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Introduction

During RAN#98 meeting, updated R18 NR sidelink evolution WI was approved [1]. According to the WID, one of the objectives is to study enhanced sidelink CA operation as shown below. :

	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 the NR sidelink CA.
Discussion
According the latest WID, sidelink CA operation is limited to mode2 resource allocation, no cross carrier scheduling is supported, no PCC/SCC differentiation, no enhancement on R17 features. And additionally, we will re-use LTE sidelink CA mechanism as much as possible. 

As we know, for sidelink communication in mode2 resource allocation, UE performs following steps for NR SL communication:

Step1: obtain the carrier information, DST L2 ID, cast type related to the service data.  

Step2: 

For the UE in IC and RRC Connected state, report the interested carrier for RX and TX to network and receiving the mode2 resource pool configuration, RB configuration from network.
For the UE in RRC IDLE/INACTIVE state, obtain the mode2 resource pool configuration, RB configuration from  SIB12/pre-configuration.

Step3: selecting the resource from the resource pool.

Step4: performing data transmission of groupcast/broadcast/unicast

During LTE sidelink CA, multiple carrier reporting and resource configuration, carrier (re-)selection including trigger conditions and criteria, packet duplication including enabling condition and LCID mapping, packet split, and synchronization carrier selection are discussed.

To support  NR SL CA for mode2, following issues needs to be solved:

1. In step1: how UE obtain and report the multiple carrier information

2. In step2: how to enable PDCP duplication for UE’s RB.

3.In step3: how to perform carrier (re)selection and corresponding criteria.

5. in step4: how to transmit duplicated and split packet and how RX UE identifies the duplication packet.
In following clause, we will discuss whether the LTE mechanism can be re-used or enhancement is needed one by one.
Multiple carrier configuration

As we know, depends on different network deployment, different service data can be transmitted on different carriers. Therefore, for a specific service, whether carrier aggregation can be used depends on whether the service is mapped to more than one carriers.
According to 24.587, for a service, one or more frequencies are passed into AS layer. Therefore multiple carrier information per service has been indicated to AS layer, no enhancement is needed for AS layer to be aware of multiple carriers associated to the service.

According to 24.587, multiple carrier information per service has been indicated to AS layer, no enhancement is needed for AS layer to be aware of multiple carriers per service.

For UE in RRC CONNECTED state, to performing sidelink communication in mode2, UE sends SUI to network to obtains mode2 resource pool and resource selection parameters of single TX/RX carrier from network, the carrier is identified by the carrier index within SIB12. 

For UE in RRC IDLE/INACTIE state, UE obtains  mode2 resource pool and resource selection parameters from SIB12/pre-configuration.
According to 38.331, SIB12/SUI has supported multiple carrier resource configuration and report via a carrier list. No enhancement is needed on this.
Legacy signaling SUI/SIB12 has supported multiple carrier resource request and configuration.
Sidelink carrier (re-)selection
During discussion of introducing CA for LTE sidelink, to simplify the design, RAN2 agrees that all Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier reselection, after finishing carrier re-selection procedure, UE select a transmission resource on the selected carrier, . With this simple solution, resource re-selection condition may cause carrier switching frequently, e.g. sl-ReselectAfter is reached, or grant can not meet the size of RLC PDU. In other words, if resource re-selection condition is met, it does not means the carrier is bad enough to be re-selected. Therefore, to avoid frequent carrier switching when resource relection condition is met, CBR keeping threshold is introduced for carrier selection. To be specific, for the selected carrier, if the CBR of it is below the keeping threshold, UE will keep the current selected carrier. 

For NR SL CA, we think such mechanism can be re-sued, i.e. legacy resource condition is considered as triggering of carrier re-selection and CBR keeping threshold is introduced to avoid frequent carrier switching.  

During LTE SL CA, Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier re-selection. To avoid frequent carrier switching when resource relection condition is met, a CBR keeping threshold is introduced. if the CBR of it is below the keeping threshold, UE will keep the current selected carrier.

Capture resource selection condition as condition for triggering carrier selection.
CBR keeping threshold is re-used as legacy.
For pre-emption/re-evaluation/conflicted is introduced in NR V2X. Different from full resource re-selection, UE will not release all selected resource, only the pre-emption/re-evaluation/conflict resource is re-selected. The remaining selected resource is still maintained. 

Then if carrier re-selection is triggered for pre-emption/re-evaluation/conflicted resource, it is possible that the selected resource link indicated by the SCI (initial+re-transmission+period transmission) will include resources in different carriers, which is not supported according to the WID, i.e.cross carrier scheduling in SCI is not supported in R18 .
Resource re-selection due to pre-emption/re-evaluation/conflicted resource can not be considered as triggers of carrier re-selection. Otherwise, the the selected resource link indicated by the same SCI (initial+re-transmission+period transmission) will include resources in different carriers which is not supported according to the WID.
In LTE sidelink, UE performs carrier selection per logical channel, each logical channel is associated to a priority value(in LTE the priority is PPPP value). For initial carrier selection or carrier switching(CBR of selected carrier is below keeping threshold), UE can select more than one carriers lower than CBR reselection threshold as candidate carrier and then select the carrier among the candidate carriers with increasing order of CBR from the lowest CBR. 

For NR SL CA, although LTE use PPPP as priority and NR SL LCH priority is configured by network, we think CBR and logical channel  priority share the same meaning with LTE SL, i.e. the load of current carrier and service priority respectively. Therefore, the CBR and priority can be re-used as the criteria for NR SL CA carrier selection.
Reuse LTE mechanism, CBR reselection threshold is introduced as criteria for carrier selection.
CBR keeping threshold and CBR reselection threshold is configured per logical channel priority.
Another benefit for using carrier aggregation is transmitting different packet on different carrier simultaneously to improve data rate. 

In LTE SL CA, packet split is supported by MAC layer. MAC entity can select more than one carrier for each logical channel based on UE capability. If more than one carrier is selected, UE can transmit packet of one logical channel on different carriers.

For NR SL CA, we think same mechanism can be re-used to support packet split.
MAC layer can select more than one carriers for a LCH to support packet split on multiple carrier based on UE implementation.

Packet duplication

Duplication enabling
One benefit for using carrier aggregation is transmitting duplicated packet on multiple carriers to improve data reliability. In LTE V2X CA, a PPPR value is introduced to indicate the reliability requirement and the PPPR value is associated to the LTE radio bearer. Due to radio bearer is established by UE self, i.e. network does not provide dedicated RB configuration for UE, a PPPR threshold is introduced to enable the duplication. If the PPPR value of the RB is higher than the configured PPPR threshold, the PDCP entity duplicates the PDCP PDUs, and submits the PDCP PDUs to both associated RLC entities. Considering that transmit duplicated packet in same carrier does not provide too much gains since the duplicated packet experience same channel state, the UE needs to map different sidelink logical channels which correspond to the same PDCP entity onto different carriers.

For NR SL CA, different with LTE V2X, NR SL support QoS flow and network configured RB configuration. Each QoS flow will associate a QoS profile indicating QoS requirement including priority, reliability. UE can obtains the QoS info to radio bearer mapping and RB configuration from pre-configuration/SIB12/dedicated signaling. In pre-configuration/SIB12, the QoS info include QoS profile including PQI or non-standard QoS parameters. For dedicated signaling, the PFI can be included in QoS info alternatively. For each RB configuration, network knows the detailed reliability requirement by reading the QoS mapping info.
Different from LTE where UE establish radio bearer by itself, NR sidelink radio bearer is configured by network based on the QoS requirement per QoS flow. 
Therefore, instead of a PPPR threshold, whether the PDCP duplication is enabled can be configured into radio bearer configuration directly.

For PDCP duplication, introduce PDCP duplication enabled/disabled indication in NR SL-DRB configuration .

Different with LTE V2X, unicast is supported by NR SL. For SL unicast, SL-SRB is introduced to transmit PC5 NAS and RRC signaling. Since NAS and RRC signaling are control plane signaling which also have reliability requirement, PDCP duplication is still needed for SL-SRB.

However,  SL-SRB is configured by specified configuration and can not be modified by network. If duplication is supported for SL-SRB, then PDCP duplication will be always enabled in specified configuration, which we think is not flexible, especially when UE is in RRC connected mode, network can not control the enable/disable PDCP duplication for SL SRB.
Therefore it’s better to allow network to provide dedicated RB configuration for SL-SRB, so that network can control the enable or disable of duplication of SRB via RRC signaling.
It is suggested network can provide packet duplication configuration for SL-SRB.

RX duplication configuration

In LTE SL CA, only groupcast/broadcast is supported, RX UE establish the RX RB by itself. When PDCP duplication is enabled, to make RX UE aware of the duplication state, LCID hard code is used. To be specific, some LCIDs are reserved for identifying logical channel which is used for duplication. 

For NR SL CA, for groupcast/broadcast, such mechanism can also be re-used for RX UE to identify the duplication state. For unicast, after unicast link is establishment TX UE can send the RB configuration to RX UE for data receiving . Therefore, hard code is not needed since TX UE can send the duplicated LCID via PC5 RRC signaling directly. RX UE will establish duplicated RLC and PDCP entity correspondingly. However, before unicast link is established, HARQ code is still needed due to lack of PC5 RRC signaling exchange.

For NR SL groupcast/broadcast and before unicast link is established, re-use LCID hard code for RX UE to identify the duplication logical channel.

For unicast after link establishment, dedicated PC5 RRC signaling is used to configure the RX side PDCP duplication.
Synchronization on multiple carrier
For UE performing sidelink communication, UE needs select a sync reference source to align the TX and RX time. When multiple carrier is introduced in LTE SL, the basic principle is that for the aggregated carrier, same sync arrier and reference resource is used. To be specific, following enhancement is made above the single carrier:

If there is a intersection between selected communication carrier set and configured sync carrier set, then select the carrier from intersection. Otherwise, select reference resource as legacy on each communication carrier, but only same reference source can be used for the aggregated carrier.

Considering the synchronization is RAN1 scope, it’s better to wait RAN1’s conclusion on this.

Wait RAN1’s conclusion on multiple carrier synchronization.
Conclusion
In this contribution, we have following observations and proposals:
Observation:According to 24.587, multiple carrier information per service has been indicated to AS layer, no enhancement is needed for AS layer to be aware of multiple carriers per service.

Observation: legacy signaling SUI/SIB12 has supported multiple carrier resource request and configuration.
During LTE SL CA, Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier re-selection. To avoid frequent carrier switching when resource relection condition is met, a CBR keeping threshold is introduced. if the CBR of it is below the keeping threshold, UE will keep the current selected carrier.

Resource re-selection due to pre-emption/re-evaluation/conflicted resource can not be considered as triggers of carrier re-selection. Otherwise, the the selected resource link indicated by the same SCI (initial+re-transmission+period transmission) will include resources in different carriers which is not supported according to the WID.
Different from LTE where UE establish radio bearer by itself, NR sidelink radio bearer is configured by network based on the QoS requirement per QoS flow. 
Capture resource selection condition as condition for triggering carrier selection.
CBR keeping threshold is re-used as legacy.
Reuse LTE mechanism, CBR reselection threshold is introduce as criteria for carrier selection.
.CBR keeping threshold and CBR reselection threshold is configured per logical channel priority.
MAC layer can select more than one carriers for a LCH to support packet split on multiple carrier based on UE implementation.

For PDCP duplication, introduce PDCP duplication enabled/disabled indication in NR SL-DRB configuration .

It is suggested network can provide packet duplication configuration for SL-SRB.
For NR SL groupcast/broadcast and before unicast link is established, re-use LCID hard code for RX UE to identify the duplication logical channel.

For unicast after link establishment, dedicated PC5 RRC signaling is used to configure the RX side PDCP duplication.
Wait RAN1’s conclusion on multiple carrier synchronization.
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