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1. Introduction

In the NR sidelink WID [1], it was determined CA work is started and LTE Sidelink CA features will be supported in NR SL and LTE sidelink CA design is reused. The corresponding objective is as following
	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 last RAN2 meeting [2], sidelink CA for NR SL was discussed and following agreements were reached
	Agreement for CA framework: 

· Proposal 2. Support one independent HARQ entity per carrier used for NR sidelink communication and one transport block is generated per carrier. 

· Proposal 3. Support that each transport block and its retransmissions are mapped to a same single carrier.

Agreement for CA configuration for GC/BC 

· Proposal 3:
For groupcast/broadcast, as in LTE SL CA, the carrier(s) that can be used for transmitting data are configured by V2X layer for the L2 destination. FFS on backwards compatibility issue. 

Agreement for CA duplication
· 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 LCH mapping 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 16: For NR sidelink PDCP duplication, reuse the hard-coded way for paired sidelink LCID to identify duplicated sidelink LCHs (i.e. for a unified design for all Bcast/Gcast). The specific SL LCID values occupied are left to Stage-3. FFS on Unicast case. 

Agreement for CA carrier (re)selection:
· Proposal 10: For TX carrier (re)selection triggers in NR sidelink CA, reuse the triggers for TX carrier (re)selection per sidelink process in LTE sidelink CA as follows at least for GC/BC

· if the resource (re)selection is triggered with the sidelink process.

· if there is no sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers (i.e., RRC layer and V2X layer).

· FFS on unicast case. 

· Proposal 7
For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected. FFS on how to determine the per-carrier CBR at least for GC/BC.

· FFS on unicast case. 

· Proposal 5
NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value across carriers. Where the priority is the LCH priority. 

· FFS on unicast case. 

Agreement for CA configuration for UC:
· Proposal 1: Based on observation that section 6.1.2.12 of TS 24.587-v18.0.0 has captured V2X layer can be provisioned with service to frequency mapping for unicast. RAN2 assume it is applicable to PC5 unicast SL CA after link has been established. RAN2 notify SA2 this assumption and ask their input on identified questions.

· RAN2 ask SA2 input on Question 1: According to TS 24.588, V2X layer is only provisioned with a mapping between service identifier and initial L2 address used for unicast. But service identifier is invisible to AS-layer, and the initial L2 ID will only be used in DCR and be replaced by a self-chosen L2 ID in PC5-S link establishment procedure. Then, after L2 ID changes, whether/how UE's AS layer can obtain the mapping between L2 ID and frequencies.

· RAN2 ask SA2 input on Question 2: According to TS 24.587, PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair. Then, given service info is invisible to AS layer, how can the UE ensure the modified V2X services to be transmitted only on the corresponding frequencies in the V2X layer?


In this paper, carrier selection and PDCP duplication for NR sidelink CA is further discussed.

2. Packet Duplication
In last meeting, it was agreed that packet duplication for NR SL is performed at PDCP layer, which is same as in LTE SL CA. In LTE SL CA, the packet duplication is based on PPPR. For example, PDCP entity duplicates the PDCP PDUs for those SLRBs associated to packets which have PPPR value lower than the configured PPPR threshold. In NR SL, Per-flow PC5 QoS Model is used and no PPPR can be used anymore. Similar criterion as PPPR needs to be selected to reflect reliability requirement of the QoS flow, and for packet duplication scheme. 
A QoS flow is associated with a PQI and PFI. And according to PQI table in Annex, the parameter that associated with the PQI which can reflect reliability requirement is PER. In one option packet duplication could be enabled for service having a certain PQI, e.g. some threshold PQI could be defined. The PER requirement value in PQI table is {10-1, 10-2, 10-3, 10-4, 10-5, 10-6}, which is similar to PPPR level. Additionally, in NR SL, one or multiple QoS flows are mapped to a SLRB. The PER of a SLRB can be determined by the minimum PER value among all mapped QoS flows. Or the PER of a SLRB can be (pre)configured. The PER of a SL logical channel is same as the PER of the corresponding SLRB. We think that RAN2 should discuss based on which criteria packet duplication is applied for SL CA, e.g. based on PQI or PER of a SLRB/LCH.  
Proposal 1: Packet duplication design in NR SL CA is based on the PQI or PER of SLRB/LCH.
Then for PDCP packet duplication, PDCP entity duplicates the PDCP PDUs for those SLRBs for which the PQI is lower than a preconfigured threshold or PER is lower than the configured PER threshold, at least for broadcast or groupcast.
Proposal 2: PDCP entity duplicates the PDCP PDUs for those SLRBs for the PQI or PER is lower than the configured PER threshold, at least for broadcast or groupcast

For unicast case, PDCP duplication scheme can be different as in above proposal. For example, if the unicast link quality is high, even the reliability requirement is high, PDCP duplication is not necessarily activated. Otherwise, redundant resource is used and resource utilization efficiency is reduced. Therefore packet duplication should be rather enabled based on the instantaneous channel conditions or decoding result, e.g. based on HARQ feedback. Similar to NR Uu where packet duplication is enabled based on a NACK for LCHs which are configured for PDCP duplication, PDCP duplication could be also enabled SL CA unicast based on NACK feedback reception. But since unicast multi-carrier issue is waiting for the SA2 reply, the PDCP duplication for unicast case can be further discussed based on SA2 reply
Proposal 3: PDCP duplication for unicast case can be further study after receiving SA2 reply for unicast CA operation.

Another issue for PDCP duplication is the BSR reporting. In legacy LTE SL CA design, LCG is configured with PPPR, and SL-BSR will report data amount for PPPR associated LCG and destination. In NR SL CA, if PER/PQI of SLRB/LCH is used, LCG can be configured with PER and SL-BSR will report data amount for PER associated LCG and destination
Proposal 4: For SL-BSR, LCG is configured with PER, and SL-BSR will report data amount for PER associated LCG and destination.
3. Carrier (re)selection
In last meeting, for carrier (re)selection, it was agreed to reuse the scheme for TX carrier (re)selection in LTE sidelink CA at least for GC/BC, and FFS for unicast case. For unicast, besides existing carrier (re)selection trigger and criterion, unicast link quality of specific carrier can also be considered e.g. it is better to transmit data on a carrier with better quality. 
Proposal 5: for unicast case, further study carrier (re)selection consider unicast link quality of each carrier, if multi-carrier operation is confirmed for unicast case.
4. SL-RLF
Another issue relates to NR SL CA operation is the SL-RLF for unicast case. SL-RLF of unicast case is introduced in NR SL, and sidelink UE will declare SL-RLF for specific unicast link if RLC retransmission reach the maximum number, or consecutive DTX reach the threshold, or T400 expire, or integrity check failure. And after SL-RLF is declared for specific unicast link, sidelink UE will release the PC5-RRC connection for the unicast link. In NR SL with multi-carrier operation, SL-RLF declaration conditions except DTX can be reused, since they are not impacted by the multi-carrier operation.
Proposal 6: SL-RLF declaration conditions relates to RLC transmission number, T400 expiry, and integrity check failure can be reused in NR SL CA, if multi-carrier operation is confirmed for unicast case.
For SL-RLF declaration condition relates to DTX, it needs further discussion. For example, it is not clear the DTX number is counted per unicast link as in legacy or counted per SL carrier. If the DTX number is counted per unicast link as in legacy, the SL-RLF may be easily declared since DTX from all SL carrier for this unicast link will be counted. On the other hand, if sidelink UE transmit data on selected carrier and consecutive DTX reach the threshold, whether UE release the unicast link as in legacy, or trigger carrier (re)selection needs further discussion.
Proposal 7: SL-RLF declaration condition relates to DTX needs further discussion considering following issues, if multi-carrier operation is confirmed for unicast case.
· DTX number is counted per unicast link or per SL carrier

· Whether to trigger carrier (re)selection if SL-RLF is declared
5. Conclusion

In this contribution, the following observations and proposals are made:
Proposal 1: Packet duplication design in NR SL CA is based on the PER of SLRB/LCH.
Proposal 2: PDCP entity duplicates the PDCP PDUs for those SLRBs which PER is lower than the configured PER threshold, at least for broadcast or groupcast

Proposal 3: PDCP duplication for unicast case can be further study after receiving SA2 reply for unicast CA operation.

Proposal 4: For SL-BSR, LCG is configured with PER, and SL-BSR will report data amount for PER associated LCG and destination.
Proposal 5: for unicast case, further study carrier (re)selection consider unicast link quality of each carrier, if 
multi-carrier operation is confirmed for unicast case.
Proposal 6: SL-RLF declaration conditions relates to RLC transmission number, T400 expiry, and integrity check failure can be reused in NR SL CA, if multi-carrier operation is confirmed for unicast case.

Proposal 7: SL-RLF declaration condition relates to DTX needs further discussion considering following issues, if multi-carrier operation is confirmed for unicast case.
· DTX number is counted per unicast link or per SL carrier

· Whether to trigger carrier (re)selection if SL-RLF is declared
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Annex: PQI table

Table 5.4.4-1: Standardized PQI to QoS characteristics mapping [5]
	PQI

Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume
	Default

Averaging Window
	Example Services

	21

	
GBR
	3
	20 ms


	10-4
	N/A
	2000 ms
	Platooning between UEs – Higher degree of automation;

Platooning between UE and RSU – Higher degree of automation

	22

	(NOTE 1)
	4
	50 ms
	10-2
	N/A
	2000 ms
	Sensor sharing – higher degree of automation 

	23
	
	3
	100 ms
	10-4
	N/A
	2000 ms
	Information sharing for automated driving – between UEs or UE and RSU - higher degree of automation

	55
	Non-GBR
	3
	10 ms 
	10-4
	N/A
	N/A
	Cooperative lane change – higher degree of automation

	56
	
	6
	20 ms
	10-1
	N/A
	N/A
	Platooning informative exchange – low degree of automation;

Platooning – information sharing with RSU 

	57
	
	5
	25 ms 
	10-1
	N/A
	N/A
	Cooperative lane change – lower degree of automation 

	58
	
	4
	100 ms
	10-2
	N/A
	N/A
	Sensor information sharing – lower degree of automation

	59
	
	6
	500 ms
	10-1
	N/A
	N/A
	Platooning – reporting to an RSU

	90
	Delay Critical GBR
	3 
	10 ms

	10-4
	2000 bytes
	2000 ms
	Cooperative collision avoidance;

Sensor sharing – Higher degree of automation;

Video sharing – higher degree of automation

	91
	(NOTE 1)
	2
	3 ms
	10-5
	2000 bytes
	2000 ms
	Emergency trajectory alignment;

Sensor sharing – Higher degree of automation

	NOTE 1:
GBR and Delay Critical GBR PQIs can only be used for unicast PC5 communications.


7. NOTE 1:
For Standardized PQI to QoS characteristics mapping, the table will be extended/updated to support service requirements for other identified V2X services.

8. NOTE 2:
The PQIs may be used for other services than V2X.

9. NOTE 3:
A PQI may be used together with an application indicated priority, which overrides the Default Priority Level of the PQI.

Table 5.6.1-1: Standardized PQI values that are additionally defined to QoS characteristics mapping [8]
	PQI

Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume
	Default

Averaging Window
	Example Services

	24
	GBR

(NOTE 1)
	1
	150 ms
	10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g. MCPTT)

	25
	
	2
	200 ms
	10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	26
	
	2
	200 ms
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	60
	Non-GBR
	1
	120 ms


	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g. MC-PTT signalling)

	61
	
	6
	400 ms


	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9 as specified in TS 23.501 [4])

	92
	Delay Critical GBR

(NOTE 1)
	5
	5ms


	10-4
	20000 bytes
	2000 ms
	Interactive service - consume VR content with high compression rate via tethered VR headset (See TS 22.261 [6])

	93
	
	6
	10ms


	10-4
	20000 bytes
	2000 ms
	interactive service - consume VR content with low compression rate via tethered VR headset;

Gaming or Interactive Data Exchanging (See TS 22.261 [6])

	NOTE 1:
GBR and Delay Critical GBR PQIs can only be used for unicast PC5 communications.
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