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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the RAN2 work for the following bullet in WID of SL-U regarding the CAPC definition aspect. 
	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.



Discussion
[bookmark: _Toc114214864][bookmark: _Toc114245162]In NR-U, CAPC (Channel Access Priority Class) is used in LBT to decide the Contention Window size and Channel Occupancy Time. And CAPC can be determined based on the priority of the service.
In NR-U, the CAPC value can be configurable or fixed for different targets,
· Fixed to the lowest priority for the padding BSR and recommended bit rate MAC CEs;
· Fixed to the highest priority for SRB0, SRB1, SRB3, and other MAC CEs;
· Configured by the gNB (based on QoS) for SRB2 and DRB.
[bookmark: _Toc115380995]The CAPC for MAC-CE, SRB, and DRB are defined as configurable or fixed in NR-U.
For SL-U, the same mechanism can be reused.
[bookmark: _Toc115380999]For CAPC configuration in SL-U, following NR-U principle, adopt fixed CAPC value for SRB and MAC CE, but configurable CAPC value for DRB.
For the CAPC value configuration, gNB considers the 5QIs of all the QoS flows multiplexed in a DRB while considering fairness between different traffic types and transmissions. Table 1 below shows the mapping of standardized 5QIs and CAPC values.
Table 1: Mapping between Channel Access Priority Classes and 5QI
	CAPC
	5QI

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

	2
	2, 7, 71

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

	4
	-

	NOTE:	lower CAPC value means higher priority
-


The above mapping used in NR-U is copied from the LTE LAA conclusion from RAN2. 
During LTE discussion (RAN2 #93, [1]), considering the CAPC with a lower number (as compared to one with a higher number) has a higher chance of acquiring the channel, the more delay-sensitive traffic is mapped to classes with lower numbers. Specifically, for the service with standardized 5QI, a stricter Packet Delay Budget is to be mapped to higher priority classes (lower number). 
And priority class 4 may be used for services that have even lower priority, e.g. background data. However, there is no standardized 5QI defined for such services and it can be left to the operator to map such services to priority class 4.
[bookmark: _Toc115380996]The mapping between CAPC and 5QI is defined based on the principle that the more delay-sensitive traffic is mapped to classes with lower numbers, i.e., stricter Packet Delay Budget is to be mapped to higher priority classes (lower number).
When we come to SL-U where PQI is used, the mapping between PQI and CAPC value should be defined, and the above principle, i.e. stricter Packet Delay Budget rule can be reused. 
To sum up the CAPC determination of each 5QI:
Table 2: Mapping between Channel Access Priority Classes and PDB of the 5QIs
	CAPC
	5QI
	Packet Delay Budget

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85
	Mostly≤ 100ms (except for 70 as a Mission Critical data)

	2
	2, 7, 71
	100/150ms

	3
	4, 6, 8, 9, 72, 73, 74, 76
	≥300ms

	4
	-
	

	NOTE:	lower CAPC value means higher priority
-
	



The tables below show the standardized PQIs:
Table 3: Standardized PQI values for Prose defined in TS 23.304[2] that are additionally defined to QoS characteristics mapping
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	24
	GBR
(NOTE 1)
	1
	150 ms
	10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g. MCPTT)

	25
	
	2
	200 ms
	10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	26
	
	2
	200 ms
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	60
	Non-GBR
	1
	120 ms

	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g. MC-PTT signalling)

	61
	
	6
	400 ms

	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9 as specified in TS 23.501 [4])

	92
	Delay Critical GBR
(NOTE 1)
	5
	5ms

	10-4
	20000 bytes
	2000 ms
	Interactive service - consume VR content with high compression rate via tethered VR headset (See TS 22.261 [6])

	93
	
	6
	10ms

	10-4
	20000 bytes
	2000 ms
	interactive service - consume VR content with low compression rate via tethered VR headset;
Gaming or Interactive Data Exchanging (See TS 22.261 [6])

	NOTE 1:	GBR and Delay Critical GBR PQIs can only be used for unicast PC5 communications.


Table 4: Standardized PQI values for V2X defined in TS 23.287[3] to QoS characteristics mapping
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	21

	
GBR
	3
	20 ms

	10-4
	N/A
	2000 ms
	Platooning between UEs – Higher degree of automation;
Platooning between UE and RSU – Higher degree of automation

	22

	(NOTE 1)
	4
	50 ms
	10-2
	N/A
	2000 ms
	Sensor sharing – higher degree of automation 

	23
	
	3
	100 ms
	10-4
	N/A
	2000 ms
	Information sharing for automated driving – between UEs or UE and RSU - higher degree of automation

	55
	Non-GBR
	3
	10 ms 
	10-4
	N/A
	N/A
	Cooperative lane change – higher degree of automation

	56
	
	6
	20 ms
	10-1
	N/A
	N/A
	Platooning informative exchange – low degree of automation;
Platooning – information sharing with RSU 

	57
	
	5
	25 ms 
	10-1
	N/A
	N/A
	Cooperative lane change – lower degree of automation 

	58
	
	4
	100 ms
	10-2
	N/A
	N/A
	Sensor information sharing – lower degree of automation

	59
	
	6
	500 ms
	10-1
	N/A
	N/A
	Platooning – reporting to an RSU

	90
	Delay Critical GBR
	3 
	10 ms

	10-4
	2000 bytes
	2000 ms
	Cooperative collision avoidance;
Sensor sharing – Higher degree of automation;
Video sharing – higher degree of automation

	91
	(NOTE 1)
	2
	3 ms
	10-5
	2000 bytes
	2000 ms
	Emergency trajectory alignment;
Sensor sharing – Higher degree of automation

	NOTE 1:	GBR and Delay Critical GBR PQIs can only be used for unicast PC5 communications.



Based on the tables for PQI, if we categorize the PQI based on the above rule for the mapping between 5QI and CAPC in NR-U:
· For PQI 90/91/92/93, they have quite restrictive PDB requirement (i.e., 3/5/10ms), so should be categorized as CAPC class 1;
· For PQI 59/61, they have a loose PDB requirement (400/500ms), so should be CAPC class 3, if following the categorization in NR-U;
· For PQI 21/22/23/55/56/57/58, the PDB requirement of these PQI are all equal to or less than 100ms, so should be CAPC class 1, if following the categorization in NR-U;
· For PQI 25, it has a PDB requirement of 200ms (>100), and it is not Mission Critical Service, so CAPC class 2 seems appropriate;
· For PQI 24/26/60, On the one hand, if we determine the CAPC based on PDB, their PDB requirement is not that restrictive (i.e., 120/150/200ms), so seems ok to put them into CAPC class 2; On the other hand, they are Mission Critical Services, and 5QI 70 (as a Mission Critical Service) has been categorized as CAPC class 1 – so some discussion on taking either 1 or 2 would be helpful;
In summary, according to the above analysis, the suggested CAPC for each PQI is as follows:
Table 5: Standardized PQI values and the suggested CAPC level according to the PDB
	PQI Value
	Packet Delay Budget
	Suggested CAPC level 
	Use Case

	24
	150ms
	FFS whether 1 or 2
	ProSe, from 23.304

	25
	200ms
	2
	

	26
	200ms
	FFS whether 1 or 2
	

	60
	120ms
	FFS whether 1 or 2
	

	61
	400ms
	3
	

	92
	5ms
	1
	

	93
	10ms
	1
	

	21
	20ms
	1
	V2X, from 23.287

	22
	50ms
	1
	

	23
	100ms
	1
	

	55
	10ms 
	1
	

	56
	20ms
	1
	

	57
	25ms 
	1
	

	58
	100ms
	1
	

	59
	500ms
	3
	

	90
	10ms
	1
	

	91
	3ms
	1
	



[bookmark: _Toc115381000]R2 discusses mapping PQI 90/91/92/93/21/22/23/55/56/57/58 to CAPC priority class 1.
[bookmark: _Toc115381001]R2 discusses mapping PQI 59/61 to CAPC priority class 3.
[bookmark: _Toc115381002]R2 discusses mapping PQI 25 to CAPC priority class 2.
[bookmark: _Toc115381003]R2 discusses mapping PQI 24/26/60 to CAPC priority class 1 or CAPC priority class 2.
So it is suggested the below table for the mapping between PQI and CAPC values:
Table 6: Mapping between Channel Access Priority Classes and PDB of the PQIs
	CAPC
	PQI

	1
	21,22,23,55,56,57,58,90,91,92,93, [24, 26, 60]

	2
	25

	3
	59,61

	4
	-

	NOTE:	lower CAPC value means higher priority
-


Then in NR-U, when performing LBT for the transmission of an uplink TB, the CAPC value of the transmission of a MAC PDU (if not indicated in DCI) is determined according to the SDU type which is multiplexed in the MAC PDU, i.e., whether include MAC CE/DCCH SDU/CCCH SDU,
-	If only MAC CE(s) are included in the TB, the highest priority CAPC of those MAC CE(s) is used; or
-	If CCCH SDU(s) are included in the TB, the highest priority CAPC is used; or
-	If DCCH SDU(s) are included in the TB, the highest priority CAPC of the DCCH(s) is used; or
-	The lowest priority CAPC of the logical channel(s) with MAC SDU multiplexed in the TB is used otherwise.
For SL-U, the rule for CAPC determination should also be discussed. On the one hand, following the ‘lowest priority CAPC’ is straightforward since it is the lowest value that leads to the longest COT duration, and thus more effort on LBT check. On the other hand, there are indeed some cases where the ‘highest priority CAPC’ is followed, e.g., for MAC_CE or SRB presence cases. One may want to check whether we want to copy NR-U exactly, or pursue a simple rule that it is always the ‘lowest priority CAPC’ is followed.
[bookmark: _Toc115381004]RAN2 to discuss how to decide the CAPC of a MAC PDU in SL-U, e.g., always following the lowest priority CAPC, or allowing exceptional cases where the highest priority CAPC is followed as in NR-U.
[bookmark: _Toc114153059]Conclusion
We have the following observations:
Observation 1	The CAPC for MAC-CE, SRB, and DRB are defined as configurable or fixed in NR-U.
Observation 2	The mapping between CAPC and 5QI is defined based on the principle that the more delay-sensitive traffic is mapped to classes with lower numbers, i.e., stricter Packet Delay Budget is to be mapped to higher priority classes (lower number).

We have the following proposals:
Proposal 1	For CAPC configuration in SL-U, following NR-U principle, adopt fixed CAPC value for SRB and MAC CE, but configurable CAPC value for DRB.
Proposal 2	R2 discusses mapping PQI 90/91/92/93/21/22/23/55/56/57/58 to CAPC priority class 1.
Proposal 3	R2 discusses mapping PQI 59/61 to CAPC priority class 3.
Proposal 4	R2 discusses mapping PQI 25 to CAPC priority class 2.
Proposal 5	R2 discusses mapping PQI 24/26/60 to CAPC priority class 1 or CAPC priority class 2.
Proposal 6	RAN2 to discuss how to decide the CAPC of a MAC PDU in SL-U, e.g., always following the lowest priority CAPC, or allowing exceptional cases where the highest priority CAPC is followed as in NR-U.
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