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Introduction
According to Rel-18 WID [1] and WID revision [2] for NR sidelink evolution, channel access mechanism for SL-U should be studied and supported. In this contribution, analysis and proposals for the topics related to channel access mechanism are presented, including details on channel access mechanism design and evaluation assumptions and methodology for SL-U, etc.
Dynamic channel access mechanism
Types of channel access
In RAN1 #109-e meeting, the following conclusions were agreed for different types of dynamic channel access procedures.
	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.


2.2.1 Channel access mechanism to initiate a COT
For the initial channel access mechanism, it is suggested that at least Type 1 LBT used to initiate a COT should be supported for PSCCH/PSSCH/PSFCH transmissions.
[bookmark: _Toc15871][bookmark: _Toc11567][bookmark: _Toc111231099][bookmark: _Toc31365]For the initial channel access mechanism, a UE can initiate a COT by Type 1 LBT procedure for PSCCH/PSSCH/PSFCH transmissions.
For a PSFCH transmission, a UE may fail to transmit the PSFCH due to LBT failure. In order to ensure the reliability of PSFCH transmissions, it is suggested that multiple PSFCH transmission opportunities should be supported for an associated PSSCH. With multiple PSFCH transmission opportunities, if a UE fail to transmit a PSFCH in one PSFCH occasion due to LBT failure, the UE can send the PSFCH through other PSFCH transmission opportunities conditioned on LBT success, and thus the reliability of PSFCH transmissions is improved in SL-U. Therefore, it is suggested to support multiple PSFCH transmission opportunities associated with one PSSCH. And it should be further studied whether the same or different channel access mechanism should be used for these PSFCH transmission opportunities.
[bookmark: _Toc28028][bookmark: _Toc111231100][bookmark: _Toc24132][bookmark: _Toc13607]In order to improve the reliability of PSFCH transmissions in SL-U, it is suggested to support multiple PSFCH transmission opportunities associated with one PSSCH.
· [bookmark: _Toc31568][bookmark: _Toc111231101][bookmark: _Toc32524]FFS whether the same or different channel access mechanism should be used for these PSFCH transmission opportunities.
In NR-U, one communication node can initiate a discovery burst by Type 2A. Following NR-U legacy as well as the WID instruction, it is suggested that Type 2A can be used to initiate a S-SSB transmission.
[bookmark: _Toc29310][bookmark: _Toc13280][bookmark: _Toc2386][bookmark: _Toc24665][bookmark: _Toc111231102]A UE is supported to initiate a S-SSB transmission by Type 2A LBT procedure.
In NR-U, Type 2B/2C can be used in a shared COT and cannot be used for initiating a COT. Following the same logic, for SL-U, it is suggested that an UE cannot initiate a COT by using type 2B/2C.
[bookmark: _Toc13765][bookmark: _Toc111231103][bookmark: _Toc15372][bookmark: _Toc13100]It is suggested that an UE cannot initiate a COT by using type 2B/2C.
Short control signaling transmission is defined in [5]. The transmission of short control signaling is supposed to satisfy the following two conditions :
· Within an observation period of 50 ms, the number of Short Control Signaling Transmissions initiated by an equipment shall be equal to or less than 50; and
· The total duration of Short Control Signaling Transmissions shall be less than 2500 μs within an observation period.
For some important physical channels in SL-U, it can be further assessed whether to treat them as short control signaling. More specifically, we can further discuss whether similar channel access for short control signaling can be supported for S-SSB and/or PSFCH. If such mechanism is supported in SL-U, it is necessary to further study and discuss which conditions should be met for transmissions of those short control signaling such as S-SSB/PSFCH.
[bookmark: _Toc9315][bookmark: _Toc1332][bookmark: _Toc30824][bookmark: _Toc4889][bookmark: _Toc11007][bookmark: _Toc111231104]Further study and discuss whether and how to additionally support channel access for short control signaling such as S-SSB and/or PSFCH.
2.2.2 Channel access mechanism within a shared COT
In NR-U, Type 2A/ 2B/2C can be used in a shared COT. With the COT, the type of channel access mechanism used for each physical channel is discussed one by one.
Regarding S-SSB, in case of 15kHz SCS, the transmission duration of an S-SSB is larger than  for a full slot transmission. Thus type 2C LBT disqualifies being used for S-SSB under such setting. Type 2A is supposed to be safely supported for S-SSB transmission. As for Type 2B, whether it can be used in a shared COT depends on the design of slot structure in SL-U. In other words, if 16 us transmission gap is supported in SL-U, then type 2B can be additionally supported in a shared COT for S-SSB transmission.
[bookmark: _Toc111231105][bookmark: _Toc5138][bookmark: _Toc21509][bookmark: _Toc5487][bookmark: _Toc11200][bookmark: _Toc20483]For the channel access mechanism of S-SSB transmission within a shared COT：
[bookmark: _Toc1844][bookmark: _Toc24052][bookmark: _Toc111231106][bookmark: _Toc4192][bookmark: _Toc18452][bookmark: _Toc28253][bookmark: _Toc26762]Type 2A/2B channel access mechanism is supported, which one to be used depends on gap length in SL-U
[bookmark: _Toc111231107][bookmark: _Toc23538][bookmark: _Toc23000]When the duration of S-SSB transmission is greater than 584 us, type 2C LBT procedure is not allowed for COT sharing.
In NR-U, a UE may use the type 1 or type 2 channel access mechanism for PUCCH transmission according to the configuration from the base station. If the channel access type is not specified by the base station, a UE will use the LBT type 1 by default. And the base station is responsible for the reliability of PUCCH transmission. If the base station can ensure that the interval between DL/UL transmission and PUCCH meets the requirements of time interval, the base station can configure a UE to use Type 2 LBT for transmitting PUCCH. Taking PUCCH in NR-U as baseline, for PSFCH in SL-U, during the shared COT, whether type 2A/2B/2C is supported depends on the gap length in the slot structure design. If there is sidelink transmission with an interval of 25/16 us before a PSFCH transmission, in principle, a UE can use type 2A/2B to send the PSFCH. Similarly, if the gap between SL transmission and following PSFCH transmission is not larger than 16us, type 2C channel access mechanism can be supported in a shared COT.
[bookmark: _Toc27983][bookmark: _Toc111231108][bookmark: _Toc11158][bookmark: _Toc30517][bookmark: _Toc26316][bookmark: _Toc6466]For the channel access mechanism of PSFCH transmission during the shared COT：
[bookmark: _Toc26553][bookmark: _Toc111231109][bookmark: _Toc24255][bookmark: _Toc3356][bookmark: _Toc7781][bookmark: _Toc26591]Type 2A/2B/2C channel access procedure is supported, which one to be used depends on gap length between a PSFCH and a precedent SL transmission such as PSCCH/PSSCH.
Regarding PSCCH/PSSCH, as mentioned in [6], it is proposed that all the symbols in a slot are configured as feasible for sidelink transmission. Based on this assumption, the duration of a slot with 15kHz SCS for PSCCH/PSSCH exceeds , therefore type 2C cannot be always valid for PSCCH/PSSCH transmission. In addition, whether the type 2A/2B channel access mechanism of PSCCH/PSSCH is supported in COT sharing depends on whether 25/16 us gap length is supported in SL-U.
[bookmark: _Toc111231110][bookmark: _Toc28154][bookmark: _Toc27560][bookmark: _Toc31004][bookmark: _Toc5912][bookmark: _Toc21622]For the channel access mechanism of PSCCH/PSSCH transmission within the shared COT：
[bookmark: _Toc21862][bookmark: _Toc29913][bookmark: _Toc20380][bookmark: _Toc111231111][bookmark: _Toc6796][bookmark: _Toc10641]When the duration of PSCCH/PSSCH transmission is greater than 584 us, Type 2C channel access is not allowed for transmission within a shared COT.
[bookmark: _Toc12103][bookmark: _Toc31965][bookmark: _Toc2117][bookmark: _Toc111231112][bookmark: _Toc21300][bookmark: _Toc23162]Type 2A/2B channel access procedure is supported, which one to be used depends on gap length between the PSCCH/PSSCH and its preceding SL transmission.
CAPC parameters
In NR-U, different CAPC parameters are defined for DL and UL respectively. The DL and UL CAPC parameters for type 1 LBT are shown in Table 2-1 and Table 2-2 respectively.
Table 2-1: Channel Access Priority Class (CAPC)
	Channel Access Priority Class ()
	
	
	
	
	allowed sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

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


Table 2-2: 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 . 


According to [5], ETSI defines supervising device and supervised device, and different CAPC parameters are used for supervising device and supervised device.
	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. 


The CAPC of LBT procedure in SL-U can be based on one of DL CAPC and UL CAPC parameters. Considering the CAPC parameters for SL-U UE are pre-configured or configured by the base station, and thus the sidelink UEs should be classified as supervised device. Therefore, it is suggested that the CAPC parameter for UL are reused for SL-U.
[bookmark: _Toc32037][bookmark: _Toc23432][bookmark: _Toc13487][bookmark: _Toc29602][bookmark: _Toc111231113][bookmark: _Toc9452]The CAPC parameter for UL in NR-U are reused for SL-U.
Contention window adjustment
In NR-U, if there is HARQ feedback, a UE adjusts the CW based on the reception of ACK/NACK in the reference duration. In the case of non-CBG, if a TB transmitted by a UE in the reference duration corresponds to ACK, the UE adjusts the CW window to CWmin. When CBG is supported, the UE adjusts the CW window to CWmin if ACK is received for at least 10% of the CBG. Otherwise, the UE adjusts the CW to the next larger CW level which does not exceed CWmax,p. In NR-U, when there is no HARQ feedback, the first transmission uses the minimum CW value CWmin,p, and the subsequent transmission uses the previous last CW value .
Correspondingly, sidelink transmission in SL-U should support unicast, groupcast and broadcast as defined in Rel-16 sidelink. When the CW window is adjusted through unicast sidelink transmission, it is suggested to reuse the CW adjustment mechanism in NR-U. When CW window is adjusted through PSCCH/PSSCH transmission with disable ACK/NACK, one way is to reuse the CW window adjustment mechanism without HARQ feedback in NR-U. In this way, the CWmin,p is used for the first sidelink transmission, and the last contention window  is used for the subsequent sidelink transmissions. However, when an SL-U UE has only broadcast transmission, the UE will always use the minimum CW value CWmin,p, and this is unfair for other technology sharing the channel. Therefore, the adjustment mechanism of CW window needs to be further optimized when CW window is adjusted through PSCCH/PSSCH transmission with disable ACK/NACK.
Considering SL-U groupcast transmission, there are two types of HARQ feedback defined in Rel-16, groupcast type 1 and groupcast type 2. For groupcast type 1 HARQ feedback, NACK only feedback is supported, it is possible a UE receiving PSCCH/PSSCH does not feedback NACK due to DTX. In this case, the TX UE will determine HARQ-ACK feedback as ACK incorrectly.Therefore, it depends on whether groupcast type 1 is supported, then make a decision to further study and discuss the CW window adjustment mechanism for groupcast type 1. In groupcast type 2, one PSCCH transmission corresponds to multiple ACK/NACK feedbacks from different UEs. For ACK/NACK determination, only when all UEs in the same group feedback ACK, the TX UE will determine HARQ-ACK feedback as ACK. If the CW window adjustment mechanism in NR-U is reused for groupcast type 2, there will be a problem for groupcast transmission, if most of these RX UEs feedback ACK and only a few UEs feedback NACK, the UE transmitting PSSCH will adjust the CW to the next larger CW level that does not exceed CWmax,p. Therefore, CW window will be increased undesirably even if only a UE feedback NACK, which is not conducive to LBT resource competition. 
[bookmark: _Toc2721][bookmark: _Toc111231114][bookmark: _Toc27849][bookmark: _Toc25066][bookmark: _Toc21519][bookmark: _Toc15206]For unicast sidelink transmission with ACK/NACK enabled, it is suggested to reuse the CW adjustment mechanism in NR-U. 
[bookmark: _Toc24685][bookmark: _Toc17104][bookmark: _Toc5610][bookmark: _Toc23018][bookmark: _Toc111231115][bookmark: _Toc9542]For PSCCH/PSSCH transmission with ACK/NACK disabled, further study on the adjustment mechanism of CW based on CBR. 
[bookmark: _Toc4367][bookmark: _Toc3792][bookmark: _Toc13011][bookmark: _Toc20974][bookmark: _Toc21244][bookmark: _Toc111231116]For groupcast with type 1/2 HARQ feedback, the adjustment mechanism of CW needs to be further studied considering the following. 
· [bookmark: _Toc111231117][bookmark: _Toc5074][bookmark: _Toc6131]DTX case for groupcast type 1.
· [bookmark: _Toc18043][bookmark: _Toc27698][bookmark: _Toc111231118]Part of member UEs feedback ACK while the left member UEs feedback NACK for groupcast type 2.
Energy detection threshold adaptation
In NR-U, either the default threshold or the value configured based on high-layer parameters is used for the maximum energy detection threshold in LBT process.
· The default maximum energy detection threshold. When the default maximum energy detection threshold is used, an UE calculates default maximum energy detection threshold through the formula, which does not include any high-layer configuration parameters.
· The maximum energy detection threshold based on high-layer parameters. There are two methods for the maximum energy detection threshold based on high-layer parameters. In the first method, the specific value of the energy detection threshold is configured by high-layer parameters. In the second method, an offset value is configured by the high-layer parameter, and the final maximum energy detection threshold is calculated based on the default maximum energy detection threshold and the offset value.
According TR 37.213[4], for the default maximum energy detection threshold, the calculation formula is shown as follows.
	If the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided
-	 where 
-	 is Maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise 
otherwise
-	
where
-	;
-	;
-	 is the set to the value of PCMAX_H,c as defined in [3];
-	;
-	 is the single channel bandwidth in MHz.


In SL-U, a UE can be in or out of network coverage. If the high-layer parameters is used for the maximum energy detection threshold, this may result in different maximum energy detection thresholds for UEs in coverage and those out of coverage, and the fairness of channel access will be affected. In order to ensure the fairness of channel access, it is suggested that SL-U at least support the default maximum energy detection threshold. Whether to support the maximum energy detection threshold based on high-layer configuration should be further discussed.
[bookmark: _Toc28185][bookmark: _Toc111231119][bookmark: _Toc22713][bookmark: _Toc19836][bookmark: _Toc9555][bookmark: _Toc9509]For SL-U, at least the default maximum energy detection threshold is supported .
Multi-channel access procedures
In RAN1 # 109-e meeting, the following conclusions are agreed for channel access procedures for transmission (s) on 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


For one SL transmission, whether the multi-channel access procedure is adopted depends on whether multiple channels are used for the SL transmission. If a SL transmission is confined within a channel, and then transmitting UE should perform single channel access mechanism for this SL transmission. When each of a plurality of SL transmissions is respectively located on a single channel, the single channel access mechanism may be used for each of these SL transmissions from transmitting UE perspective. For a PSFCH/S-SSB transmission, it is not necessary that one PSFCH/S-SSB is transmitted across multiple channels. Therefore, it is suggested that the multi-channel access mechanism is not adopted for PSFCH/S-SSB.
As for PSCCH/PSSCH transmission, it is similar to UL transmission in NR-U. More Specifically, the transmission originates from a single UE and may traverse and occupy multiple channels, under which case the UE should perform multi-channel access before one transmission across multiple channels.
[bookmark: _Toc21036][bookmark: _Toc111231120][bookmark: _Toc3409][bookmark: _Toc22406]Multi-channel access mechanism is not support for PSFCH/S-SSB transmissions, i.e., independent channel access procedure is performed on each channel for multi-channel PSFCH/S-SSB transmissions.
[bookmark: _Toc32357][bookmark: _Toc12920][bookmark: _Toc111231121][bookmark: _Toc30784]The UL multi-channel access mechanism in NR-U should be used as a baseline for a PSCCH/PSSCH transmission.
UE-UE COT sharing
In RAN1 #109-e meeting, the following conclusions were agreed for UE-to-UE COT sharing.
	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
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


Whether UE-UE COT sharing is supported for the FBE channel access type needs to be further studied and discussed. In the following discussion, we will discuss COT sharing with the assumption of LBE channel access type.
With regard to Adaptivity for Load Based Equipment, a device that initiates a sequence of one or more transmissions is
denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. For the sidelink COT sharing, it is suggested that an Initiating Device can initiate COT sharing, and a responding device can inherit or forward COT sharing parameters. For the indication of COT sharing parameters, it is suggested that at least the remaining COT duration should be indicated, by an Initiating Device or the responding device, such that the transmissions inheriting a shared COT does not exceed the shared COT duration.
[bookmark: _Toc111231122]For the UE-UE COT sharing, at least the remaining COT duration should be indicated by an Initiating Device or the responding device.
In addition, another issue that needs to be discussed is whether the UE-UE COT sharing is restricted by the CAPC or the destination ID. If the COT sharing is subject to CAPC and/or destination ID, it means that fewer UE can use a shared COT. When some UEs share a COT based on the mode 2 resource selection mechanism, if a UE cannot use the resources selected within a shared COT due to the restriction of CAPC/destination ID, these resources are likely to be wasted. Because other UEs that can meet the COT sharing conditions are likely to exclude these resources by mode 2 mechanism, making these resources unused for any UEs sharing the COT. In addition, due to the blocking problem, these resources cannot be used by other initiating devices through the channel access procedure. Therefore, in order to avoid the waste of resources within a shared COT, it is suggested that COT sharing is not subject to CAPC and destination ID.
To evaluate the performance, whether the UE-UE COT sharing is restricted by the CAPC or the destination ID, the following three options:
· Option 1: UE-UE COT sharing is subject to destination ID and not subject to CAPC;
· Option 2: UE-UE COT sharing is subject to CAPC and not subject to destination ID;
· Option 3: UE-UE COT sharing is not subject to CAPC or destination ID;
In table 3-1 and 3-2, simulation results of option 1 ,2 and 3 are shown whose assumptions can be found in Appendix 1. In table 3-1, it is assumed that SL and WiFi cannot be distinguished, and the sensed energy during channel access procedure includes the energy sum of SL and WiFi. Thus channel access probability is reduced due to inter-UE blocking issue during SL channel access itself. However, in table 3-2, it is assumed that SL and WiFi can be distinguished, and only the energy of WiFi is included in the channel access procedure. This allows sidelink UE to access the channel once the WiFi interference alone is controlled. In our simulations, the CAPC parameters for UL in NR-U are reused. More specifically, a UE randomly selects one from the priority values 1 and 2 for the simulation corresponding to table 3-1. As for table 3-2, a UE randomly selects a priority value of 3 or 4.
Table 3-1：Performance comparison for three different options
	
	Option 1
	Option 2
	Option 3

	5% UPT(Mbps,Sidelink)
	2.2426
	3.7474
	3.8450

	50% UPT(Mbps,Sidelink)
	8.8373
	15.2051
	17.5053

	95% UPT(Mbps,Sidelink)
	15.0191
	22.6271
	 23.2315


[bookmark: _Toc111231094]Table 3-2：Performance comparison for three different options
	
	Option 1
	Option 2
	Option 3

	5% UPT(Mbps,Sidelink)
	6.4214
	6.6783
	7.3204

	50% UPT(Mbps,Sidelink)
	18.4140
	19.5373
	20.8999

	95% UPT(Mbps,Sidelink)
	26.6879
	27.7554
	 28.3425


[bookmark: _GoBack]It can be seen from table 3-1 and table 3-2 that option 3 has better performance than option 1/2, regardless of whether SL and WiFi can be distinguished during channel access procedure. In table 3-1, the UPT gain of option 3, compared with option 1/2, mainly comes from two aspects. Firstly, the blocking problem among SL UEs can be better resolved in option 3, because more SL UEs can participate in COT sharing without additional constraint on CAPC or destination ID. Secondly, there is much more chance that different UEs could share a COT using type 2 LBT and occupy consecutive transmission slots. In table 3-2, even without the inter-UE blocking issue degrading the overall access probability, given the aforementioned second aspect a UE is still more likely to share a COT using type 2 LBT and occupy consecutive transmission slots in option 3 compared with option 1/2 due to constraint , leading to better UPT performance.
Note that only the performance of unicast is evaluated in our simulations. In table 3-1, if the simulation is extended to groupcast, the performance difference between option 2 and option 1 will be in closer vicinity to that between option 3 and option 2. This is because more UEs in option 1 can participate in COT sharing, so the blocking problem in option 1 is alleviated compared with that of option 1 in the unicast. In short, not only under the case of sensing operation capable of distinguishing sidelink and WiFi, but in case of groupcast, the constraint on CAPA parameters or destination ID is identically unhelpful from channel access/UPT perspective.
If UE-UE COT sharing is subject to CAPC and destination ID, the performance of UE-UE COT sharing will deteriorate.
[bookmark: _Toc111218947][bookmark: _Toc19582][bookmark: _Toc21069][bookmark: _Toc30604][bookmark: _Toc111231123]UE-UE COT sharing is not subject to CAPC or destination ID.
In order to make the best use of the time-frequency resources in a shared COT, it is suggested that a COT can be shared by all SL signals/channels including PSCCH/PSSCH, PSFCH, and S-SSB as shown in Table 3-1.
From the point of view of indicating COT sharing, the one or more in the SL channels and signals including PSCCH/PSSCH, PSFCH, S-SSB may be used to indicate UE-to-UE COT sharing as shown in Table 3-1. 
Table 3-1: SL channels/signals indicating COT sharing
	SL channels/signals indicating COT sharing 
	Applicable SL channels/signals in a shared channel

	PSCCH（1st SCI）
	PSCCH/PSSCH, PSFCH, S-SSB

	PSSCH（2nd SCI）
	PSCCH/PSSCH, PSFCH, S-SSB

	S-SSB
	PSCCH/PSSCH, PSFCH, S-SSB


When the S-SSB is used to indicate COT sharing, whether a COT sharing is enabled can be indicated through transmitting S-SSB in different frequency domain positions , e.g., different IRBs. For the parameters of the shared COT , including COT start time, COT duration, the default or the one of (pre-)configured values with high-level parameter can be used.
According to the following conclusion in reference [5], an Initiating Device shall implement a Channel Access Mechanism with prioritized, truncated exponential back off. In addition, in Section 2.1, it is suggested that the S-SSB transmission does not support the type 1 channel access mechanism. Therefore, it is suggested that COT sharing cannot be indicated by transmitting S-SSB. 
	With regard to Adaptivity for Load Based Equipment, a device that initiates a sequence of one or more transmissions is
denoted as the Initiating Device. Otherwise, the device is denoted as a Responding Device. Load Based Equipment may
be an Initiating Device, a Responding Device, or both.
The Initiating Device shall implement a Channel Access Mechanism with prioritized, truncated exponential back off
mechanism as further described in clause 4.2.7.3.2.6.
A Responding Device shall implement a Channel Access Mechanism as further described in clause 4.2.7.3.2.7.


As for 1st and 2nd SCI, it is suggested that at least one of them should be supported for COT sharing indication, and which of them will ultimately be selected need to be further discussed and studied. In addition, besides 1st and 2nd SCI, whether there are other ways to indicate COT sharing can also be further discussed.
[bookmark: _Toc24692][bookmark: _Toc866][bookmark: _Toc111231124][bookmark: _Toc31660]A COT can be shared with all SL signals/channels including PSCCH/PSSCH, PSFCH, and S-SSB.
[bookmark: _Toc18353][bookmark: _Toc27600][bookmark: _Toc111231125][bookmark: _Toc26962]At least one of 1st and 2nd SCI should be supported for COT sharing indication.
From the perspective of resource utilization efficiency, it is suggested that one COT can be shared with multiple UEs. When a COT is shared with multiple UEs, there are some problems that need to be further studied and discussed. More specifically, it is difficult to ensure that the transmissions of more UEs in a shared COT are continuous in time domain. When a transmission gap occurs before the transmission of a UE, can the UE used the shared COT through type 2 channel access mechanism?
[bookmark: _Toc9445][bookmark: _Toc18132][bookmark: _Toc111231126][bookmark: _Toc5632]A COT can be shared with multiple UEs:
[bookmark: _Toc14725][bookmark: _Toc111231127][bookmark: _Toc11529][bookmark: _Toc8180]FFS:Whether/how to ensure that transmissions from multiple UEs are continuous in time domain with a shared COT; 
[bookmark: _Toc909][bookmark: _Toc2301][bookmark: _Toc29429][bookmark: _Toc111231128]FFS:Whether a UE can access a shared channel by type 2 LBT within a shared COT, if the transmission gap occurs before its transmissions.
Resource Allocation
Mode 2 resource allocation enhancement
In RAN1 #109-e meeting, the following conclusions are agreed for multi-consecutive slots transmission.
	· 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


From the perspective of one UE, continuous sidelink transmissions can maintain a COT without interruption and reduce the impact of LBT failure for sidelink transmissions. Therefore, it is suggested that continuous sidelink transmissions should be supported. During continuous sidelink transmissions, it is required that the transmission interruptions of continuous transmissions do not exceed a certain threshold, and these continuous sidelink transmissions are in the same channel(s) .
[bookmark: _Toc14490][bookmark: _Toc17252][bookmark: _Toc111231129][bookmark: _Toc23836]From the perspective of a UE, continuous transmissions should be supported.
In order to support the continuous sidelink transmissions mentioned above, it is suggested that the enhanced mode 2 resource allocation mechanism is introduced with supporting the following features:
· In the time domain, multiple selected resources are in the continuous sidelink slots;
· In the frequency domain, multiple selected resources are in the same channel(s).
In order to ensure the above-mentioned time-domain and frequency-domain characteristics, one way is to ensure the above two features by sensing process of physical layer. In another way, the MAC layer ensures that the selected time-frequency resources meet the above features.
[bookmark: _Toc111231130][bookmark: _Toc14335][bookmark: _Toc18736][bookmark: _Toc11706]The enhanced mode 2 resource allocation mechanism is introduced with the following features supported:
[bookmark: _Toc1569][bookmark: _Toc5700][bookmark: _Toc6215][bookmark: _Toc111231131]In the time domain, multiple selected resources are in the continuous sidelink slots;
[bookmark: _Toc14398][bookmark: _Toc111231132][bookmark: _Toc15821][bookmark: _Toc19097]In the frequency domain, multiple selected resources are in the same channel(s).
[bookmark: _Toc20182][bookmark: _Toc14613][bookmark: _Toc25750][bookmark: _Toc111231133]For the enhanced mode 2 resource allocation mechanism, the above two feature in the time and frequency domain should be guaranteed by one of the following: 
[bookmark: _Toc23844][bookmark: _Toc1730][bookmark: _Toc111231134][bookmark: _Toc24331]The two features in proposal 22 should be ensured by sensing process of physical layer
[bookmark: _Toc17568][bookmark: _Toc111231135][bookmark: _Toc24475][bookmark: _Toc29016]MAC layer ensures that the selected time-frequency resources meet the two features in proposal 22.
In addition, due to the existence of PSFCH symbols, even if a UE transmits sidelink information in continuous slots, continuous sidelink transmissions are still not guaranteed. To solve this problem, it may be considered that occupying signals may be transmitted on a PSFCH occasion among the continuous slots, even if a UE does not transmit PSFCH in the PSFCH occasion.
[bookmark: _Toc1748][bookmark: _Toc23216][bookmark: _Toc111231136][bookmark: _Toc20002]In order to avoid the interruption due to PSFCH symbols, it is suggested that occupying signals may be transmitted on a PSFCH occasion within the continuous sidelink slots.
More resources for a TB
In SL-U, a resource cannot be used for SL transmission with LBT failure. Therefore, it is suggested that more resources, compared with Rel-16/Rel-17 sidelink, should be allocated/selected for a TB in SL-U. In this case, the utilization efficiency of resources needs to be further considered. More specifically, after a TB is successfully transmitted, the UE may no longer use the remaining resources corresponding to the TB, resulting in resource waste if left as is. In order to improve resource utilization efficiency, it should be discussed how to use these wasted resources. One solution is to allow one resource to be selected or allocated to multiple UE (e.g., these UEs are geographically adjacent). When a resource is selected/allocated to multiple UEs, transmission conflict is likely to occur among these UEs on the same resource. How to resolve transmission conflict among these UEs needs to be further discussed and resolved.
[bookmark: _Toc111231137]It is suggested that more resources can be selected/allocated for a TB in SL-U.
[bookmark: _Toc111231138]With more resources allocated/selected for a TB, it is suggested that the same resource can be selected or allocated for multiple different UEs.
[bookmark: _Toc111231139]FFS: How to resolve the transmission conflict from different UEs on the same resource.
Evaluation methodology
In RAN1#109-e meeting, simulation assumptions were discussed, and the latest proposals are showed in the appendix 2. In order to speed up the discussion, it is suggested that simulation assumptions in the appendix 2 are adopted as much as possible. However, there are still some simulation assumptions that need to be clarified or modified.
In RAN1#109-e meeting, it was suggested that 20 MHz/80 MHz simulation bandwidth with the carrier frequency of 5 GHz are assumed for SL-U evaluation. Note that 15 kHz SCS is not supported for the channel bandwidth above 50MHz in NR-U. It is suggested that SL-U should also follow this regulation. Therefore, it is suggested that 30 kHz SCS is assumed for the 80 MHz simulation bandwidth in SL-U evaluation.
[bookmark: _Toc111218965][bookmark: _Toc111218966][bookmark: _Toc6929][bookmark: _Toc27477][bookmark: _Toc7620][bookmark: _Toc4350][bookmark: _Toc111231140][bookmark: _Toc4758]In SL-U evaluation, 30 kHz is assumed for 80 MHz simulation bandwidth.
In SL-U, interleaving resource allocation is an important feature, and the IBE of interleaving resource allocation is obviously different from that of centralized resource allocation. Therefore, it is suggest that at least interleaving resource allocation should be considered in SL-U evaluation.
[bookmark: _Toc32199][bookmark: _Toc111231141][bookmark: _Toc31729][bookmark: _Toc24884][bookmark: _Toc14848][bookmark: _Toc5296]In SL-U evaluation, the following assumptions are added to the simulation parameters of deployment scenarios :
[bookmark: _Toc111231142][bookmark: _Toc6694][bookmark: _Toc2070][bookmark: _Toc11563][bookmark: _Toc12641][bookmark: _Toc1612]Interleaving resource allocation is used as the baseline simulation assumption.
[bookmark: _Toc16787][bookmark: _Toc18929][bookmark: _Toc21062][bookmark: _Toc111231143][bookmark: _Toc25525][bookmark: _Toc14212]Non interleaving resource allocation is optional for SL-U evaluation.

In the evaluation for NR-U, it is assumed that - 82 dBm is adopted for the minimum received power from serving cell for UE dropping. According to our understanding, the limitation of the minimum received power is to avoid the situation where the minimum received power is significantly lower than the noise power. We believe that the minimum received power should also be considered for the evaluation of commercial use cases in SL-U. According to the latest proposals in RAN1 #109-e, the actual received power is significantly less than the noise power in the commercial use cases, when the distance between the transmitting and receiving UEs is large enough, e.g. 120 meters.
Therefore, it is necessary to limit the received power to not less than the minimum received power for the evaluation for commercial use cases in SL-U. For unicast, it is suggested that a RX user is re-droped when the received power between TX-RX UEs is less than -82 dBm. As for the evaluation for groupcast, SL UEs form groupcast UE group based on TX-RX UE distancing , it should be guaranteed that received power of the RX UE is not less than - 82 dBm and TX-RX UE distancing is not larger than X meters in the groupcast UE group. Here, the distance X is provided by each company. For evaluation of broadcast traffic, it is suggested that only RX UEs with received power not less than - 82 dBm are considered for performance statistics.

[bookmark: _Toc10132][bookmark: _Toc13879][bookmark: _Toc111231144][bookmark: _Toc1704]The minimum received power should also be considered in the evaluation of commercial use cases in SL-U:
[bookmark: _Toc5543][bookmark: _Toc111231145][bookmark: _Toc19470][bookmark: _Toc14716]For unicast, a RX user is re-droped when the received power between TX-RX UEs is less than - 82 dBm.
[bookmark: _Toc3162][bookmark: _Toc20032][bookmark: _Toc16910][bookmark: _Toc111231146]In the evaluation for groupcast, it should be guaranteed that received power of the RX UE is not less than - 82 dBm and TX-RX UE distancing is not larger than X meters in the groupcast UE group. 
[bookmark: _Toc23209][bookmark: _Toc111231147][bookmark: _Toc16877][bookmark: _Toc7727]For evaluation of broadcast traffic, only RX UEs with received power not less than - 82 dBm are considered for performance statistics.

[bookmark: _Toc30716][bookmark: _Toc8335][bookmark: _Toc19141]Conclusion
In this contribution, the channel access mechanisms related topics are discussed. Based on the discussion, we have the following proposals:
Observation 1:	If UE-UE COT sharing is subject to CAPC and destination ID, the performance of UE-UE COT sharing will deteriorate.

Proposal 1:	For the initial channel access mechanism, a UE can initiate a COT by Type 1 LBT procedure for PSCCH/PSSCH/PSFCH transmissions.
Proposal 2:	In order to improve the reliability of PSFCH transmissions in SL-U, it is suggested to support multiple PSFCH transmission opportunities associated with one PSSCH.
•	FFS whether the same or different channel access mechanism should be used for these PSFCH transmission opportunities.
Proposal 3:	A UE is supported to initiate a S-SSB transmission by Type 2A LBT procedure.
Proposal 4:	It is suggested that an UE cannot initiate a COT by using type 2B/2C.
Proposal 5:	Further study and discuss whether and how to additionally support channel access for short control signaling such as S-SSB and/or PSFCH.
Proposal 6:	For the channel access mechanism of S-SSB transmission within a shared COT：
•	Type 2A/2B channel access mechanism is supported, which one to be used depends on gap length in SL-U
•	When the duration of S-SSB transmission is greater than 584 us, type 2C LBT procedure is not allowed for COT sharing.
Proposal 7:	For the channel access mechanism of PSFCH transmission during the shared COT：
•	Type 2A/2B/2C channel access procedure is supported, which one to be used depends on gap length between a PSFCH and a precedent SL transmission such as PSCCH/PSSCH.
Proposal 8:	For the channel access mechanism of PSCCH/PSSCH transmission within the shared COT：
•	When the duration of PSCCH/PSSCH transmission is greater than 584 us, Type 2C channel access is not allowed for transmission within a shared COT.
•	Type 2A/2B channel access procedure is supported, which one to be used depends on gap length between the PSCCH/PSSCH and its preceding SL transmission.
Proposal 9:	The CAPC parameter for UL in NR-U are reused for SL-U.
Proposal 10:	For unicast sidelink transmission with ACK/NACK enabled, it is suggested to reuse the CW adjustment mechanism in NR-U.
Proposal 11:	For PSCCH/PSSCH transmission with ACK/NACK disabled, further study on the adjustment mechanism of CW based on CBR.
Proposal 12:	For groupcast with type 1/2 HARQ feedback, the adjustment mechanism of CW needs to be further studied considering the following.
•	DTX case for groupcast type 1.
•	Part of member UEs feedback ACK while the left member UEs feedback NACK for groupcast type 2.
Proposal 13:	For SL-U, at least the default maximum energy detection threshold is supported .
Proposal 14:	Multi-channel access mechanism is not support for PSFCH/S-SSB transmissions, i.e., independent channel access procedure is performed on each channel for multi-channel PSFCH/S-SSB transmissions.
Proposal 15:	The UL multi-channel access mechanism in NR-U should be used as a baseline for a PSCCH/PSSCH transmission.
Proposal 16:	For the UE-UE COT sharing, at least the remaining COT duration should be indicated by an Initiating Device or the responding device.
Proposal 17:	UE-UE COT sharing is not subject to CAPC or destination ID.
Proposal 18:	A COT can be shared with all SL signals/channels including PSCCH/PSSCH, PSFCH, and S-SSB.
Proposal 19:	At least one of 1st and 2nd SCI should be supported for COT sharing indication.
Proposal 20:	A COT can be shared with multiple UEs:
•	FFS:Whether/how to ensure that transmissions from multiple UEs are continuous in time domain with a shared COT;
•	FFS:Whether a UE can access a shared channel by type 2 LBT within a shared COT, if the transmission gap occurs before its transmissions.
Proposal 21:	From the perspective of a UE, continuous transmissions should be supported.
Proposal 22:	The enhanced mode 2 resource allocation mechanism is introduced with the following features supported:
•	In the time domain, multiple selected resources are in the continuous sidelink slots;
•	In the frequency domain, multiple selected resources are in the same channel(s).
Proposal 23:	For the enhanced mode 2 resource allocation mechanism, the above two feature in the time and frequency domain should be guaranteed by one of the following:
•	The two features in proposal 22 should be ensured by sensing process of physical layer
•	MAC layer ensures that the selected time-frequency resources meet the two features in proposal 22.
Proposal 24:	In order to avoid the interruption due to PSFCH symbols, it is suggested that occupying signals may be transmitted on a PSFCH occasion within the continuous sidelink slots.
Proposal 25:	It is suggested that more resources can be selected/allocated for a TB in SL-U.
Proposal 26:	With more resources allocated/selected for a TB, it is suggested that the same resource can be selected or allocated for multiple different UEs.
•	FFS: How to resolve the transmission conflict from different UEs on the same resource.
Proposal 27:	In SL-U evaluation, 30 kHz is assumed for 80 MHz simulation bandwidth.
Proposal 28:	In SL-U evaluation, the following assumptions are added to the simulation parameters of deployment scenarios :
•	Interleaving resource allocation is used as the baseline simulation assumption.
•	Non interleaving resource allocation is optional for SL-U evaluation.
Proposal 29:	The minimum received power should also be considered in the evaluation of commercial use cases in SL-U:
•	For unicast, a RX user is re-droped when the received power between TX-RX UEs is less than - 82 dBm.
•	In the evaluation for groupcast, it should be guaranteed that received power of the RX UE is not less than - 82 dBm and TX-RX UE distancing is not larger than X meters in the groupcast UE group.
•	For evaluation of broadcast traffic, only RX UEs with received power not less than - 82 dBm are considered for performance statistics.

Appendix
Appendix 1:System level simulation assumption
Table 8-1 System level simulation assumption
	Parameter
	value

	evaluation scenario
	Scenario 1 (commercial use cases)---Option 1
[image: IMG_256]
a = 20m, b = 60m, c = 20m, d = 80 m

	Cast Type
	unicast

	Carrier frequency
	5 GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	The number of SL-U pairs
	5 pairs of UEs per 20MHz

	SL traffic model
	FTP model 3 with arrival rate 

	Channel model
	NR InH Mixed Office model used in NR-U (TR38.889)

	Receiver algorithm
	MMSE-IRC

	Interference model
	Downlink Wi-Fi: 5 UEs and 3Wi-Fi nodes are dropped



Appendix 2:The last proposals in RAN1 #109 meeting
	Proposal 1 (X)
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
[image: IMG_256]
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: IMG_257]
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.
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) 
FFS: Performance metric
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