
3GPP TSG-RAN WG2 Meeting #120
R2-2211553
Toulouse, France, 14th – 18th Nov., 2022

Agenda item:
8.15.2
Source: 
Huawei, HiSilicon

Title: 
Remaining issues on CAPC for SL-U
Document for:
Discussion and Decision

1
Introduction

In RAN2#119bis-e meeting, some agreements on CAPC for SL-U were reached as follow:
	Agreement on CAPC:

1: 
Working assumption: PQI is used to determine the CAPC mapping as in NR-U. FFS whether the same principle is also applied to the UE side.

2:
For SL-DRB the CAPC value is (pre)configurable per-DRB as in NR-U.

3:
For all SL-SRBs, CAPC value is fixed to the highest priority (i.e., lowest CAPC value).

4:
If PQI-based CAPC mapping is agreed, for all SL MAC CEs, CAPC value is fixed to the highest priority (i.e., lowest CAPC value).

5:
If PQI-based CAPC mapping is agreed, at least PDB can be used as the criterion to determine the CAPC mapping. FFS if any other additional criterions needed.

6:
As in NR-U, if SL CAPC is determined based on PQI, as a baseline, for non-standardized PQI, to use the CAPC of the standardized PQI which best matches the QoS characteristics of the non-standardized PQI. FFS if any specific work needed for RRC_INACTIVE/RRC_IDLE/OOC UEs.

7:
If PQI-based CAPC mapping is agreed, as in NR-U, to determine the CAPC of the SL TB when the CAPC is not indicated in the DCI:


- If only SL MAC CE(s) are included in the SL TB, the highest priority SL CAPC is used; FFS whether this rule can be extended to the case when SL MAC CE(s) multiplexed with STCH.

- If SCCH SDU(s) are included in the SL TB, the highest priority SL CAPC is used;


- FFS how to select SL CAPC when SL CAPC of the SL logical channel(s) with MAC SDU multiplexed in the SL TB is used otherwise.


In this contribution, we will discuss the remaining issues on CAPC for SL-U, in particular for the FFS in last meeting.
2
Discussion
Regarding the working assumption that PQI is used to determine the CAPC mapping as in NR-U, we understand that RAN2 should reuse NR-U mechanism, where the 5QI is used to determine the CAPC. As PQI can represent multiple high-level QoS characteristics (e.g. PDB, priority, PER and etc.), using PQI in the CAPC mapping can ensure a balance between fulfilling QoS requirements and maintaining fairness of channel access.

Proposal 1: RAN2 confirms the working assumption that PQI is used to determine the CAPC mapping. 

For the FFS that whether PQI is also used by UE to determine the CAPC mapping, we should consider the background of NR-U and the difference between SL and Uu. In RAN2#107bis [2], it was agreed that the selection of the CAPC should be determined by gNB to decide the CAPC of a DRB:
	=>
Aim to introduce a mechanism for SRBs for CG.  Try to find an easy way to capture this in the specs if possible. 

=>  For the determination of CAPC for a DRB, selection of the CAPC should be determined by gNB.  Write in the spec that gNB should try to guarantee fairness in stage 2.


In TS 38.300 [3], there are only descriptions on how the gNB decides the CAPC of a DRB taking into account the 5QIs of all the QoS flows multiplexed in that DRB while considering fairness between different traffic types and transmissions:
	5.6.2
Channel Access Priority Classes

The Channel Access Priority Classes (CAPC) of radio bearers and MAC CEs are either fixed or configurable for operation in FR1:

-
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 for SRB2 and DRB.

When choosing the CAPC of a DRB, the gNB takes into account the 5QIs of all the QoS flows multiplexed in that DRB while considering fairness between different traffic types and transmissions. Table 5.6.2-1 below shows which CAPC should be used for which standardized 5QIs i.e. which CAPC to use for a given QoS flow.

NOTE:
A QoS flow corresponding to a non-standardized 5QI (i.e. operator specific 5QI) should use the CAPC of the standardized 5QI which best matches the QoS characteristics of the non-standardized 5QI.

Table 5.6.2-1: 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

-

When performing Type 1 LBT for the transmission of an uplink TB (see TS 37.213 [37], clause 4.2.1.1) and when the CAPC is not indicated in the DCI, the UE shall select the CAPC as follows:

-
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.


Some companies may have concerns that the CAPC is optional in LCH configuration in NR-U. In our understanding, this optional CAPC configuration only means that the CAPC can be absent if the UE is not performing NR-U UL transmission or the UE is performing NR-U UL transmission via dynamic scheduling. In other words, the CAPC is mandatory if the UE is performing NR-U UL transmission via CG, in order to let UE to decide the CAPC of TB via CG transmission. Thus, there is no case for UE to decide the CAPC of a DRB in NR-U.
Observation 1: For UL transmission via CG in NR-U, the CAPC in LCH configuration is mandatory, to let UE to decide the CAPC of TB when the CAPC is not indicated in DCI.
Observation 2: In NR-U, 5QI is only used by the gNB to determine the CAPC mapping, i.e. the UE is not supposed to determine the CAPC mapping using 5QI.
However, the satiation in SL is different from that in Uu. The SL transmission can be performed when the UE is in RRC_INACTIVE/RRC_IDLE/OOC. For SL transmission, when the UE is in RRC_CONNECTED, the UE should report PC5 QoS flow information to gNB via SUI message, i.e. the gNB knows the QoS flow actually being transmitted when the UE is in RRC_CONNECTED. And for Uu transmission, the gNB can also know the QoS flow actually being transmitted from CN.
Observation 3: For Uu and SL, the QoS flow actually being transmitted can be known by the gNB respectively from CN and UE reporting.
While for SL, when the UE is in RRC_INACTIVE/RRC_IDLE/OOC, when the NW configures DRB for SL transmission, the NW can’t know the real QoS flows that actually being transmitted in SL DRB. Furthermore, considering the non-standardized PQI, the QoS flows that actually being transmitted in default SL DRB can be various. For example, the difference of PDB of QoS flows transmitted in default SL DRB can be large, i.e. QoS flow with PDB less than 100ms and QoS flow with PDB larger than 200ms may both be mapped into same default SL DRB. In other words, the CAPC of QoS flow mapped in default SL DRB can be different, as the QoS flow is unknown to NW.
Observation 4: For UE in RRC_INACTIVE/RRC_IDLE/OOC, the CAPC values of QoS flows mapped in default SL DRB can be different, where the QoS flows mapped are unknown to NW.
In such case, the CAPC of a SL DRB may be decided by UE other than NW, as the QoS flows that actually being transmitted in the SL DRB are known by the UE itself.
Proposal 2: RAN2 to discuss which option is adopted for SL-U:
· Option 1: the CAPC in SL LCH configuration is mandatory for mode-1 CG transmission and mode-2, i.e. the PQI is only used by NW to determine the CAPC mapping
· Option 2: UE can use PQI to determine the CAPC of a SL DRB in some cases (e.g. for default SL DRB configuration via SIB/pre-configuration, or the CAPC is not configured for such SL DRB)

In [4], it is clarified that relationship between CAPC and PDB of the 5QI as follow, and it can be found that the CAPC of a standardized 5QI based QoS flow mainly related to PDB, except for 5QI with value 70 which is a Mission Critical data QoS flow. In SL, we also have Mission Critical QoS flows, i.e. standardized PQI based QoS flow with value 24, 26, and 60. It can be found that the default priority of these Mission Critical QoS flows is 1 or 2, meaning they have relatively higher priority than non-Mission Critical QoS flows. 
Table 2: Mapping between Channel Access Priority Classes and PDB of the 5QIs [4]
	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

-
	


Therefore, besides the PDB used as the criterion to determine the CAPC mapping, whether the QoS flow is Mission Critical or whether the QoS flow has default priority of 1 or 2 can also be used as the criterion to determine the CAPC mapping. To be more specific, for the standardized PQI based QoS flow, if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow should be 1.
Proposal 3:  For standardized PQI based QoS flow:

· if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise,
· the CAPC of such QoS flow is determined by considering the PDB.
For the non-standardized PQI based QoS flow, it was agreed that the CAPC of the non-standardized PQI based QoS flow should use the CAPC of the standardized PQI based QoS flow which best matches the QoS characteristics of the non-standardized PQI. If the UE is in RRC_CONNECTED, how to determine “best matches the QoS characteristics” should up to gNB implementation. While for the case that UE is in RRC_INACTIVE/RRC_IDLE/OOC, if the option 2 in proposal 2 is agreed, the UE needs to determine the CAPC for these non-standardized PQI based QoS flow. In our thinking, similar to standardized PQI based QoS flow, whether the QoS flow is Mission Critical or whether the QoS flow has default priority of 1 or 2, and the PDB of non-standardized PQI based QoS flow, should be considered to determine the CAPC. That is, if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise, the CAPC of non-standardized PQI based QoS flow should use the CAPC of the standardized PQI based QoS flow for which there is minimum PDB difference.
Proposal 4:  If option 2 in proposal 2 is agreed, for standardized PQI based QoS flow:

· if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise,
· the CAPC of non-standardized PQI based QoS flow should use the CAPC of the standardized PQI based QoS flow for which there is minimum PDB difference.
When performing Type 1 LBT for the transmission of a sidelink TB and the CAPC of the TB is not indicated in the DCI, the UE needs to determine the CAPC of a TB transmission. 
In RAN2#119bis-e meeting, it was agreed that for all SL-SRBs and all SL MAC CEs, the CAPC value is fixed to the highest priority (i.e., lowest CAPC value). Then, regarding the FFS whether this rule can be extended to the case when SL MAC CE(s) multiplexed with STCH, in our thinking, this is different from NR-U. In NR-U, the CAPC of UL MAC CE is not always fixed to the highest priority (some UL MAC CEs have the lowest priority), but the CAPC of SL MAC CE is always fixed to the highest priority. Furthermore, it had been agreed that when the SL SRB(s) are multiplexed with SL DRB(s), the highest priority CAPC is used for the SL TB. There should be no justifications to distinguish the case of SL SRB(s) multiplexing with SL DRB(s) and the case of SL MAC CE(s) multiplexing with SL DRB(s). That is to say, when the SL MAC CE(s) are multiplexed with SL DRB(s), the highest priority CAPC should be used for the SL TB, otherwise there is no point to fix the SL MAC CE with the highest priority
For the case that when the SL DRB(s) multiplexed in the SL TB and there is no SL SRB(s) or SL MAC CE(s) are multiplexed in the SL TB, we should reuse legacy mechanism in NR-U, where the lowest priority CAPC is used.
Thus, for SL-U, the UE should determine the CAPC of the SL TB when the CAPC is not indicated in the DCI, as follows:

-
If SL MAC CE(s) are included in the TB, the highest priority CAPC is used; or

-
If SCCH SDU(s) are included in the TB, the highest priority CAPC is used; or

-
The lowest priority CAPC of the logical channel(s) multiplexed with SL MAC SDU in the TB is used otherwise.
Proposal 5: For SL-U, the UE should determine the CAPC of the SL TB when the CAPC is not indicated in the DCI, as follows::
-
If SL MAC CE(s) are included in the TB, the highest priority CAPC is used; or

-
If SCCH SDU(s) are included in the TB, the highest priority CAPC is used; or

-
The lowest priority CAPC of the logical channel(s) multiplexed with SL MAC SDU in the TB is used otherwise.
For UE to UE COT sharing, RAN 1 meeting #110 has agreed that the responding UE that uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information [5].
	Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:

· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.

· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information

· FFS any additional conditions

· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.

· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information

· FFS how to determine a SL UE is a target receiver FFS: details of the channel type of the COT initiating UE’s transmission

· FFS any additional conditions

· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).

· FFS: details of the channel type of the responding UE’s transmission(s)

· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18

· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


To implement RAN1 agreement that the responding UE shall have an equal or smaller CAPC value than the CAPC value indicated in a shared COT information, there could be two approaches from RAN 2:
· A COT initiating UE can select suitable responding UE having a TB to transmit with an equal or smaller CAPC value.
· A responding UE perform SL LCP in MAC layer to generate a TB with an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.
Proposal 6: For UE to UE COT sharing, to implement RAN1 agreement that the responding UE that uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information, use two approaches as: 
· A COT initiating UE can select suitable responding UE having a TB to transmit with an equal or smaller CAPC value.
· A responding UE perform SL LCP in MAC layer to generate a TB with an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.

3
Conclusion

In this contribution, we discussed the remaining issues of CAPC for SL-U and provide the following observations and proposals.
Observation 1: For UL transmission via CG in NR-U, the CAPC in LCH configuration is mandatory, to let UE to decide the CAPC of TB when the CAPC is not indicated in DCI.
Observation 2: In NR-U, 5QI is only used by the gNB to determine the CAPC mapping, i.e. the UE is not supposed to determine the CAPC mapping using 5QI.
Observation 3: For Uu and SL, the QoS flow actually being transmitted can be known by the gNB respectively from CN and UE reporting.
Observation 4: For UE in RRC_INACTIVE/RRC_IDLE/OOC, the CAPC values of QoS flows mapped in default SL DRB can be different, where the QoS flows mapped are unknown to NW.
Proposal 1: RAN2 confirms the working assumption that PQI is used to determine the CAPC mapping. 

Proposal 2: RAN2 to discuss which option is adopted for SL-U:

· Option 1: the CAPC in SL LCH configuration is mandatory for mode-1 CG transmission and mode-2, i.e. the PQI is only used by NW to determine the CAPC mapping

· Option 2: UE can use PQI to determine the CAPC of a SL DRB in some cases (e.g. for default SL DRB configuration via SIB/pre-configuration, or the CAPC is not configured for such SL DRB)

Proposal 3:  For standardized PQI based QoS flow:

· if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise,
· the CAPC of such QoS flow is determined by considering the PDB.
Proposal 4:  If option 2 in proposal 2 is agreed, for standardized PQI based QoS flow:

· if the QoS flow is Mission Critical or the QoS flow has default priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise,
· the CAPC of non-standardized PQI based QoS flow should use the CAPC of the standardized PQI based QoS flow for which there is minimum PDB difference.
Proposal 5: For SL-U, the UE should determine the CAPC of the SL TB when the CAPC is not indicated in the DCI, as follows::

-
If SL MAC CE(s) are included in the TB, the highest priority CAPC is used; or

-
If SCCH SDU(s) are included in the TB, the highest priority CAPC is used; or

-
The lowest priority CAPC of the logical channel(s) multiplexed with SL MAC SDU in the TB is used otherwise.
Proposal 6: For UE to UE COT sharing, to implement RAN1 agreement that the responding UE that uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information, use two approaches as: 

· A COT initiating UE can select suitable responding UE having a TB to transmit with an equal or smaller CAPC value.
· A responding UE perform SL LCP in MAC layer to generate a TB with an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.
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