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Introduction
In RAN #94e meeting, the WID of Rel-18 sidelink evolution was approved [1], and the objective for sidelink on unlicensed spectrum was listed in the updated WID as follows [2]:
	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· 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 Rel-18 SL evo, commercial use cases, such as smart home, AR/VR, intelligent office, may require high data rates in excess of what is possible in Rel-17. Increased data rate can be achieved with the support of sidelink over unlicensed spectrum.
In this contribution, we provide some analysis on channel access success probability of SL-U and try to figure out the factors affecting channel access efficiency of SL-U.
Discussion
2.1 Channel access success probability of SL-U
SL-U is mainly aimed to commercial use cases in Rel-18, and is expected to be a kind of competitive evolution technology comparing to WiFi. To figure out the advantage/disadvantage of SL-U, the channel access success probability of SL-U and the resource utilization rate should be studied. 
If following Rel-16/17 resource allocation/selection mechanism, for SL-U UE, the granularity for transmission, i.e. transmission time interval (TTI) is slot, and in mode 1, the up to three resources in a grant of a UE may be distributed in 32 slots, similarly in mode 2, a set of resources would be randomly selected discontinuously within the candidate resource set which is in a slot range of resource selection window. 
Based on above resource allocation/selection mechanism of SL-U, to evaluate SL-U, we can assume that UE performs LBT (listen before talk) before every transmission slot. And for each LBT procedure, channel access mechanisms from NR-U can be reused for sidelink unlicensed operation as cited in WID [1][2].

[bookmark: _Toc102057728][bookmark: _Toc16975]For evaluation, UE performs LBT(listen before talk) before every transmission slot.
[bookmark: _Toc102057729][bookmark: _Toc24600]For evaluation, channel access mechanisms from NR-U shall be reused for each sidelink transmission.

Specifically, to evaluate channel access success probability of SL-U, we can assume only 14 symbols in each slot is configured for sidelink, and the following LBT mechanism for SL-U can be assumed:
If Type 1 channel access is done completely before the first symbol boundary by initiating UE, then the channel is sensed to be idle and ready for a transmission.
COT (Channel Occupancy Time) sharing is supported between sidelink UEs. Once a COT sharing is initiated by Type 1 channel access, within the COT duration, UE may transmit with a complete Type 2 channel access check by the first symbol boundary. Relying on sidelink resource allocation/selection mechanism, likely we can regard the COT maintained by sidelink with Type 2 channel access. That means from the system perspective, we can assume the resources within the COT duration are obtained successfully.
802.11n WiFi channel access is used as reference where it is assumed that a WiFi UE may initiate a Type 1 channel access at any moment. For evaluation, the channel access parameters in Table 4.2.1-1 in TS 37.213 as below are applied for both SL-U and WiFi. The same number of UEs and the same traffic model are assumed for both WiFi and SL-U.
Channel Access Priority Class (CAPC) for UL[3]
	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 . 


[bookmark: _Toc102057730][bookmark: _Toc25901]For evaluation, the channel access parameters for UL in Table 4.2.1-1 in TS 37.213 are applied for both SL-U and WiFi. 
2.2 Simulation results of channel access success probability
In the following simulation results, channel access success probability is evaluated, and the metric is shown as occupied time resources ratio from system perspective. The ratio of occupied resources is defined as the successfully occupied transmission occasions divided by all the transmission occasions within the time window.
Based on the assumption in section 2.1, two cases are evaluated:
Case 1: Number of UEs is in range of [5,20] for each of SL-U and WiFi, the inter arrival time between packets is 100ms ±a, where a is an exponential random variable with 50 ms mean.
Case 2: Number of UEs is in range of [10,40] for each of SL-U and WiFi, the inter arrival time between packets is 200ms ±b, where b is an exponential random variable with 50 ms mean.

[image: ]
Figure 1: Ratio of occupied time resource in case 1
[image: ]
Figure 2: Ratio of occupied time resource in case 2

[bookmark: _GoBack]From above simulation results, when the channel is not busy, SL-U and WiFi have the similar performance in terms of the ratio of occupied time resources. But when the channel is getting busier, the channel access success probability of SL-U is going down and lower than WiFi.
The factors affecting efficiency of channel access is highly related on the channel access occasions and COT sharing mechanisms. Comparing to SL-U, WiFi has more opportunities to try to access the channel at any moment, but SL-U UE can only perform channel access before the slot boundary. To improve the performance of SL-U and enhance SL-U competitiveness, enhanced sidelink resource allocation/selection mechanism is recommended to increase the resource utilization rate as elaborated in our contribution [4], and enhancements on channel access exceeding NR-U can also be considered for SL-U in Rel-18 after addressing the issues related to slot boundary alignment, as well as transmission overhead such as additional gap symbols, AGC symbols. Based on above analysis, the following observation and proposal are given:
If channel access mechanisms from NR-U are reused for sidelink unlicensed operation without any enhancements, the channel access success probability of SL-U would be obviously lower than WiFi in particular for the channel busy use cases which is essential for high data rate applications.
[bookmark: _Toc102057731][bookmark: _Toc14027]Enhanced allocation/selection mechanism is recommended in Rel-18 sidelink evolution to increase the resource utilization rate.

Conclusion
According to the discussion above, we provide the following observation and proposals on improving the performance of SL-U and enhancing SL-U competitiveness:
Observation 1: If channel access mechanisms from NR-U are reused for sidelink unlicensed operation without any enhancements, the channel access success probability of SL-U would be obviously lower than WiFi.

Proposal 1: For evaluation, UE performs LBT(listen before talk) before every transmission slot.
Proposal 2: For evaluation, channel access mechanisms from NR-U shall be reused for each sidelink transmission.
Proposal 3: For evaluation, the channel access parameters for UL in Table 4.2.1-1 in TS 37.213 are applied for both SL-U and WiFi.
Proposal 4: Enhanced allocation/selection mechanism is recommended in Rel-18 sidelink evolution to increase the resource utilization rate.
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