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1
Introduction

In RAN#99 meeting, a WID revision[1] for NR sidelink evolution was approved, whereas the objective for SL CA was updated as shown below:
	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

· 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 will discuss some RAN2 specific issues for SL CA, and provide corresponding observations and proposals.
2
Discussion
2.1
SL carrier (re-)selection
For NR SL in mode-2, if CA is introduced, before obtaining SL grant for transmission, the UE should perform carrier (re-)selection, resource pool (re-)selection respectively, which is shown in fig.1.
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Figure 1: procedure for selected grant in mode-2
In LTE V2X [2], the carrier (re-)selection is based on carrier level CBR and a priority. As the mapping between zones and RPs can be configured, the UE selects the RP based on the zone where the UE is located. That is, once the carrier is selected, the RP is also chosen for the corresponding carrier. Therefore, in LTE V2X, the carrier level CBR is the corresponding RP level CBR based on the zone where the UE is located. 

Observation 1:  In LTE V2X,  UE can select the RP based on the zone where the UE is located, according to the mapping between zones and RPs.

Observation 2:  In LTE V2X,  the carrier level CRB is the corresponding RP level CRB based on the zone where the UE is located.
For carrier (re-)selection in NR SL, in our understanding, legacy mechanism based on CBR and priority could be reused.

Proposal 1:  Reuse legacy LTE V2X mechanism for carrier (re-)selection in NR SL, i.e. carrier (re-)selection is based on CBR and priority.
However, in NR SL, there is no mapping between zones and RPs, the UE can select the RP based on UE implementation. Since the carrier (re-)selection is performed before the RP (re-)selection, the UE cannot know which RP will be selected for each carrier, thus the UE cannot know which RP level CBR should be regarded as the carrier level BR.
Observation 3:  In NR SL,  the UE cannot know which RP level CBR should be regarded as the carrier level CRB, as the UE cannot know which RP will be used when performing carrier (re-)selection.
Therefore, RAN2 should discuss the definition of carrier level CBR for NR SL CA, e.g. use the highest RP level CBR as the carrier level CBR among CBRs of RPs associated with this carrier.

Proposal 2:  RAN2 to discuss the definition of carrier level CBR for NR SL CA, e.g. use the highest or the lowest RP level CBR as the carrier level CBR among CBRs of RPs associated with this carrier.
	5.14.1.5
TX carrier (re-)selection for V2X sidelink communication

The MAC entity shall consider a CBR of a carrier to be one measured by lower layers according to TS 36.214 [6] if CBR measurement results are available, or the corresponding defaultTxConfigIndex configured by upper layers for the carrier if CBR measurement results are not available.
If the TX carrier (re-)selection is triggered for a Sidelink process according to clause 5.14.1.1, the MAC entity shall:

-
if there is no configured sidelink grant on any carrier allowed for the sidelink logical channel where data is available as indicated by upper layers (TS 36.331 [8] and TS 24.386 [15]):

-
for each carrier configured by upper layers associated with the concerned sidelink logical channel:

-
if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel:

-
consider the carrier as a candidate carrier for TX carrier (re-)selection for the concerned sidelink logical channel.
-
else:

-
for each sidelink logical channel, if any, where data is available and that are allowed on the carrier for which Tx carrier (re-)selection is triggered according to clause 5.14.1.1:

-
if the CBR of the carrier is below threshCBR-FreqKeeping associated with priority of the sidelink logical channel:
-
select the carrier and the associated pool of resources.

-
else:
-
for each carrier configured by upper layers on which the sidelink logical channel is allowed, if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority of the sidelink logical channel;

-
consider the carrier as a candidate carrier for TX carrier (re-)selection.
The MAC entity shall:

-
if one or more carriers are considered as the candidate carriers for TX carrier (re-)selection:
-
for each sidelink logical channel allowed on the carrier where data is available and Tx carrier (re-)selection is triggered:
-
select one or more carrier(s) and associated pool(s) of resources among the candidate carriers with increasing order of CBR from the lowest CBR.

NOTE 1:
It is left to UE implementation how many carriers to select based on UE capability.

NOTE 2:
It is left to UE implementation to determine the sidelink logical channels among the sidelink logical channels where data is available and that are allowed on the carrier for which Tx carrier (re-) selection is triggered.
NOTE 3:
If the MAC entity is configured by the upper layer to receive a sidelink grant dynamically on the PDCCH, it is left to UE implementation to determine which carriers configured by upper layer in sl-V2X-ConfigDedicated, as specified in TS 36.331 [8] are considered as selected carriers for the sidelink synchronization procedures in clauses 5.10.7, 5.10.8 and 5.10.8a of TS 36.331 [8].


2.2
Packet duplication
To improve the transmission reliability, SL packet duplication can be introduced at PDCP layer of the UE, i.e. PDCP packet duplication. For transmission, a PDCP PDU is duplicated at the PDCP entity and the duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different LCHs respectively, whereas the two different LCHs are associated with different carriers to obtain frequency diversity during the transmission.
In LTE V2X [2], the values of LCID from "01011" to "10100" identify the LCHs used to send duplicated RLC SDUs from the corresponding LCHs for which the values of LCID from "00001" to "01010" are used in sequential order. The LCID for SL-SCH in LTE V2X can be found in table-1, it can be seen that PDCP duplication is only applied for data transmission, the PC5-S messages transmission does not use PDCP duplication.

Table 1 Values of LCID for SL-SCH in LTE V2X
	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-10100
	Identity of the logical channel which is used for duplication

	10101-11011
	Reserved

	11100
	PC5-S messages that are not protected

	11101
	PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	11110
	Other PC5-S messages that are protected

	11111
	Padding


Observation 4:  In LTE V2X, PDCP duplication is not applied for PC5-S messages transmission.
Observation 5:  In LTE V2X, hard coded LCID is used for PDCP duplication, i.e., the values of LCID from "01011" to "10100" identify the LCHs used to send duplicated RLC SDUs from the correspoding LCHs for which the values of LCID from "00001" to "01010" are used in sequential order.
While in NR SL, SL-SRBs are introduced not only for PC5-S messages transmission but also for PC5-RRC messages transmission. Considering for SRBs in Uu, the PDCP duplication is always active once the PDCP duplication is configured for SRBs to provide better "protection", compared with DRBs. In order to improve the transmission reliability similiarly for SL-SRBs, PDCP duplication could be supported for SL-SRBs.
Proposal 3:  RAN2 to discuss whether to support PDCP duplication for SL-SRB1/2/3/4.

Unlike only broadcast communication is supported in LTE V2X, unicast communication, groupcast communication and broadcast communication are supported in NR SL. Regarding hard coded LCID mechanism for PDCP duplication for unicast, UE can use configured LCID mapping for PDCP duplication. However, for groupcast and broadcast, interactive configuration cannot be performed between UEs since there is no PC5-RRC transmission. Therefore, legacy LCID mapping mechanism (i.e. hard coded LCID) could be used as baseline for NR SL CA.
Proposal 4:  Reuse legacy LTE V2X mechanism as baseline for NR SL CA PDCP duplication,  i.e.,  hard coded LCID for PDCP duplication.

2.3
Backward compatibility

For unicast communication in NR SL, UE should first establishment unicast link with peer UE, then the CA configuration can be performed between UEs. However, considering legacy UE who does not support multiple carriers, if the unicast link is to be established or the discovery is to be performed via the carrier which is not supported by the legacy UE, it will lead to the unicast link establishment failure or discovery failure..
Thus, RAN2 should study how to enable successful unicast link establishment or discovery considering backward compatibility with single-carrier legacy UE. 
Proposal 5:  RAN2 to study the backward compatibility in unicast link establishment or discovery considering legacy UE not supporting multiple carriers operation.

2.4
Tx profile for SL CA

In Rel-17, the Tx profile for SL DRX compatibility was introduced, whereas one or more Tx profile(s) are provided by upper layers to AS layer to indicate whether SL DRX is supported or not supported for a given destination L2 ID. It can be considered whether to introduce Tx profile for SL CA in Rel-18, similarly. The mapping between destination L2 ID and carrier set can be provided by upper layers to AS layer, in our thinking, such mapping relationship may indicate whether SL CA is supported for a given destination L2 ID. For example, if the carrier set contains only one carrier, the SL CA is not supported for the destination L2 ID, and if the carrier set contains multiple carriers, the SL CA is supported for the destination L2 ID.
Observation 6:  UE may decide whether SL CA is supported for a destination L2 ID based on the mapping relationship between destination L2 ID and carrier set configured by upper layers.

Proposal 6:  RAN2 to discuss whether to introduce Tx profile for SL CA.

2.5
Mode 2 operation

In current objective [1], only mode 2 operation is supported for SL CA. Considering the UE can also perform NR SL transmission in mode 1, we need to discuss how to ensure SL CA to be supported only in mode 2. There maybe two alternative solutions, one solution is the gNB still configure Tx UE that capable of SL CA in mode 1 but only schedules or configures single carrier resources to the Tx UE. Another solution is the gNB configure the Tx UE that capable of SL CA in mode 2, then the Tx UE can obtain multiple carrier resources to enable SL CA operations. In a word, it can be up to gNB implementation to ensure SL CA is only operated in mode 2. Actually we observe the "CA in mode 2 only" limitation in WID is not based on technical consideration but to limte the study scope. 
Proposal 7:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.

2.6
Other issues
For other issues which are not in RAN2 scope, e.g. synchronization of aggregated carriers, power control for simultaneous sidelink TX, it should be first discussed by RAN1.
Proposal 8:  RAN2 to wait for more progress from RAN1 on issues which are not in RAN2 scope, e.g., synchronization of aggregated carriers, power control for simultaneous sidelink TX.
3
Conclusion

In this contribution, we discuss some RAN2 specific issues for SL CA, and provide corresponding observations and proposals:
Observation 1:  In LTE V2X,  UE can select the RP based on the zone where the UE is located, according to the mapping between zones and RPs.

Observation 2:  In LTE V2X,  the carrier level CRB is the corresponding RP level CRB based on the zone where the UE is located.
Observation 3:  In NR SL,  the UE cannot know which RP level CBR should be regarded as the carrier level CRB, as the UE cannot know which RP will be used when performing carrier (re-)selection.

Observation 4:  In LTE V2X, PDCP duplication is not applied for PC5-S messages transmission.

Observation 5:  In LTE V2X, hard coded LCID is used for PDCP duplication, i.e., the values of LCID from "01011" to "10100" identify the LCHs used to send duplicated RLC SDUs from the corresponding LCHs for which the values of LCID from "00001" to "01010" are used in sequential order.
Observation 6:  UE may decide whether SL CA is supported for a destination L2 ID based on the mapping relationship between destination L2 ID and carrier set configured by upper layers.

Proposal 1:  Reuse legacy LTE V2X mechanism for carrier (re-)selection in NR SL, i.e. carrier (re-)selection is based on CBR and priority.
Proposal 2:  RAN2 to discuss the definition of carrier level CBR for NR SL CA, e.g. use the highest or the lowest RP level CBR as the carrier level CBR among CBRs of RPs associated with this carrier.
Proposal 3:  RAN2 to discuss whether to support PDCP duplication for SL-SRB1/2/3/4.

Proposal 4:  Reuse legacy LTE V2X mechanism as baseline for NR SL CA PDCP duplication. i.e., hard coded LCID for PDCP duplication.

Proposal 5:  RAN2 to study the backward compatibility in unicast link establishment or discovery considering legacy UE not supporting multiple carriers operation.

Proposal 6:  RAN2 to discuss whether to introduce Tx profile for SL CA.

Proposal 7:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.

Proposal 8:  RAN2 to wait for more progress from RAN1 on issues which are not in RAN2 scope, e.g., synchronization of aggregated carriers, power control for simultaneous sidelink TX.
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