. It was agreed to support the NR-U channel access procedure for multiple channels:
	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



Wideband operation offers larger bandwidth which will help meeting the service requirements in unlicensed bands. This can help both UEs operating under mode 1 and mode 2 RA. A UE can use the full bandwidth for itself or otherwise, to maximize the usage of the bandwidth, COT sharing can be done in FDM manner. For example, a UE can share frequency resources of its COT with multiple UEs. In mode 1, the gNB can coordinate the COT sharing among multiple UEs. In mode 2, the UE initiate a COT can indicate the available resources to share using an indication in SCI.
[bookmark: _Hlk111107039]Proposal 15: Wideband operation is supported for both mode 1 and mode 2 RA.
Evaluation methodology
SL-U and Wi-Fi coexistence
When SL-U is deployed in FR1 n46/n96 unlicensed bands, it is worthy to examine the impact of SL-U deployment on other RATs that occupies the same unlicensed bands. Wi-Fi 802.11 ac is a common technology that occupies FR1 n46 band. With Wi-Fi coexistence, SL-U based operation in unlicensed spectrum should not impact/be impacted by Wi-Fi in 5GHz band. We think indoor commercial use case defined in [3] can be considered due to the low mobility environment of Wi-Fi system (InH office – Indoor scenario with STA mobility= 3 km/hr is considered [5]). Table 1 is proposed for evaluation assumption for SL-U and Wi-Fi coexistence. 
[bookmark: _Ref102029415]Table 1: Evaluation assumptions of SL-U and Wi-Fi coexistence
	Parameter 
	Value

	Carrier Frequency (GHz)
	5

	Simulation environment, UE drop and mobility
	Indoor: Uniformly distributed with mobility= 3 km/hr

	SL Number of Tx/Rx antennas/ antenna model
	Same as defined in [4]

	Wi-Fi system assumption/traffic model
	Same as defined in [3]

	SL Channel model
	Same as defined in [5]

	SL-U UEs/STA path loss model
	InH-office pathloss mode defined in [5]

	SL simulation bandwidth (MHz)
	20 

	SL-U CCA threshold 
	Initially -72 dBm (FFS)



Proposal 16: Consider SL-U deployment for indoor commercial use case for unlicenced band FR1 n46 with Wi-Fi coexistence using evaluation assumption in Table 1. 
SL-U coexistence with NR-U
[bookmark: _Hlk101966791]Since 3GPP supports NR deployment in unlicensed spectrum, there is a potential coexistence between NR-U and SL-U. Such coexistence can be between different operators or the same operator. For example, a first operator is using unlicensed spectrum for NR-U and a second operator is using unlicensed spectrum for SL-U. We propose to study the coexistence between SL-U deployment and NR-U deployment. Table 2 can be used for evaluation assumption. 
[bookmark: _Ref102029690]Table 2: Evaluation assumptions of SL-U and NR-U coexistence
	Parameter
	Value

	Carrier Frequency (GHz)
	5, 6

	Simulation environnement, UE drop and mobility
	Indoor: As defined in [3]

	SL Number of Tx/Rx antennas/ antenna model
	Same as defined in [4]

	NR-U macro cell deployment/assumptions
	Same as defined in [3]

	SL Channel model
	Same as defined in [5]

	 SL-U/NR-U UE pathloss model
	InH-office pathloss mode defined in [5]

	UE/gNB Tx power
	Same as defined in [3]

	SL simulation bandwidth (MHz)
	20



Proposal 17: Consider SL-U deployment in V2X Indoor scenario for unlicenced band FR1 n46 with NR-U coexistence using evaluation assumption in Table 2.
Performance metrics
Performance metric defined in [4] can be used for SL-U performance evaluation. In addition, user perceived throughput (UPT) defined in [6] can be used to show the impact of SL-U deployment with coexisting technologies, especially Wi-Fi.
[bookmark: _Hlk101966877]Proposal 18: Consider at least the following performance metrics 
· Packet reception ratio (PRR) 
· Packet inter-reception ratio (PIR) 
· User Perceived Throughput (UPT)
Conclusion
In this contribution, we have discussed and propose the following:
Proposal 1: UL CAPC table is re-used for Type 1 SL U channel access mechanism
Proposal 2: It is up to RAN2 to determine the association between sidelink priority levels and CAPC values.    
Proposal 3: Study how the UE selects which Type 2 channel access to use for transmission within a shared COT.
Proposal 4: At least re-use CPE to retain the channel for duration less than one symbol.
Proposal 5: Study dynamic Energy Detection threshold adjustment to meet SL-U latency/reliability requirements.
Proposal 6: A SL UE is allowed to share an initiated COT if the SL UE is at least transmitting PSFCH/PSCCH/PSSCH to the COT initiator.
Proposal 7: Allow transmissions for one or more TBs in a COT by one UE.
Proposal 8: Support initial transmission and re-transmissions of a TB within a COT. 
Proposal 9: Study re-transmissions of a TB in a different COT than the one including the initial transmissions.
Proposal 10: Support PSFCH transmission in a different COT than the corresponding PSSCH transmission. 
Proposal 11: Support configuring Mode 1 UE with time window and set of frequency resources to initiate a COT in SL U.
Proposal 12: Study reporting of the channel access outcome to the gNB in mode 1 SL U.
Proposal 13: In Mode 2 RA, the UE excludes time window(s) corresponding to COT(s) initiated by other SL UEs. 
Proposal 14: Study reservation of a periodic time window for periodic type of traffic in SL unlicensed spectrum. 
Proposal 15: Wideband operation is supported for both mode 1 and mode 2 RA.
Proposal 16: Consider SL-U deployment for indoor commercial use case for unlicenced band FR1 n46 with Wi-Fi coexistence using evaluation assumption in Table 1. 
Proposal 17: Consider SL-U deployment in V2X Indoor scenario for unlicenced band FR1 n46 with NR-U coexistence using evaluation assumption in Table 2.
Proposal 18: Consider at least the following performance metrics 
· Packet reception ratio (PRR) 
· Packet inter-reception ratio (PIR) 
· User Perceived Throughput (UPT)
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[bookmark: _Ref111109136]Appendix: Simulation assumption
Highway scenario
	Parameters
	Values

	Carrier frequency
	5 GHz

	SCS
	15 kHz

	Simulation bandwidth
	20 MHz

	UE height
	1.5m

	No. of Tx/Rx
	213

	Scenario
	Highway Sub-7 GHz

	UE speeds
	140 km/hr

	UE Tx Power
	23 dBm

	UE noise figure
	9 dB

	Traffic model
	As defined in TR 37.885

	UE Antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)

	No. Subchannels
	10

	No. RB/subchannel
	10

	CCA threshold
	-90 dBm, -110 dBm

	Max retransmission
	2

	Channel Model
	Highway defined in TR 37.885



Indoor scenario

	Parameters
	Values

	Carrier frequency
	5 GHz

	SCS
	15 kHz

	Simulation bandwidth
	20 MHz

	UE height
	1.5m

	No. of Tx/Rx
	10

	Scenario
	Indoor office

	UE speeds
	3 km/hr

	UE Tx Power
	23 dBm

	UE noise figure
	9 dB

	Traffic model
	As defined in TR 37.885

	UE Antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)

	No. Subchannels
	10

	No. RB/subchannel
	10

	CCA threshold
	-72dBm, -90 dBm, -110 dBm

	Max retransmission
	2

	Channel Model
	InH mixed office defined in TR 38.901
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