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1
Introduction

This contribution focuses mainly on the issue of QoS flow to carrier mapping for SL CA, we discuss other RRC corrections in Tdocs with RIL numbers. 

In RAN2#124 meeting [1], the issue of QoS flow to carrier mapping for RRC_INACTIVE/RRC_IDLE/OOC was discussed with following agreements reached:

	Agreements on QoS flows mapping to carriers:

Intersection among QoS flow ids belonging to a SLRB is considered in LCP. RAN2 understand NW/upper layer provides appropriate intersections if the service wants CA/PDCP duplication.


An LS was sent to SA2, and SA2 has returned a reply LS to RAN2[2] as:
	…
SA2 would like to thank RAN2 for the LS to SA2 on QoS to Carrier Mapping for SL CA (R2-2313623/S2-2400053).

Regarding the following assumption stated in the LS:

As a consequence of this agreement, it is RAN2’s understanding that upper layers and network ensure appropriate intersection of carriers for the QoS flows mapped to the same SLRB.

SA2 would like to clarify as follows:

· From the upper layer perspective, only PC5 QoS flows configurations are visible at the V2X layer and above. It is specified in TS 23.287 clause 5.4.1.1.3: 

· "In addition, the V2X layer also provides the communication mode (e.g. broadcast, groupcast, unicast) and radio frequencies for the PC5 QoS Flow to the AS layer for the PC5 operation. The radio frequencies are determined based on the V2X service type associated with the PC5 QoS Flow based on the configuration as described in clause 5.1.2.1." and 

· "The V2X layer ensures that V2X service types associated with different radio frequencies are classified into distinct PC5 QoS Flows."

· The mappings between the PC5 QoS flows and the SLRBs are part of the AS layer configuration, which is invisible to the V2X layer and above. As defined in TS 38.331 clause 6.3.5, the mapping is indicated by the sl-SDAP-Config nested inside the SL-RadioBearerConfig IE. Therefore, as illustrated in TS 23.287 Figure 5.4.1.1.3-1, the mapping of PC5 QoS flows to SLRBs is purely controlled and performed at the AS layer.  

As described above, the V2X layer has no knowledge about PC5 QoS flows mapping to SLRB. The V2X layer can only ensure that the V2X service types associated with different radio frequencies are not classified into the same PC5 QoS flow based on the configuration of the V2X service types to radio frequencies. 

SA2 would like to ask RAN2 to take the above into account in RAN2 work and handle the intersection of carriers at the AS layer.   

…


In this contribution, we will discuss the issue of QoS flow to carrier mapping for SL evolution based on the latest progress, and provide corresponding TPs.
2
Discussion
2.1
Discussion on reply from SA2
The original RAN2 understanding was that upper layer could provide sufficient number of carriers for QoS flows such that the intersection among QoS flows mapped to a same SLRB would be at least 1 or, the better, larger than 1 carriers. 

It was however not RAN2 intention that upper layer shall have knowledge about the mapping from QoS flows to radio bearers which is clearly within AS domain. 

As it seems to be that SA2 would not acknowledge RAN2 understanding on upper layer behaviour due to that the V2X layer has no knowledge about PC5 QoS flows mapping to SLRB, RAN2 can discuss whether to check with SA2 on the V2X layer's control on the carriers associated with QoS flows, that the number of associated carriers could be sufficient.  

Proposal 1: RAN2 to discuss whether to check with SA2 on the V2X layer's control on the carriers associated with QoS flows, that the number of associated carriers could be sufficient. 

Another aspect (for which SA2 has no comments) is that RAN2 agreed that NW may provide appropriate intersections if the service wants CA/PDCP duplication. 

During post meeting discussion [POST123bis][113][V2X/SL] QoS flows mapping to carriers (OPPO), some companies raised view that "NW may obtain prior information on IDLE/INACTIVE/OOC UEs to determine its SIB12/preconfiguration" and based on the prior information, NW can ensure at least partial overlapping and avoid the no-intersection case. 

RAN2 may discuss whether to ask SA/CT for confirmation on this prior information. 
Proposal 2: RAN2 to confirm with SA/CT on the understanding that NW provides appropriate intersections based on prior information from 5GC. 

2.2
Discussion on UE based solution for no-intersection case
If NW based solution is not feasible to provide appropriate intersections if the service wants CA/PDCP duplication (pending on SA/CT feedback), UE based solution can be discussed. 

When non-zero intersection exists, based on above RAN2 agreement ("Intersection among QoS flow ids belonging to a SLRB is considered in LCP"), the sidelink communication can still be performed either with CA or without CA. 

When there is no intersection, this could become an error case that SL communication cannot be preformed as no carrier for the SLRB can be found. 
For this error case, one solution is that UE is allowed to create more than one SLRBs (Option 1 in [POST123bis][113][V2X/SL] QoS flows mapping to carriers (OPPO)). One can argue that, in such error case, UE is allowed to not follow SDAP SLRB mapping as this mapping would lead to no SL connection. Another understanding could be that, UE is still following SDAP NW configuration and is not allowed to have arbitrary ways of interpretation of NW configuration, as long as UE behaviour is clearly described for this error case. For both understandings, UE always follows the PDCP/RLC/MAC configuration from NW. 
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Figure. 1 Illustration of carriers for SLRB with multiple SLRB established
Proposal 3: Adopt Option 1 (in [POST123bis][113][V2X/SL]) as UE based solution for no-intersection case. 
Proposal 4: Adopt the corresponding TPs in Annex if Proposal 3 is agreed. 
3
Conclusion

In this contribution, we discuss the issue of QoS flow to carrier mapping for RRC_INACTIVE/RRC_IDLE/OOC, and provide corresponding proposals:
Proposal 1: RAN2 to discuss whether to check with SA2 on the V2X layer's control on the carriers associated with QoS flows, that the number of associated carriers could be sufficient. 

Proposal 2: RAN2 to confirm with SA/CT on the understanding that NW provides appropriate intersections based on prior information from 5GC. 

Proposal 3: Adopt Option 1 (in [POST123bis][113][V2X/SL]) as UE based solution for no-intersection case. 

Proposal 4: Adopt the corresponding TPs in Annex if Proposal 3 is agreed. 
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Annex Text Proposal
TP1 (for TS 38.331 V18.0.0)
5.8.9.1a.2.1
Sidelink DRB addition/modification conditions

For NR sidelink communication, a sidelink DRB addition is initiated only in the following cases:

1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is not established; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is not established; or
1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is established and the carrier(s) associated with the sidelink QoS flow are different from the carrier(s) associated with the established sidelink DRB if the subset of carriers associated with all the sidelink QoS flows configured within the sidelink DRB configuration is 0; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is established and the carrier(s) associated with the sidelink QoS flow are different from the carrier(s) associated with the established sidelink DRB if the subset of carriers associated with all the sidelink QoS flows configured within the sidelink DRB configuration is 0;
For NR sidelink communication, a sidelink DRB modification is initiated only in the following cases:

1>
if any of the sidelink DRB related parameters is changed by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or RRCReconfigurationSidelink for one sidelink DRB, which is established;
TP2 (for TS 38.321 V18.0.0)
5.22.1.4.1.2
Selection of logical channels and SL-PRS
The MAC entity shall for each SCI corresponding to a new transmission:

1>
if sl-BWP-DiscPoolConfig, sl-BWP-DiscPoolConfigCommon, sl-BWP-PoolConfigA2X or sl-BWP-PoolConfigCommonA2X is configured according to TS 38.331 [5]; and

1>
if the new transmission is not associated to a sidelink grant on SL-PRS dedicated resource pool:

2>
if the new transmission is associated to a sidelink grant in sl-DiscTxPoolSelected or sl-DiscTxPoolScheduling configured in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon:

3>
select a Destination associated with NR sidelink discovery as specified in TS 23.304 [26], that is in the SL Active time for the SL transmission occasion if SL DRX is applied for the destination, and among the logical channels that satisfy all the following conditions for the SL grant associated to the SCI:

4>
SL data for NR sidelink discovery is available for transmission; and

4>
SBj > 0, in case there is any logical channel having SBj > 0; and
4>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and

4>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant.

2>
else if the new transmission is associated to a sidelink grant in sl-TxPoolSelectedNormal configured in sl-BWP-PoolConfigA2X or sl-BWP-PoolConfigCommonA2X:

3>
select a Destination associated with BRID if sl-A2X-Service in sl-TxPoolSelectedNormal indicates brid or bridAndDAA or select a Destination associated with DAA if sl-A2X-Service in sl-TxPoolSelectedNormal indicates daa or bridAndDAA as specified in TS 23.256 [31], and the logical channel with the highest priority, among the logical channels that satisfy all the following conditions for the SL grant associated to the SCI:

4>
SL data for A2X communication is available for transmission; and

4>
SBj > 0, in case there is any logical channel having SBj > 0.

2>
else:

3>
select a Destination associated to one of unicast, groupcast and broadcast (excluding the Destination(s) associated with NR sidelink discovery as specified in TS 23.304 [26]), that is in the SL Active time for the SL transmission occasion if SL DRX is applied for the destination, and having at least one of the MAC CE and the logical channel and pending SL-PRS transmission(s) with the highest priority, among the logical channels that satisfy all the following conditions and MAC CE(s), if any, and SL-PRS(s), if any for the SL grant associated to the SCI:

4>
SL data for NR sidelink communication is available for transmission; and

4>
SBj > 0, in case there is any logical channel having SBj > 0; and
4>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and

4>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant; and

4>
sl-HARQ-FeedbackEnabled is set to disabled, if PSFCH is not configured for the SL grant associated to the SCI.

4>
allowed on the carrier where the SCI is transmitted, if the carrier is configured by upper layers according to TS 38.331 [5] and TS 23.287 [19], if multiple carrier frequencies are configured and if the MAC entity has been configured with Sidelink resource allocation mode 2; and

NOTE 0:
A LCH for SL DRB is allowed in a carrier based on whether this selected carrier is within a subset of frequencies associated with all the PC5 QoS flows allowed to be mapped to this LCH based on RRC configuration, if the subset of frequencies associated with all the PC5 QoS flows allowed to be mapped to this LCH is larger than 0.

4>
having a priority whose associated sl-threshCBR-FreqReselection is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with clause 5.22.1.11, if multiple carrier frequencies are configured and if the MAC entity has been configured with Sidelink resource allocation mode 2.

1>
else:

2>
if COT sharing information has been received from lower layers as specified in TS 37.213[18]:

3>
if resources used for initial transmission for the SL grant associated to the SCI are within the COT duration and MAC entity decides to use shared COT with type-2 LBT:

4>
select a Destination associated to one of unicast, groupcast and broadcast that satisfy the following destination condition and CAPC condition, and having at least one of the MAC CE and the logical channel with the highest priority, among the logical channels that satisfy all the following conditions and MAC CE(s) satisfying CAPC and destination requirement, if any, for the SL grant associated to the SCI:

5>
if a Source Layer-1 ID and a Destination Layer-1 ID contained in the COT initiator's SCI match to the corresponding Destination Layer-1 ID and a Source Layer-1 IDs relating to the same unicast at the receiving UE and cast type indicator in the SCI is set to unicast; or if a Destination Layer-1 ID contained in the COT initiator's SCI match to a Destination Layer-1 ID known at the receiving UE and cast type indicator in the SCI is set to groupcast or broadcast; and
5>
if a CAPC value of the SL data has an equal or smaller CAPC value than a CAPC value indicated in the COT sharing information; and
5>
SL data is available for transmission; and

5>
SBj > 0, in case there is any logical channel having SBj > 0; and
5>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and

5>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant; and

5>
sl-HARQ-FeedbackEnabled is set to disabled, if PSFCH is not configured for the SL grant associated to the SCI.
2>
else if sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon is not configured according to TS 38.331 [5]; and

2>
if the new transmission is not associated to a sidelink grant on SL-PRS dedicated resource pool:

3>
select a Destination associated to one of unicast, groupcast and broadcast, that is in the SL Active time for the SL transmission occasion if SL DRX is applied for the destination, and having at least one of the MAC CE and the logical channel and pending SL-PRS transmission(s) with the highest priority, among the logical channels that satisfy all the following conditions and MAC CE(s), if any, and SL-PRS(s), if any, for the SL grant associated to the SCI:

4>
SL data is available for transmission; and

4>
SBj > 0, in case there is any logical channel having SBj > 0; and
4>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and

4>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant; and

4>
sl-HARQ-FeedbackEnabled is set to disabled, if PSFCH is not configured for the SL grant associated to the SCI; and

4>
allowed on the carrier where the SCI is transmitted, if the carrier is configured by upper layers according to TS 38.331 [5] and TS 23.287 [19], if multiple carrier frequencies are configured and if the MAC entity has been configured with Sidelink resource allocation mode 2; and

4>
having a priority whose associated sl-threshCBR-FreqReselection is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with clause 5.22.1.11, if multiple carrier frequencies are configured and if the MAC entity has been configured with Sidelink resource allocation mode 2.
NOTE 1:
If multiple Destinations have the logical channels satisfying all conditions above with the same highest priority or if multiple Destinations have either the MAC CE and/or the logical channels satisfying all conditions above with the same priority as the MAC CE, which Destination is selected among them is up to UE implementation.

1>
else: (i.e., the sidelink grant is associated with SL-PRS dedicated resource pool)

2>
select a Destination corresponding to the cast type of the SL grant and having pending SL-PRS transmission(s) with the highest priority for the SL grant associated to the SCI.

1>
select the logical channels satisfying all the following conditions among the logical channels belonging to the selected Destination when the UL grant is not associated to a sidelink grant on SL-PRS dedicated resource pool:

2>
SL data is available for transmission; and

2>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and.

2>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant; and

2>
allowed on the carrier where the SCI is transmitted, if the carrier is configured by upper layers according to TS 38.331 [5] and TS 23.287 [19], if multiple carrier frequencies are configured and if the MAC entity has been configured with Sidelink resource allocation mode 2; and

2>
having a priority whose associated sl-threshCBR-FreqReselection is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with clause 5.22.1.11, if multiple carrier frequencies are configured if the MAC entity has been configured with Sidelink resource allocation mode 2; and
2>
CAPC value of the SL data has an equal or smaller CAPC value than a CAPC value indicated in the COT sharing information if MAC decides to use the shared COT; and

2>
sl-HARQ-FeedbackEnabled is set to the value that satisfies the following conditions:

3>
if PSFCH is configured for the sidelink grant associated to the SCI and the UE is capable of PSFCH reception:

4>
sl-HARQ-FeedbackEnabled is set to enabled, if sl-HARQ-FeedbackEnabled is set to enabled for the highest priority logical channel satisfying the above conditions; or
4>
sl-HARQ-FeedbackEnabled is set to disabled, if sl-HARQ-FeedbackEnabled is set to disabled for the highest priority logical channel satisfying the above conditions.

3>
else:

4>
sl-HARQ-FeedbackEnabled is set to disabled.

NOTE 2:
HARQ feedback enabled/disabled indicator is set to disabled for the transmission of a MAC PDU only carrying CSI reporting MAC CE or Sidelink DRX Command MAC CE or Sidelink Inter-UE Coordination Request MAC CE or Sidelink Inter-UE Coordination Information MAC CE.
TP3 (for TS 38.300 V18.0.0)
16.9.10
Sidelink CA

Carrier aggregation (CA) in sidelink is supported for mode 2 and in V2X case only. It applies to both in coverage UEs and out of coverage UEs. Each resource pool (pre)configured for sidelink is associated to a single carrier. A UE using mode 2 resource allocation performs carrier (re)selection and may select one or more carriers used for sidelink.

The carrier(s) that can be used for transmitting data are provided by the V2X layer per QoS flow. If the subset of carriers associated with all the QoS flows configured within the sidelink DRB configuration is 0, the UE shall establish different sidelink DRBs for different QoS flows associated with different carrier(s) among all the QoS flows configured within the sidelink DRB configuration. If the subset of carriers associated with all the QoS flows configured within the sidelink DRB configuration is larger than 0, LCP ensures that data from a sidelink DRB is transmitted on a carrier for which all mapped QoS flows are allowed to use the carrier.
For groupcast and broadcast, when the V2X layer provides multiple carriers in QoS flow to carrier mapping information to the AS, TX profile is used to indicate whether the transmission corresponding to the QoS flow is backward compatible or not. When backward compatibility is needed, the TX UE uses only the legacy carrier without PDCP duplication, or uses PDCP duplication with at least the legacy carrier.

For groupcast and broadcast, carrier selection is performed at MAC layer, depending on the CBR of the configured carriers and logical channel priority. Carrier (re)selection may be performed when resource (re)selection is triggered, or when there is no SL grant for a sidelink process on any allowed carrier, and is triggered for each sidelink process. In order to avoid frequent switching across different carriers, the UE may keep using a carrier already selected for transmission, if the measured CBR on this carrier is lower than a (pre)configured threshold. For a UE using mode 2 resource allocation, logical channel prioritization is performed for a sidelink resource on a carrier depending on the CBR measured on the carrier and the logical channel priority, as specified in TS 38.321 [6]. For unicast, SL CA related capability is exchanged between the TX UE and RX UE, and the TX UE delivers the carrier configuration to the RX UE in PC5-RRC. For unicast, carrier selection and logical channel prioritization is performed similar to groupcast and broadcast among the carriers delivered in the carrier configuration. SL CA for unicast is not applied until the carrier configuration signalling is complete. Carrier (re)selection may be performed and a new carrier configuration is sent to the RX UE when the TX UE detects carrier failure on a specific carrier, as specified in TS 38.321 [6].

Sidelink packet duplication is supported for sidelink CA and is performed at PDCP layer. For sidelink packet duplication for transmission, a PDCP PDU is duplicated at the PDCP entity. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively. The duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers. For a SL DRB, sidelink packet duplication is (pre)configured in the bearer configuration. For applicable SL SRBs, whether to use duplication is decided by the TX UE. In unicast, the TX UE sends the duplication configuration to the RX UE in PC5-RRC.

There are specified logical channel identities which apply to the sidelink logical channel used for sidelink packet duplication exclusively as specified in TS 38.321 [6].
