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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK1]In this contribution, we will further investigate issues for NR sidelink CA as follow:
· [bookmark: _Hlk149227596]How TX UE to derive the carrier configuration
· SUI enhancement for CA/duplication
· [bookmark: _Hlk149227673]Detailed carrier information in PC5-RRC
· Whether/how to configure carrier set for the two RLC legs in case of PDCP duplication, for SCCH, in case of RRC_CONNECTED TX UE
· [bookmark: _Hlk149227867]Clarification for Sidelink CSI report MAC CE
· [bookmark: _Hlk149854331]Definition of PEMAX,CA based on RAN4 LS
2. Discussion
2.1. [bookmark: _Hlk146554322][bookmark: OLE_LINK7]How TX UE to derive the carrier configuration
There is an editor’s note in the running 38331 CR about TX carrier configuration [1].
	Editor's note: It is pending R2 discussion on how for Tx UE to derive the carrier configuration.


In our understanding, the TX carrier configuration should be discussed separately for the initial carrier configuration case and carrier re-configuration case.
[bookmark: OLE_LINK5]2.1.1	initial carrier configuration
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]At the very beginning, TX UE firstly obtains AS information about sidelink frequencies allowed for the current gNB from sl-FreqInfoToAddModList/ sl-FreqInfoToAddModListExt included in sl-ConfigDedicatedNR within RRCReconfiguration message, included in sl-ConfigCommonNR within SIB12, or included in SidelinkPreconfigNR. Subsequently, when sidelink services arrive, TX UE obtains sidelink frequencies mapping rule provided by upper layer. Furthermore, to ensure RX capability of receiving these sidelink services, TX UE still needs to obtain RX UE capable sidelink frequencies relying on PC5-RRC connection. In consideration of carrier selection, TX UE eventually decides initial carrier configuration for RX UE based on MAC layer’s selected carriers. After the carrier selection procedure, TX UE provides the carrier configuration to RX UE via RRCReconfigurationSidelink.
Observation 1: The MAC layer of TX UE will select the carriers based on the following factors:
· Sidelink frequencies allowed for the current gNB
· Sidelink frequencies based on QoS flow to carrier mapping rule provided by upper layer
· Sidelink frequencies supported by RX UE capability
[bookmark: OLE_LINK11]Proposal 1: The initial carriers derived by TX UE to configure RX UE are the carriers selected by MAC layer.
2.1.2	carrier re-configuration
As quoted by the Rapporteur, it is agreed that carrier can be released from carrier configuration, when such carrier is failure because of DTX-based PSFCH counting. TX carrier reselection can be triggered as a succeeding operation on condition of the carrier failure. In this sense, there can be two terms of specification impact.
On the one hand, due to the carrier failure, TX UE would consider the failed carrier to be not competent for sidelink transmission. On the other hand, TX UE may reselect other candidate carrier(s) satisfying carrier (re-)selection criteria as a reaction for carrier failure.
In view of carrier failure, TX UE would release the failed carrier for RX UE, by including the corresponding carrier ID in sl-CarrierToReleaseList included in RRCReconfigurationSidelink described in Section 5.8.9.1b.1 Sidelink Carrier Release. On the contrary, once deciding the applied carriers, TX UE would add/modify the newly re-selected carriers for RX UE in sl-CarrierToAddModList included in RRCReconfigurationSidelink in Section 5.8.9.1b.2.
Proposal 2: TX UE decides the carrier re-configuration for RX UE by:
· releasing failed carrier(s) from the last carrier configuration, on which numConsecutiveDTX reaches sl-maxNumConsecutiveDTX; 
· adding reselected carrier(s) to the last carrier configuration, whose CBR measurement is below threshCBR-FreqReselection
2.2. SUI enhancement for CA/duplication
On the basis of Section 2.1, there can be a situation that carrier is released due to HARQ-based DTX. In such situation, the failed carrier is not in use anymore for the current cell. In our understanding, information like this is valuable to be referred for gNB, to wisely configure/re-configure sidelink carriers in the near future. Thus, we believe the failed carrier(s) due to HARQ-based DTX scheme can be reported to gNB in SUI.
Proposal 3: TX UE reports to network about the released carrier(s) for which the carrier failure is declared via SidelinkUEInformation.
2.3. Detailed carrier information in PC5-RRC
There is an issue left for discussion that, what information should be included in carrier configuration from TX UE to RX UE.
	SL-CarrierConfig-r18 ::= SEQUENCE {
    sl-Carrier-Id-r18                       SL-CarrierId-r18,
    sl-AbsoluteFrequencyPointA-r18          ARFCN-ValueNR-r18                                                       OPTIONAL  -- Need R
}
Editor's note: Whether the field sl-AbsoluteFrequencyPointA is sufficient for Rx UE to understand the carrier to add/modify/release from Rx UE perspective.


According to the RAN1 LS[2], the carrier where SL RSRP is measured is defined as below: 
[bookmark: _Hlk149914065]"It indicates the lowest usable subcarrier on the carrier where SL RSRP is measured, determined according to sl-AbsoluteFrequencyPointA in IE SL-FreqConfig/SL-FreqConfigCommon and offsetToCarrier in IE SCS-SpecificCarrier configured for sl-SCS-SpecificCarrierList in IE SL-FreqConfig/SL-FreqConfigCommon. See TS 38.211 [16], clause 8.2.5."
In our understanding, the carrier where SL RSRP is measured can also be reused for the SL UE to uniquely identify the carrier where NR SL communication is transmitted or received. In other words, it is not sufficient that TX UE only informs RX UE about the absolute frequency of Point A, but the frequency offset in relation to Point A is needed as well. 
Observation 2: The identification of the carrier where SL RSRP is measured (see RAN1 LS R1-2310559) can be reused for the SL UE to uniquely identify the carrier where NR SL communication is performed.
Based on the above observation, there can be two signaling options for RX UE to understand the carrier.
Option 1: Introduce two fields (e.g., both sl-AbsoluteFrequencyPointA-r18 and sl-SCS-SpecificCarrierList-r18) per carrier configuration, in production of the lowest usable subcarrier on a carrier.
Option 2: Introduce one single field (e.g., sl-frequencyInfoSL-r18) per carrier configuration to directly identify the lowest usable subcarrier on a carrier.
In Option 1, the RX UE needs to do extra computation to derive lowest usable subcarrier on the carrier by itself, and then needs to rely on the computed result to uniquely identify the carrier where NR SL communication is performed. In Option 2, the TX UE directly configures the lowest usable subcarrier on the carrier so that the RX UE can directly use it as the carrier where NR SL communication is performed.
Compared with Option 1, Option 2 has less PC5 signaling overhead and UE complexity. Therefore, we propose:
[bookmark: OLE_LINK4]Proposal 4: Introduce one field (e.g., sl-frequencyInfoSL-r18) per carrier configuration in RRCReconfigurationSidelink, which indicates the lowest usable subcarrier on the carrier where NR sidelink communication is performed.
2.4. Dedicated RRC message to configure carrier set for the two RLC legs in case of PDCP duplication for SCCH
RAN 2#123bis meeting [3] has made the following agreements on how to decide on using PDCP duplication or not.
	Agreements on CA/PDCP duplication configuration
1. For STCH, if TX profile indicates backwards-incompatible, for RRC_IDLE/RRC_INACTIVE/OOC case, leave the decision of per-LCH carrier set for PDCP duplication to Tx UE implementation.
2. [bookmark: _Hlk149229813]For STCH, if TX profile indicates backwards-incompatible, for RRC_CONNECTED, dedicated-RRC provides per-LCH carrier set configuration
3. For STCH, if TX profile indicates backwards-incompatible, for RRC_CONNECTED, for a SLRB configured with duplication, Tx UE uses duplication
4. [bookmark: _Hlk149229753]For SCCH, at least for RRC_IDLE/RRC_INACTIVE/OOC cases, leave the decision of per-LCH carrier set for PDCP duplication to Tx UE implementation
5. For SCCH, add additional RLC leg configuration into specified SCCH configuration (w/o disable/enable flag), and leave the enable/disable decision of PDCP duplication to Tx UE implementation.
6. Include flow-to-carrier mapping for each destination into SUI message.
7. For STCH, if TX profile indicates backwards-incompatible, for RRC_IDLE/RRC_INACTIVE/OOC case, the Tx UE uses duplication based on SIB/Preconfiguration (e.g. if PDCP duplication is configured for the SLRB)
8. For STCH, if TX profile indicates backward compatible, leave it to UE implementation on whether to use single carrier transmission or PDCP duplication.


Nearly all the situations are clarified for PDCP duplication when UE stays at different RRC state. The only left issue is that, whether/how to configure carrier set for the two RLC legs when PDCP duplication is enabled, for SCCH, in case of RRC_CONNECTED Tx UE.
It is noted that, for STCH, if no backward compatibility is required, RRC_CONNECTED UE should be provided with per-LCH carrier set configuration via dedicated RRC message. We tend to believe the operation should be aligned for the same RRC state no matter what content the transmission carries. What is more, there is no way leave UE with no configuration when connecting to the network.
In our point of view, it is important to clarify that the carriers to transmit data from SCCH is firstly allowed by network configuration, and then decided by all the service running in the specific unicast link. Thus, if PDCP duplication is enabled for SCCH, the two orthogonal carrier sets are also generated from such allowed carrier sets. Since UE is RRC_CONNECTED, it reports QoS flow to frequency mapping to the network, which ensures that network has a good command of carriers allowed for SCCH transmission per unicast link. In this way, network is able to configure UE with two proper carrier sets for two RLC legs.
Observation 3: Network has knowledge of allowed carriers for SCCH per unicast link by the union set of carriers mapped from all the QoS flows running on such unicast link.
[bookmark: OLE_LINK12][bookmark: _GoBack]Proposal 5: For SCCH (specifically for SL-SRB1/2/3), for RRC_CONNECTED case, dedicated-RRC provides per-LCH carrier set configuration, in alignment with STCH for RRC_CONNECTED.
2.5. Clarification for Sidelink CSI report MAC CE
RAN2#123bis meeting [3] agreed on a working assumption regarding SL CSI report.
Agreements on CSI reporting MAC CE
1. Working assumption: It is up to UE implementation in which carrier the UE sends CSI reporting MAC CE.
In our understanding, it is agreeable to confirm this working assumption in the first hand, because no CSI reporting enhancement is expected for SL CA in Rel-18. According to the current spec description, there should be only one sidelink CSI report triggered by SCI within the CSI reporting latency bound window. Moreover, the required channel state information is towards the carrier on which the triggering SCI is received. To be more specific, UE would only measure the reference signal on the corresponding carrier where it receives SCI triggering sidelink CSI report.
Proposal 6: Confirm WA that it is up to UE implementation in which carrier UE sends sidelink CSI reporting MAC CE.
Proposal 7: Confirm that the content of sidelink CSI report MAC CE is set towards the measured RI and CQI of the carrier where UE receives the triggering SCI.
2.6. Definition of PEMAX,CA
In RAN4 LS [4], there are two issues which RAN4 informs RAN2. The first issue is to ask RAN2 to define the capability of UE power class per BC (Band Combination). The second issue is to ask RAN2 decision on the following two alternatives to define PEMAX,CA (Maximum allowed UE output power signalled by higher layers):
	For SL CA PEMAX,CA, the following alternatives are considered:
· Alt.1 : Reuse the existing IE for SL CA, i.e.,
· PEMAX,CA  = IE sl-maxTransPower (cc1) + IE sl-maxTransPower(cc2) 
· Alt.2 : Define new IE for SL CA, i.e.,
· PEMAX,CA  = new IE, sl-maxTransPower-CA


While we think issue 1 can be easily implemented by RAN2, we would like to further discuss issue 2 in this section.
In our understanding, both alternatives can work. 
Previously, when we discussed the sidelink transmission power for PSFCH, it is agreed that the maximum transmission power for PSFCH is the sum of fields sl-maxTransPower over multiple resource pools, as follow:
	SL-PowerControl field descriptions

	sl-MaxTransPower
Indicates the maximum value of the UE's sidelink transmission power on this resource pool when the sidelink transmission is performed only on this resource pool. The unit is dBm. If the sidelink transmission is PSFCH, and multiple resource pools are used, the maximum transmission power for PSFCH is configured as sum of fields sl-maxTransPower over multiple resource pools, as specified in TS 38.101-1 [15].


Observation 4: The maximum transmission power for PSFCH is the sum of fields sl-maxTransPower over multiple resource pools.
Therefore, we think the same logic can be applied here, which we can simply use alternative-1 to define the maximum transmission power in case of CA.
On the other hand, Alternative-1 can be used to denote the actual maximum transmission power. Because UE may select different CCs, the maximum transmission power for CC1+CC2 and the maximum transmission power for CC2+CC3 can be different. This could be clarified by RAN2.
Proposal 8: In alternative-1, (PEMAX,CA = IE sl-maxTransPower (cc1) + IE sl-maxTransPower(cc2)), RAN2 to clarify the CC1/CC2 are the selected carrier instead of configured carrier.
Based on the analyses, we prefer to adopt alternative-1.
Proposal 9: RAN2 to agree on Alternative-1 to define the PEMAX,CA, i.e. reuse the existing IE for SL CA. Send a reply LS to RAN4 about the agreement.
3. Conclusion
Further discussing the remaining issues on NR sidelink CA, this contribution concludes with:
How TX UE to derive the carrier configuration
Observation 1: The MAC layer of TX UE will select the carriers based on the following factors:
· Sidelink frequencies allowed for the current gNB
· Sidelink frequencies based on QoS flow to carrier mapping rule provided by upper layer
· Sidelink frequencies supported by RX UE capability
Proposal 1: The initial carriers derived by TX UE to configure RX UE are the carriers selected by MAC layer.
Proposal 2: TX UE decides the carrier re-configuration for RX UE by:
· releasing failed carrier(s) from the last carrier configuration, on which numConsecutiveDTX reaches sl-maxNumConsecutiveDTX; 
· adding reselected carrier(s) to the last carrier configuration, whose CBR measurement is below threshCBR-FreqReselection
SUI enhancements for CA/duplication
Proposal 3: TX UE reports to network about the released carrier(s) for which the carrier failure is declared via SidelinkUEInformation.
Detailed carrier information in PC5-RRC
Observation 2: The identification of the carrier where SL RSRP is measured (see RAN1 LS R1-2310559) can be reused for the SL UE to uniquely identify the carrier where NR SL communication is performed.
Proposal 4: Introduce one field (e.g., sl-frequencyInfoSL-r18) per carrier configuration in RRCReconfigurationSidelink, which indicates the lowest usable subcarrier on the carrier where NR sidelink communication is performed.
Whether/how to configure carrier set for the two RLC legs in case of PDCP duplication, for SCCH, in case of RRC_CONNECTED Tx UE
Observation 3: Network has knowledge of allowed carriers for SCCH per unicast link by the union set of carriers mapped from all the QoS flows running on such unicast link.
Proposal 5: For SCCH (specifically for SL-SRB1/2/3), for RRC_CONNECTED case, dedicated-RRC provides per-LCH carrier set configuration, in alignment with STCH for RRC_CONNECTED.
Sidelink CSI report MAC CE
Proposal 6: Confirm WA that it is up to UE implementation in which carrier UE sends sidelink CSI reporting MAC CE.
Proposal 7: Confirm that the content of sidelink CSI report MAC CE is set towards the measured RI and CQI of the carrier where UE receives the triggering SCI.
Definition of PEMAX,CA based on RAN4 LS
Observation 4: The maximum transmission power for PSFCH is the sum of fields sl-maxTransPower over multiple resource pools.
Proposal 8: In alternative-1, (PEMAX,CA = IE sl-maxTransPower (cc1) + IE sl-maxTransPower(cc2)), RAN2 to clarify the CC1/CC2 are the selected carrier instead of configured carrier.
Proposal 9: RAN2 to agree on Alternative-1 to define the PEMAX,CA, i.e. reuse the existing IE for SL CA. Send a reply LS to RAN4 about the agreement.
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