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1 Introduction
At RAN#99, support for carrier aggregation for NR SL was agreed with a limited scope so that it could be completed for Rel18.  The scope for the SL CA objective was agreed as follows [1]:
List of restrictions in order to minimize WG efforts to support a basic version of SL CA in Rel-18.

· Only Mode 2 operation

· Intra-band CA only in FR1 ITS band (i.e., Band n47)

· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues

· Time resources for PSFCH are aligned among the carriers for CA

· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)

· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)

· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH

· No consideration for limited transmission and reception capability

· No primary/secondary carrier differentiation

· Reuse the LTE sidelink CA design for the following aspects:

· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication

· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.

· Note: The SL CA work in Rel-18 mainly targets some V2X use cases

In this contribution, we discuss initial RAN2 aspects for NR SL CA. 

2 Discussion
The figure below shows the protocol architecture for SL carrier aggregation in LTE [2].
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In LTE, each HARQ entity is assigned independently to a carrier.  As a result, when a HARQ process is initiated for a carrier, that HARQ process remains on that carrier until it can be released, or a new HARQ process (possibly with the same HARQ process ID) can be assigned to the same or different carrier.  Furthermore, each transport block and its HARQ retransmissions are mapped to a single carrier.
For carrier aggregation in NR, the same design as LTE should be reused.  Since the HARQ entity association to carriers is a basic property of the LTE design, we think it should be maintained.

Proposal 1:
One independent HARQ entity per carrier is assumed for NR SL CA, as in LTE.

Proposal 2:
Each transport block and its HARQ retransmissions are mapped to a single carrier.

LTE sidelink supports groupcast and broadcast.  In LTE, the UE is configured by upper layers with the carrier(s) which are allowed for a specific service based on the L2 destination ID.  Specifically, certain sidelink services may be limited to specific sidelink carriers and the UEs involved with those services can be equipped with transmission/reception on those carriers only.  For NR groupcast/broadcast, the same approach should be taken to determine the carriers over which a transmission associated with a L2 destination ID can be transmitted.

Proposal 3:
For groupcast/broadcast, the carrier(s) that can be used for transmitting data from a sidelink logical channel are configured by upper layers for the L2 destination.

NR sidelink also supports unicast between two UEs.  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 4:
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.

One restriction planned for carrier aggregation in Rel18 is to consider only mode 2 operation.  In autonomous resource selection for LTE, the UE performs combined carrier selection and resource (re)selection.  Specifically, whenever resource (re)selection is triggered, the UE first performs carrier (re)selection to select a set of candidate carriers and then performs the actual resource (re)selection on one of the candidate carriers.  Accordingly, this basic design principle should also be inherited by NR SL carrier aggregation.  

Proposal 5:
TX Carrier (re)selection is triggered each time TX resource (re)selection is triggered, as in LTE.

In LTE, selection of the set of candidate carriers is based on CBR and priority (PPPP).  Specifically, the UE is configured with a CBR threshold for selecting a carrier (threshCBR-FreqReselection) and another threshold for keeping a carrier that is already being used (threshCBR-FreqKeeping), where both thresholds are configured per PPPP associated with the data.  When the measured CBR on a carrier is below the threshCBR-FreqReselection, the UE considers the carrier as a candidate carrier for TX carrier (re)selection associated to the data for logical channels which are allowed by upper layers to use the carrier.  Furthermore, when a carrier is being used, the UE keeps the carrier as long as the measured CBR remains below threshCBR-FreqKeeping.  The UE then selects a number of carriers from the list of candidate carriers in order of lowest to highest CBR, where the number of carriers selected is up to the UE.

CBR and QoS should be the baseline for NR SL carrier selection.  For taking QoS into account, since PPPP is not used in NR, the CBR thresholds could be configured per L1 priority, per QoS flow, or per SLRB.  These details can be further discussed by RAN2.
In addition, the impact of carrier selection from features which are specific to NR SL should also be discussed given that such features were not present in LTE.  Specifically, straightforward selection of carriers based on CBR may not be feasible.  For example, given the one-to-one nature of unicast, carrier (re)selection should account for the carriers which could be configured between the UEs in PC5-RRC.  Furthermore, IUC may be available on some carriers (due to the UEs operating on those carriers) but not on others, and a TX UE that relies on IUC for transmission should prioritize those carriers.  Other criteria should be studied before we limit selection to CBR and QoS only.
Proposal 6:
The UE determines a set of candidate carriers based on at least CBR and QoS, as in LTE.  RAN2 discusses the applicability of NR specific criteria (e.g., IUC, cast type, etc.) and whether/how they impact carrier (re)selection.
Proposal 7:
CBR and QoS are used as criteria for keeping a selected carrier when it is currently being used, as in LTE.  FFS if other criteria specific to NR are needed.

LTE sidelink CA also supports duplication on two different carriers.  PDCP activates duplication for a SLRB when packets of the SLRB have PPPR below threshold (threshSL-Reliability).  If duplication is activated by PDCP, the MAC entity maps different sidelink logical channels corresponding to the same PDCP entity in duplication onto different carriers.  
Similar to priority for carrier selection, duplication should be enabled for specific QoS, either on a per QoS flow, or per SLRB.  Also, whether duplication is further dependant on NR specific criteria should be investigated.  

Proposal 8:
Duplication of data from a logical channel is supported across two sidelink carriers.  

Proposal 9:
QoS is used as conditions for enabling duplication, as in LTE.  RAN2 discusses the applicability of NR specific criteria and whether/how they impact the duplication decision.
3 Conclusion
In this contribution, the following conclusions were made on the design of sidelink CA for NR.
Proposal 1:
One independent HARQ entity per carrier is assumed for NR SL CA, as in LTE.

Proposal 2:
Each transport block and its HARQ retransmissions are mapped to a single carrier.

Proposal 3:
For groupcast/broadcast, the carrier(s) that can be used for transmitting data from a sidelink logical channel are configured by upper layers for the L2 destination.

Proposal 4:
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 5:
TX Carrier (re)selection is triggered each time TX resource (re)selection is triggered, as in LTE.

Proposal 6:
The UE determines a set of candidate carriers based on at least CBR and QoS, as in LTE.  RAN2 discusses the applicability of NR specific criteria (e.g., IUC, cast type, etc.) and whether/how they impact carrier (re)selection.

Proposal 7:
CBR and QoS are used as criteria for keeping a selected carrier when it is currently being used, as in LTE.  FFS if other criteria specific to NR are needed.

Proposal 8:
Duplication of data from a logical channel is supported across two sidelink carriers.  

Proposal 9:
QoS is used as conditions for enabling duplication, as in LTE.  RAN2 discusses the applicability of NR specific criteria and whether/how they impact the duplication decision.
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