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1 Introduction
NR CA uses LTE CA as a baseline.  However, in NR, support of unicast requires discussion of new aspects related to CA.  Specifically, configuration of the carriers, carrier selection, and HARQ DTX-based SL RLF need to be reconsidered. In this contribution, each of these aspects are considered in more detail. 
2 Discussion
2.1 CA Configuration for Unicast

In the case of unicast, the two UEs can exchange configuration information via PC5-RRC.  In this case, it would be better for the UEs to decide the carrier(s) to be used for the unicast link via PC5-RRC signaling.  This allows the UEs to better manage their capabilities based on the current ongoing unicast links and interested groupcast/broadcast services.  It also allows the UEs to select carriers for the unicast link that would result in the best performance and mitigate congestion.

Proposal 1:
For unicast, the carrier(s) that can be used for transmitting data from a sidelink logical channel are configured by PC5-RRC between the UEs.

How to select the carriers to be configured should be further discussed.  As per other AS-layer configuration, the TX UE should configure the RX UE with the potential carriers for carrier aggregation.  The RX UE will then be required, once configuration is complete, to monitor the configured carriers for unicast transmissions. 

Proposal 2:
TX UE configures the RX UE with the carrier(s) that can be used for transmitting data for the unicast link in SL reconfiguration message.

The selection of the carriers may be up to the TX UE or the RX UE.  On the one hand, the TX UE is configuring the RX UE, and could therefore decide the configuration.  On the other hand, the carriers configured should consider the capability of the RX UE and possibly also its preference at a given time.  For example, the RX UE may minimize the number of carriers it needs to monitor for different unicast links, or for groupcast/broadcast services.

A similar problem was encountered in DRX for unicast.  In this case, the RX UE was able to send assistance information to the TX UE and the TX UE selected the carrier based on the assistance information.  We think a similar approach can be used.  RAN2 can then further discuss which carrier to transmit the configuration signalling (before the carriers are configured) and whether any rules for selecting the carriers at the TX UE are required.
Proposal 3:
TX UE determines the carrier(s) that can be used for transmitting data for the unicast link based on assistance information and/or capability information provided by the RX UE.  Details are FFS.

At RAN2#122, CA/duplication for PC5-RRC was discussed and the following working assumption was made:

Agreement on PDCP duplication/SL CA for SL SRB

1:
Working assumption: SL CA/PDCP duplication is applied to PC5-RRC after SL link is established. FFS on exact time when it can be started.
In our view, SL-SRB, like any DRB established by the TX UE, should be subject to SL CA if SL CA is applied on the unicast link (i.e., following capability negotiation).  Specifically, once the unicast link has been configured and the TX UE has decided it can apply carrier aggregation, SL-SRB can be transmitted on any of the allowable carriers (as with any DRB).  Unicast link configuration will also determine whether or not duplication is applied on SL SRB.  However, during configuration, the TX UE uses the carrier(s) applicable for unicast link establishment, which is determined by upper layers. 
Proposal 4:
During unicast link configuration, PC5-RRC is transmitted on the carrier(s) determined by upper layers (e.g., for link establishment signalling).

Proposal 5:
Immediately following successful unicast link configuration, subsequent PC5-RRC signalling can be transmitted on the carrier(s) configured during this unicast link configuration.

Proposal 6:
PC5-RRC signalling during unicast link configuration can configure the duplication behaviour of SL SRB.

2.2 Carrier (Re)selection for Unicast

As discussed in RAN2#123, NR CA should implement a mapping of QoS flows to frequencies for unicast.  Specifically, the V2X layer may provide a mapping from QoS flow to carrier.  One method to implement this mapping that was discussed last meeting was the selection of a subset of carriers among all QoS flows.  In our understanding, this consist of selecting an intersection of the carriers which allows all QoS flows to be sent on the selected carriers.  We think that such approach cannot work in all cases since it may be possible that there are no intersecting carriers.  Instead, we think that a carrier can be selected if at least one carrier has a QoS flow mapped to that carrier.  Then, when LCP is applied on a grant associated with a carrier, only data from the LCHs where the QoS flow to carrier mapping is satisfied should be allowed.  Whether the same criteria can be used for groupcast/broadcast requires further discussion.

Proposal 7:
A carrier having at least one unicast QoS flow mapped to it by the V2X layer can be considered as an allowable carrier for carrier selection. 

Proposal 8:
LCP restricts the grant on a carrier to be used from LCHs that have an allowed QoS to frequency mapping (based on V2X layer). 

Furthermore, for unicast, straightforward selection of carriers based on CBR may not be feasible as some carriers may have inappropriate channel conditions.  For example, given the one-to-one nature of unicast, carrier (re)selection should account for unicast specific criteria such as RSRP measurements, CQI measurements, or presence of IUC information.

Proposal 9:
Unicast measurements are used to determine an allowable carrier for carrier selection.  FFS on the measurements (RSRP, CQI, IUC, etc).

Carrier selection involving unicast (possibly in conjunction with groupcast/broadcast) should use the same methodology inherited from LTE.  Specifically, this involves the following three aspects:

· Allowable carriers for transmission are selected based on some criteria (i.e., for groupcast/broadcast, the carriers where CBR is above a threshold)

· The UE selects a number of carriers (based on UE implementation) from the list of allowable carriers, in some order defined by some criteria (i.e., for groupcast/broadcast, order of increasing CBR)

· Some criteria are defined for the UE to keep a carrier once selected for ping-pong avoidance (i.e., for groupcast/broadcast, an additional CBR/priority threshold) 

At least CBR should be reused as the allowability criteria, ordering criteria, and keeping criteria for groupcast/broadcast.  For unicast, QoS and unicast measurements should be considered for these criteria. 

Proposal 10:
Carrier (re)selection mechanism involving unicast uses the following LTE-based procedure as a baseline: 1) Allowable carriers are selected from the set of configured carriers based on QoS, CBR and unicast measurements; 2) The UE selects the number of carriers from the list of allowable carriers that can be used to transmit the QoS flows, and orders them by CBR and/or unicast measurements; 3) The UE keeps a selected carrier once selected based on a keeping criteria of CBR and/or unicast measurements.
Following PC5 link reconfiguration, the TX UE may have a new set of carriers to operate on, specifically for transmission of data for the unicast link.  Additionally, the TX UE may decide to change its carriers used for groupcast/broadcast as well.  Therefore, the carrier selection procedure should be triggered at this point.

Proposal 11:
Carrier (re)selection can be triggered following PC5 link configuration.

2.3 DTX based SL RLF in SL CA

At RAN2#122, SL-RLF for a unicast link using SL CA was discussed.  Because it was assumed that HARQ feedback for transmissions is performed independently for each carrier in this release, a per-carrier counting for HARQ-based DTX was agreed: 
Agreement on DTX based SL RLF in SL CA
1:
The counting is calculated per carrier.

2:
Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.
Based on these agreements, when a TX UE reaches sl-MaxnumConsecutiveDTX on a specific carrier, it is assumed that the unicast link can continue to operate on other carriers allowable/negotiated between the two UEs.  Because of the SL-RLF like condition on the problematic carrier, that carrier should be excluded selection by the TX UE for transmission, at least for a period of time.  RAN2 should further discuss whether carrier reselection is needed at this point.  Specifically, the UE may decide to select a new carrier for transmission to replace the suspended carrier.
Proposal 12:
When sl-MaxnumConsecutiveDTX for a specific carrier, the TX UE suspends the carrier for a configured time period and triggers carrier reselection.  Suspended carriers are not considered for carrier selection.  FFS whether the UE triggers carrier reselection.
To avoid failed transmissions on the suspended carrier by the peer UE, a TX UE may inform its RX UE (via another carrier) of the suspension of the carrier.  On the other hand, whether this is necessary depends on whether the failure causes issues in both directions.  This point can therefore be discussed further by RAN2.
Proposal 13:
RAN2 discusses whether the TX UE can inform the peer unicast RX UE when it suspends a carrier for transmission.

Following carrier suspension, carrier reselection for the unicast link will avoid triggering of SL RLF as long as the TX UE is able to find another carrier that can be used for transmission to the RX UE.  The reselection following suspension should use the same criteria (i.e., CBR) as the initial carrier selection, and any time the UE is unable to find at least one carrier, SL-RLF should be triggered.
Proposal 14:
A UE triggers SL-RLF when carrier selection is unable to find at least one carrier with CBR larger than a threshold that can be used for that unicast link.

3 Conclusion
In this contribution, the following conclusions were made on CA considering unicast.
Proposal 1:
For unicast, the carrier(s) that can be used for transmitting data from a sidelink logical channel are configured by PC5-RRC between the UEs.

Proposal 2:
TX UE configures the RX UE with the carrier(s) that can be used for transmitting data for the unicast link in SL reconfiguration message.

Proposal 3:
TX UE determines the carrier(s) that can be used for transmitting data for the unicast link based on assistance information and/or capability information provided by the RX UE.  Details are FFS.

Proposal 4:
During unicast link configuration, PC5-RRC is transmitted on the carrier(s) determined by upper layers (e.g., for link establishment signalling).

Proposal 5:
Immediately following successful unicast link configuration, subsequent PC5-RRC signalling can be transmitted on the carrier(s) configured during this unicast link configuration.

Proposal 6:
PC5-RRC signalling during unicast link configuration can configure the duplication behaviour of SL SRB.

Proposal 7:
A carrier having at least one unicast QoS flow mapped to it by the V2X layer can be considered as an allowable carrier for carrier selection. 

Proposal 8:
LCP restricts the grant on a carrier to be used from LCHs that have an allowed QoS to frequency mapping (based on V2X layer). 

Proposal 9:
Unicast measurements are used to determine an allowable carrier for carrier selection.  FFS on the measurements (RSRP, CQI, IUC, etc).

Proposal 10:
Carrier (re)selection mechanism involving unicast uses the following LTE-based procedure as a baseline: 1) Allowable carriers are selected from the set of configured carriers based on QoS, CBR and unicast measurements; 2) The UE selects the number of carriers from the list of allowable carriers that can be used to transmit the QoS flows, and orders them by CBR and/or unicast measurements; 3) The UE keeps a selected carrier once selected based on a keeping criteria of CBR and/or unicast measurements.

Proposal 11:
Carrier (re)selection can be triggered following PC5 link configuration.

Proposal 12:
When sl-MaxnumConsecutiveDTX for a specific carrier, the TX UE suspends the carrier for a configured time period and triggers carrier reselection.  Suspended carriers are not considered for carrier selection.  FFS whether the UE triggers carrier reselection.

Proposal 13:
RAN2 discusses whether the TX UE can inform the peer unicast RX UE when it suspends a carrier for transmission.

Proposal 14:
A UE triggers SL-RLF when carrier selection is unable to find at least one carrier with CBR larger than a threshold that can be used for that unicast link.
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