3GPP TSG-RAN WG2 Meeting #122
R2-2304979
Incheon, KR, May 22th~ 26th, 2023

Title:
Discussion on NR sidelink CA
Source:
ZTE Corporation, Sanechips

Agenda Item:
7.15.6
Document for:
Discussion, Decision

Introduction

In this contribution, we will discuss backwards compatibility,per-carrier CBR CA for unicast and other NR SL CA issues:

	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. 

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 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. 

agreement：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. 

agreement：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. 



Discussion
Backwards compatibility for GC/BC
In previous RAN2#121bis meeting, there is one FFS on backwards compatibility issue for NR sidelink CA. 
According to the latest WID[1], any 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) is not included.  Therefore, legacy UE can also decode the SCI transmitted by R18 UE.
R16/17 RX UE can decode the SCI transmitted by R18 UE.

For data duplication which is R18 CA feature, RAN2 agrees that it is performed in PDCP layer, and LCID hard coded is re-used for GC/BC duplicated data. For duplicated data, a new reserved LCID will be used to identify the corresponding logical channel.
For MAC subPDU identified by the reserved R18 LCID for duplication, this LCID is not reserved from R16/17 UE’s perspective. In other words, the LCID reserved for duplication is unknown for R16/17 UE. And according to current specification, for those MAC subPDUs identified by unknown LCID, legacy UE will discard the duplicated MAC subPDU.

Legacy UE will discard the MAC subPDU identified by R18 LCID reserved for duplication.
For the service data to be transmitted, R16/17 UE only support single carrier, R18 UE supports multiple carrier. And whether multiple carrier is used for transmitting the service data depends on the service-frequency mapping. From  our perspective, following two types of services can be considered:

Type 1: the service is received by R16/17 UE.
Type 2: the service is only received by  R18 UE, not received  by R16/17 UE.

For Type 1, if multiple carriers are indicated from V2X layer, due to lack of Release information of RX UE, R18 UE may transmit the data via CA manner, e.g. duplicate or split the packet on different carriers. If PDCP duplication is enabled, the duplicated packet will be discarded by MAC entity of legacy UE as we discussed above. However, in case the duplicated packet is HARQ enabled for GC, legacy RX UE will not send the HARQ feedback for this packet and R18 TX UE will re-transmit the packet until all re-transmission resources are exhausted. If duplication is not enabled, and more than one carriers are selected, R18 UE will split the packet to different carriers. In this case, due to legacy UE can only use one carrier, some packets can not be received.

For Type2, there is no capability issue.

If the service is received by R16/17 UE, and multiple carriers are indicated from V2X layer, R18 UE may transmit the data via CA manner, then it is possible that R18 TX UE may need to re-transmit the duplicated packet until all re-transmission resources are exhausted or legacy RX UE may not be able to receive the split packet transmitted on difference carriers.

Introduce a TX profile to handle the compatibility issue.
per-carrier CBR
In previous RAN2 meeting, it is FFS on how to determine the per-carrier CBR at least for GC/BC. 
In LTE V2X, same with NR V2X, CBR measurement is performed on resource pool level. However, the CBR of carrier is not discussed.  

According to 36.331 and 36.321, the pool selection is done in RRC layer and carrier selection is performed by MAC layer. In other words, the carrier selection is performed after pool is selected for each carrier. UE configured by upper layers for V2X sidelink communication shall only use the pool which corresponds to geographical coordinates of the UE, if zoneConfig is included or select the the pool which is associated with the synchronization reference source selected. If multiple pools are associated with the selected synchronization reference source, it is up to UE implementation which resource pool is selected for V2X sidelink communication transmission. Therefore only one resource pool is selected for each carrier finally. Then it is straightforward that the CBR of carrier is the CBR of selected sidelink resource pool. 

In NR V2X, the pool selection is done in MAC layer. Same with LTE V2X, only one resource pool can be selected. Then we think LTE principle can be re-used.

In LTE V2X, the CBR of carrier is the CBR of selected resource pool. Only one resource pool can be selected for each carrier.
Resource pool selection is done before carrier selection.
The CBR of carrier is the CBR of  the selected resource pool.
packet split
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.
Similar to LTE SL CA, MAC layer can select more than one carriers for a LCH to support packet split on multiple carriers based on UE implementation.
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.

Therefore, instead of a PPPR threshold, whether the PDCP duplication is enabled can be configured into radio bearer configuration directly.

Different from LTE SL where UE establishes SL radio bearer by itself, NR SL radio bearer is configured by network based on the QoS requirement. 
For PDCP duplication, introduce PDCP duplication enabled/disabled indication in NR SL-DRB configuration .

In NR V2X, unicast is supported. For SL unicast, SL-SRB is introduced to transmit PC5 NAS and RRC signaling. There are four different SRBs for sidelink communication as show in following:

SL-SRB0 is used to transmit the PC5-S message(s) before the PC5-S security has been established, i.e. DCR message. 

SL-SRB1 is used to transmit the PC5-S messages to establish the PC5-S security. 

SL-SRB2 is used to transmit the PC5-S messages after the PC5-S security has been established, which is protected. 

SL-SRB3 is used to transmit the PC5-RRC signalling, which is protected and only sent after the PC5-S security has been established. 

SL-SRB4 is used to transmit/receive the NR sidelink discovery messages.

For SRB4 which is used for discovery, it is questionable whether discovery message has reliability requirement and whether more than one carriers can be configured to transmit discovery message, it’s better to further check this with SA2.

SRB 0-3 is used for transmission of PC5 NAS signaling, SRB3 is for PC5-RRC signaling.Since NAS and RRC signaling are control plane signaling which also have reliability requirement, PDCP duplication is still needed for SL-SRB 0-3.

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 packet duplication configuration for SL-SRB, so that network can control the duplication of SRB.
It is suggested network can provide dedicated packet duplication configuration for SL-SRB 0-3.
Send a LS to SA2 to check whether discovery message has reliability requirement and whether more than one carriers can be configured to transmit discovery message.

CA issue for Unicast 
In last RAN2 meeting, one LS related to DST L2 ID to frequencies mapping for unicast is approved. In the LS, RAN2 has agreed that “RAN2 assume it is applicable to PC5 unicast SL CA after link has been established.”.

RAN2 assume it is applicable to PC5 unicast SL CA after link has been established.

And following agreements are made for GC/BC, but FFS for unicast:

Agreement 1. 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).

Agreement 2. 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.

Agreement 3. 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. 

Agreement 4. 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

For agreement 1 and 2, considering LCP procedure and resource selection does not differentiate the cast type, i.e. GC/BC/UC, we think agreement 1 and 2 can also be applied for unicast.

For unicast, 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
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).

For unicast, 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.

For agreement 3, for unicast transmission, same with GC/BC, CBR value is also applicable during resource selection, MCS selection and L1 power control. Therefore, per priority CBR threshold(including re-selection and keeping) is also needed for unicast carrier selection. However, for final carrier selection, different from GC/BC, RLF detection and RRC procedure is supported, final carrier determination may need to be be enhanced correspondingly.
For unicast, 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. FFS for further enhancement.

For agreement 4, HARQ-codec manner needs to occupy additional LCID space, which we think is inefficient for unicast. 

After unicast link is established, TX UE can send the dedicated RB configuration to RX UE for data receiving. Therefore, hard coded is not needed for unicast, 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 coded is still needed due to lack of PC5 RRC signaling exchange.

Unicast support dedicated RRC signaling exchange. HARQ coded manner for PDCP duplication is inefficient for unicast.

For unicast after link establishment, dedicated PC5 RRC signaling is used to configure the duplicated LCID.
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:
R16/17 RX UE can decode the SCI transmitted by R18 UE.

Legacy UE will discard the MAC subPDU identified by R18 LCID reserved for duplication.
If the service is received by R16/17 UE, and multiple carriers are indicated from V2X layer, R18 UE may transmit the data via CA manner, then it is possible that R18 TX UE may need to re-transmit the duplicated packet until all re-transmission resources are exhausted or legacy RX UE may not be able to receive the split packet transmitted on different carriers.

Introduce a TX profile to handle the compatibility issue.
In LTE V2X, the CBR of carrier is the CBR of selected resource pool. Only one resource pool can be selected for each carrier.
Resource pool selection is done before carrier selection.
The CBR of carrier is the CBR of  the selected resource pool.
Similar to LTE SL CA, MAC layer can select more than one carriers for a LCH to support packet split on multiple carriers based on UE implementation.
Different from LTE SL where UE establishes SL radio bearer by itself, NR SL radio bearer is configured by network based on the QoS requirement. 
For PDCP duplication, introduce PDCP duplication enabled/disabled indication in NR SL-DRB configuration .

It is suggested network can provide dedicated packet duplication configuration for SL-SRB 0-3.
Send a LS to SA2 to check whether discovery message has reliability requirement and whether more than one carriers can be configured to transmit discovery message.

RAN2 assume it is applicable to PC5 unicast SL CA after link has been established.

For unicast, 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
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).

For unicast, 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.

For unicast, 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. FFS for further enhancement.

Unicast support dedicated RRC signaling exchange. HARQ coded manner for PDCP duplication is inefficient for unicast.

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