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1
Introduction

During RAN2#105 meeting, it was agreed that per-flow QoS model is preferred for unicast and per-packet QoS model is preferred for broadcast and groupcast, but it is up to SA2 to make the final decision and an LS [1] was sent to SA2. At SA2#132, the QoS model for NR sidelink unicast, groupcast and broadcast was discussed and it was finally agreed that the unified bearer based QoS model (i.e. per-flow QoS model) is used for unicast, groupcast and broadcast. The corresponding LS [2] was sent to RAN2. In this contribution, we will discuss more details on QoS support for NR V2X communication based on SA2 progress.

2
Discussion

2.1 SLRB configuration
In the LS [2], for the QoS model supported for NR sidelink unicast, groupcast and broadcast, SA2 replies that:
	SA2 Response: It was agreed in SA2 to use the bearer based QoS Model (i.e. Per-Flow QoS model) for unicast, groupcast and broadcast operations (please see the attached S2-1904426). SA2 believes that a single PC5 QoS model for all NR sidelink cast type aligned with the Uu QoS model simplifies the overall system behavior. SA2 kindly requests RAN2 to take this information into account in their work.


Observation 1: SA2 agrees that the unified bearer based QoS model (i.e. per-flow QoS model) is used for unicast, groupcast and broadcast. 
2.1.1 Broadcast/groupcast
For the per-flow QoS model, each V2X packet passed from upper layer to AS layer is associated with a QFI. Additionally, the packet is associated to a Source and Destination (source and destination L2 ID). It was agreed in RAN2#105 that the SLRB configuration is configured by network for RRC connected UE. To acquire SLRB configuration and sidelink resource allocation, the RRC connected Tx UE shall report the QFI(s) of the V2X packets to per destination to gNB. Upon receiving the per destination QFI(s), gNB determines the SLRB configuration based on the QFI and corresponding QoS profile/parameters for the Tx UE. In NR Uu, multiple QFIs corresponding to similar PC5 QoS profile can be mapped to one DRB based on gNB configuration. The same principle can be reused for NR sidelink. Whether one or multiple QFIs mapped to a SLRB is up to network implementation. 
The PDCP/RLC/MAC parameters of SLRB should be aligned between Tx UE and Rx UE. Since there is no negotiation between Tx UE and Rx UEs for sidelink groupcast/boradcast communication, the parameters for both Tx and Rx UE, such as pdcp-SN-size and rlc-SN-length could be specified as fixed value. In addition, the network configured SLRB configuration for groupcast/broadcast Tx UE shall only include the Tx-only parameters (such as QFI to SLRB mapping, pdcp discard timer, header comprehension, logical channel configuration, etc.). The Rx-only parameters (such as t-reordering timer, t-assembly timer) in Rx UE could be up to UE implementation.
Proposal 1: Tx UE in RRC_Connected state could report the QFI(s) per destination to gNB for SLRB configuration.

Proposal 2: Multiple QFIs can be mapped to one SLRB (for the same source and destination).

Proposal 3: Since there is no negotiation between Tx UE and Rx UEs for sidelink groupcast/boradcast communication, the parameters for both Tx and Rx UE, such as pdcp-SN-size and rlc-SN-length could be specified as fixed value.

Proposal 4: For sidelink groupcast/broadcast communication, the network configured SLRB configuration for Tx UE shall only include the Tx-only parameters. The Rx-only parameters in Rx UE could be up to UE implementation.
2.1.2 Unicast
RLC AM is agreed to be supported for NR sidelink unicast communication. As discussed in [4], if uni-directional SLRB is used, each data transmission SLRB needs another uni-directional SLRB for the peer UE to transmit the corresponding RLC status report. The unicast UE pair needs to know the association between the data transmission SLRB and the corresponding RLC status report SLRB. Moreover, interaction is needed between the two SLRBs to implement the RLC AM. For example, when Rx UE detect a packet loss or receiving a polling of the data transmission SLRB, it triggers the corresponding RLC status report SLRB to transmit RLC status report. When Tx UE receiving RLC status report from the corresponding RLC status report SLRB, it informs the data transmission SLRB to retransmit the loss packets. On the other hand, if bi-directional SLRB is used, SLRB configuration collision may exist for inter-gNB sidelink commnication and partial coverage scenario since each UE gets SLRB configuration based on its own coverage/RRC state. Therefore, it is necessary to consider the unicast UEs coordination for the bi-directional SLRB configuration.
As we can see, both uni-directional and bi-directional SLRB have some issues to support RLC AM for sidelink unicast communication. For the uni-directional SLRB, it is not clear whether the RLC status report SLRB is dedicated for one data transmission SLRB or not, whether RLC status reports of one data transmission SLRB can be piggybacked to other SLRBs to transmit. In addition, the uni-directional SLRB to support RLC AM is not aligned with Uu RLC AM. So it is suggested to use bi-directional SLRB to support RLC AM for sidelink unicast.
Proposal 5: It is suggested that bi-directional SLRB is used to support RLC AM for sidelink unicast communication.
Suppose a RRC_Connected UE receives a bi-directional SLRB configuration from a peer UE, it should at least inform the LCID of the SLRB to the gNB. Then the gNB configures which LCG the logical channel associated with. In addition, the UE can report the SLRB configuration parameters to the gNB, then gNB may modify some configurations of the SLRB such as QFIs to SLRB mapping when UE has new QoS flow to transmit to the peer UE. On the other hand, If the UE in RRC idle/inactive state or out of coverage receives a bi-directional SLRB configuration from a peer UE, the UE compares the bi-directional SLRB configuration from the peer UE with the SLRB configuration in the SIB or pre-configuration, it may coordinate the SLRB configuration by itself and responses to the peer UE. 
Proposal 6: If RRC connected UE receives a bi-directional SLRB configuration from the peer UE, it shall at least inform the LCID of the SLRB to the gNB and gNB configure the associated LCG for subsequently SL BSR reporting. 
If a SLRB is configured with RLC UM, it can be configured as uni-directional. In addition, it can also be configured as bi-directional with similar approach proposed for RLM AM SLRB. There is no additional issues that needs to be considered to support bi-directional UM SLRB on top of bi-directional SLRB supported for RLC AM. Moreover, the bi-directional SLRB can reduce the logical channels used between the two UEs. Therefore, it is suggested that RLC UM SLRB can also configured as uni-directional or bi-directional. 
Proposal 7: For RLC UM SLRB, it can be configured as uni-directional or bi-directional.
2.1.3 RRC idle/inactive UE and Out of coverage UE
It was agreed in RAN2#105 meeting that for V2X communication in SL unicast/groupcast/broadcast, SLRBs are NW configured or pre-configured. For RRC connected UE, SLRB is configured via dedicated RRC signalling. For RRC idle/inactive UE, it is not clear how to configure SLRB, i.e. whether SIB-based SLRB configuration or pre-configuration is used. 

In LTE V2X, in coverage (RRC idle/connected) UEs are network controlled. RRC idle UE acquires sidelink resource pool and other sidelink configurations from V2X SIBs. Similar to LTE V2X, it is likely that NR RRC idle/inactive UEs are also controlled by network. That is, UE acquires sidelink resource pools and other sidelink configurations including SLRB configurations via V2X SIB from gNB. Therefore, it is suggested to adopt SIB-based SLRB configuration for RRC idle/inactive UEs. 

Proposal 8: For RRC idle/inactive UE, it is suggested to adopt SIB-based SLRB configuration.
As to the SIB-based SLRB configuration for RRC idle/inactive UEs, the SLRB configuration may contain several sets of SLRB configurations for given QFIs or associated PC5 QoS profiles. Since the RLC AM is supported only for unicast, some sets of SLRB configuration for unicast may differ from groupcast and broadcast. Each sets of SLRB configuration should be associated with the applicable cast type(s). 
Proposal 9: The SIB-based/pre-configured SLRB configuration may contain several sets of SLRB configurations and each set of SLRB configuration is associated with one or more QFIs and applicable cast type(s).

2.2 SLRB maintenance when UE coverage/state changes

The network coverage or RRC state of the UE may change from time to time. As we know, UE in different states obtains sidelink transmission resources from different sources. For example, UE in RRC connected acquires sidelink transmission resources from gNB via dedicated signalling, UE in RRC idle/inactive gets it from SIB message and out of coverage UE gets it from pre-configuration. When UE’s coverage or RRC state or communication mode changes, it is not clear how to handle the ongoing data transmission/SLRBs . 

Generally, UE’s network coverage/RRC state/communication mode change can be classified into the following scenarios:
Case 1: UE moves from RRC connected to RRC idle/inactive or out of coverage, or vice versa.
Case 2: RRC idle/inactive or out of coverage UE turns into RRC connected, or vice versa.

Case 3: UE’s communication mode changes from mode 1 to mode 2, or vice versa

Proposal 10: Whether the established SLRBs can be continuously used when UE’s communication mode or network coverage or RRC state changes should be studied.
To ensure service continuity, it is beneficial to keep using the already established SLRBs for ongoing data transmission when UE’s communication mode/network coverage/RRC state changes. But with different communication mode, the SLRB configuration may differ. For example, LCG id is needed for SLRB configuration of mode 1 UE while it is not needed for mode 2 UE. Therefore, some enhancements may need to be considered.
Proposal 11: If UE can keep using the established SLRBs in previous communication mode when changing to new communication mode, some enhancements may need to be considered.
2.3 Admission control
In NR Uu, when there is a resource request for transmitting some QoS flows, network can perform radio admission control based on radio resources and load status. In addition, when there is a resource request for a new QoS flow, network can decide whether the new QoS flow is accepted or rejected. In the case of resource limitation, existing QoS flow could be pre-empted by the new QoS flow based on ARP. 
Regarding to NR V2X, similar mechanism could be considered. For example, gNB may decide whether a new PC5 QoS flow requested to be transmitted is allowed or rejected. Specifically, when a new PC5 QoS flow is available for mode 1 UE, network may control whether it is allowed to be transmitted based on PC5 QoS profiles (e.g. GBR or non-GBR, ARP) obtained from core network and sidelink load status. For mode 2 UE, UE itself can decide whether a PC5 QoS flow is allowed to transmit based on provisioned PC5 QoS parameters and sidelink resource status. 

Proposal 12: It would be helpful to support sidelink admission control.
3
Conclusion
In this paper, based on SA2’s agreement that unified per-flow QoS model is used for sidelink unicast, groupcast and broadcast, more details on SLRB configuration and admission control were discussed. And we have the following observations and proposals:

Observation 1: SA2 agrees that the unified bearer based QoS model (i.e. per-flow QoS model) is used for unicast, groupcast and broadcast. 
Proposal 1: Tx UE in RRC_Connected state could report the QFI(s) per destination to gNB for SLRB configuration.

Proposal 2: Multiple QFIs can be mapped to one SLRB (for the same source and destination).

Proposal 3: Since there is no negotiation between Tx UE and Rx UEs for sidelink groupcast/boradcast communication, the parameters for both Tx and Rx UE, such as pdcp-SN-size and rlc-SN-length could be specified as fixed value.

Proposal 4: For sidelink groupcast/broadcast communication, the network configured SLRB configuration for Tx UE shall only include the Tx-only parameters. The Rx-only parameters in Rx UE could be up to UE implementation.
Proposal 5: It is suggested that bi-directional SLRB is used to support RLC AM for sidelink unicast communication.
Proposal 6: If RRC connected UE receives a bi-directional SLRB configuration from the peer UE, it shall at least inform the LCID of the SLRB to the gNB and gNB configure the associated LCG for subsequently SL BSR reporting. 
Proposal 7: For RLC UM SLRB, it can be configured as uni-directional or bi-directional.
Proposal 8: For RRC idle/inactive UE, it is suggested to adopt SIB-based SLRB configuration.
Proposal 9: The SIB-based/pre-configured SLRB configuration may contain several sets of SLRB configurations and each set of SLRB configuration is associated with one or more QFIs and applicable cast type(s).

Proposal 10: Whether the established SLRBs can be continuously used when UE’s communication mode or network coverage or RRC state changes should be studied.
Proposal 11: If UE can keep using the established SLRBs in previous communication mode when changing to new communication mode, some enhancements may need to be considered.
Proposal 12: It would be helpful to support sidelink admission control.
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