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1. [bookmark: Proposal_Pattern_Length]Introduction
One of the topics for discussion as part of this WI is the support of carrier aggregation. In this regard, the following objective was agreed in RAN#99 meeting [1]:
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
· Only Mode 2 operation
· 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 the support of NR sidelink CA operation and present our views.
 
2. Discussion
It is clear from the WI description that the NR sidelink CA design shall follow the LTE sidelink CA design very closely, without the need for considering non-essential enhancements. Firstly, only mode 2 operation is supported. Moreover, the main features supported for NR include SL carrier selection, synchronization of aggregated carriers, power control for simultaneous SL transmissions and packet duplication. From this list, we think SL carrier selection and packet duplication fall more into RAN2 domain. Therefore, we think it would be good to start RAN2 work on these two aspects.
Firstly, the generalized Layer 2 structure for NR sidelink with CA configured should be agreed. We do not see any need to differ from the LTE case, except the inclusion of the SDAP sublayer, which is responsible for the QoS flow handling, due to the difference in QoS handling in NR sidelink compared to LTE. Similar to LTE, a single transport block is generated per TTI per carrier, and each TB and its potential HARQ retransmissions are mapped to a single carrier. The proposed structure, with the inclusion of a separate HARQ entity per each SL carrier, with aggregation happening at the MAC layer is depicted in the figure below:


Figure 1 Layer 2 structure for NR sidelink with CA configured
Proposal 1: The layer 2 structure for NR sidelink with CA configured is agreed and captured in stage-2 specification, based on LTE CA design as per figure 1.
2.1. Sidelink TX Carrier Selection
The next aspect to consider is support of carrier selection of SL transmission in case of mode-2 and how to adapt it from the LTE CA design. Similar to the LTE design, one or more carriers can be selected for V2X sidelink communication at the MAC layer. The carrier reselection may be performed by MAC when resource reselection is triggered and is triggered for each sidelink process. In the following discussion, we discuss the different factors which may be considered as part of the carrier selection procedure at the AS layer:
QoS priority
The most fundamental factor that determines whether the UE is allowed to use certain carriers for SL transmission need not deviate from LTE design. In LTE, the UE can be allowed/disallowed from using a certain carrier by way of mapping in SL-CBR-PPPP-TxConfigList [2]. Specifically, UE can be configured with a mapping between PSSCH TX parameters, CBR ranges and PPPP priority ranges (via network signaling and/or pre-configuration). The mapping was done via indices and the network can, by using certain configuration, ensure that certain carriers are allowed/disallowed or prioritized over others based on the configured ranges. For NR sidelink, the principle should remain the same, but instead of using the PPPP mapping to sl-Priority, the RRC configured LCH priority based on PC5 QoS information for a given bearer can be utilized within the SL-CBR-PriorityTxConfigList IE [3].
Proposal 2: RRC configured LCH priority based on PC5 QoS information for a given bearer (instead of PPPP as in LTE) is used for selecting SL carrier(s) for transmissions.

Sidelink CBR
Same as the case of LTE Sidelink, the congestion on the channel (which is captured by the channel busy ratio) is the key parameter which shall determine whether the UE is allowed to consider that particular carrier as available for transmission. As such, if multiple sidelink carriers are available for transmission, a Tx carrier (re-)selection procedure considering multiple carriers need to be introduced for NR sidelink. A straightforward way to accomplish that is to follow LTE CA design, such that each carrier is associated with CBR thresholds for keeping or reselecting this carrier as well as an associated list of SL LCH priorities over which the CBR thresholds are applied. On a high level, when the UE considers each carrier which is configured by the upper layer/RRC, it shall determine whether to keep using this carrier or to reselect based on the priority of the logical channel for which data needs to be transmitted and the CBR thresholds.
Proposal 3: Sidelink CBR is utilized for TX carrier (re-)selection for NR sidelink, similar to LTE SL design.
Proposal 4: Separate CBR thresholds for keeping (threshCBR-FreqKeeping) or reselecting (threshCBR-FreqReselection) a particular SL carrier shall be configured to avoid frequent switching across different carriers, similar to LTE design.

Service type
Another factor to be considered is the set of particular services/service types that generate the sidelink packets for transmission. Based on the mapping between a particular service type and the set of carrier frequencies/CCs which is visible to the AS layer, we envision the UE to determine whether a particular CC is allowed for V2X transmission or not. Note that this mapping is generally dependent on non-radio related regulatory aspects which the UE is expected to always abide by. So, we consider this as a binary decision, i.e. a particular carrier is either considered for transmission or excluded based on whether the initiating service type allows. This criterion can either be implemented as a standalone filtering step in the AS layer or more likely, included as part of the configuration from RRC and/or upper layer. 
Proposal 5: Mapping between V2X service types and V2X carrier frequencies shall be configured by upper layers and the UE should ensure a V2X service shall only be transmitted on the corresponding carrier, similar to LTE design.

Sync ref priority:
The priority of the synchronization reference could itself be considered during the carrier selection procedure. The process of synchronization in NR sidelink is similar to LTE V2X design and so we assume the out of the set of (pre-)configured sidelink carriers, if there are multiple synchronizations carriers are available, the UE can prioritize among them based on the configured sync priority.
Proposal 6: RAN2 to discuss if the Sync Ref priority for component carriers shall be considered during the carrier selection procedure.
In case multiple candidate carriers are eligible for SL transmission after evaluating the above criteria, it needs to be discussed whether some additional selection step needs to be defined to narrow down the selection of the TX carrier. We can follow the LTE design principle in this case, i.e. if multiple carriers are considered, the UE selects one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR, starting from the lowest CBR carrier.
Proposal 7: If multiple carriers are considered during the TX carrier selection procedure for CA, the UE selects one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR, starting from the lowest CBR carrier (similar to LTE design).

2.2. Sidelink Packet Duplication
The other topic for discussion in RAN2 domain is regarding the support of packet duplication across multiple SL carriers. It is first worth noting that the underlying use case for LTE SL CA design was to enable transmission of duplicated copies of the same packet on different carriers, to target increased reliability due to diversity. For LTE sidelink, packet duplication is performed at the PDCP layer of the UE. 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. Meanwhile, from the RX UE perspective, packet duplication detection and reordering are supported at the PDCP layer. We do not see any issues for supporting the same mechanism for NR sidelink as well.
Proposal 8: Packet duplication for NR sidelink is performed at the PDCP layer. 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.
Proposal 9: RAN2 agrees that LCP restriction shall be defined such that the duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different NR sidelink carriers.
One aspect where NR sidelink design differs from LTE is the use of flow based QoS design as opposed to per packet QoS design. Specifically, LTE sidelink packet duplication relied on the PPPR metric, which was an indication of the reliability requirement for a given packet and whether it needs to be duplicated or not. For NR sidelink, while a clear analogue exists between (default) priority level and PPPP [4], it is not immediately clear what PPPR can be substituted with. We think one way is to define a direct mapping of specific PQI values to whether or not sidelink packet duplication shall be performed. This essentially means that for a given QoS flow, only packets corresponding to a certain standardized PQI value shall be duplicated. This mapping can either be hard-coded in the specification or alternatively, (pre-)configured to the UE per DRB such that only packets corresponding to a configured PQI value shall be duplicated (which may offer more flexibility). Alternatively, the packet duplication can be based on specific Packet Error Rate (PER) values, since it more directly corresponds to the reliability requirement for a given QoS flow.
Proposal 10: RAN2 is proposed to discuss how to define criteria for NR SL packet duplication (i.e. to replace PPPR from LTE SL):
· Based on configured mapping of standardized PQI values, such that only packets belonging to QoS flow with specific PQI value shall be duplicated
· Based on configured mapping to specific Packet Error Rate (PER) values, such that packets belonging to QoS flow with PER lower than a (pre-)configured threshold shall be duplicated
3. Conclusion
[bookmark: _Hlk85555806][bookmark: _Hlk85205107]This contribution discusses details on support of SL carrier aggregation and makes the following proposals:
Proposal 1: The layer 2 structure for NR sidelink with CA configured is agreed and captured in stage-2 specification, based on LTE CA design as per figure 1.
Proposal 2: RRC configured LCH priority based on PC5 QoS information for a given bearer (instead of PPPP as in LTE) is used for selecting SL carrier(s) for transmissions.
Proposal 3: Sidelink CBR is utilized for TX carrier (re-)selection for NR sidelink, similar to LTE SL design.
Proposal 4: Separate CBR thresholds for keeping (threshCBR-FreqKeeping) or reselecting (threshCBR-FreqReselection) a particular SL carrier shall be configured to avoid frequent switching across different carriers, similar to LTE design.
Proposal 5: Mapping between V2X service types and V2X carrier frequencies shall be configured by upper layers and the UE should ensure a V2X service shall only be transmitted on the corresponding carrier, similar to LTE design.
Proposal 6: RAN2 to discuss if the Sync Ref priority for component carriers shall be considered during the carrier selection procedure
Proposal 7: If multiple carriers are considered during the TX carrier selection procedure for CA, the UE selects one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR, starting from the lowest CBR carrier (similar to LTE design).
Proposal 8: Packet duplication for NR sidelink is performed at the PDCP layer. 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.
Proposal 9: RAN2 agrees that LCP restriction shall be defined such that the duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different NR sidelink carriers.
Proposal 10: RAN2 is proposed to discuss how to define criteria for NR SL packet duplication (i.e. to replace PPPR from LTE SL):
· Based on configured mapping of standardized PQI values, such that only packets belonging to QoS flow with specific PQI value shall be duplicated
· Based on configured mapping to specific Packet Error Rate (PER) values, such that packets belonging to QoS flow with PER lower than a (pre-)configured threshold shall be duplicated
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