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Introduction
In TS 23.287 [1], SA2 specified PC5-S layer-2 link establishment/modification/release procedures. Currently, it is not clear how PC5-RRC procedures will be performed together with PC5-S layer-2 link establishment/modification/release procedures.
Meanwhile, in the running CR to 38.300 [2], the followings are left for FFS:

· Need for PC5-RRC state and explicit PC5-RRC connection establishment/release procedure is FFS.
· FFS whether AS configuration information can be also stored in SL UE context.

· FFS on whether a one-ot-many PC5-RRC message can be supported for groupcast.
In addition, while in RRC_CONNECTED, NG-RAN can control sidelink transmissions in a UE-dedicated manner. However, it is not clear how Uu procedures will interact with PC5-RRC procedures and PC5-S procedures.

In this document, we discuss some remaining issues and details on PC5-RRC connection procedures with PC5-S and Uu RRC.
Initiation of PC5-RRC procedures for unicast link establishment
In TS 23.287 [1], SA2 specified PC5-S layer-2 link establishment/modification/release procedures. For establishment, Figure 1 illustrates the Layer-2 link establishment procedure for unicast link in TS 23.287 section 6.3.3.1. The steps of the PC5-S Layer-2 link establishment procedure for unicast link shown in Figure 1 can be summarized as follows (Note that the texts below were selectively copied from [1]):
	· Step 1: The UE(s) determine the destination Layer-2 ID for signalling reception for PC5 unicast link establishment. 
· Step 2: The V2X application layer in UE-1 provides application information for PC5 unicast communication. 
When the Application layer in the UE initiates data transfer for a V2X service which requires unicast mode of communication over PC5 reference point, the UE shall reuse an existing PC5 unicast link if the pair of peer Application Layer IDs and the network layer protocol of this PC5 unicast link are identical to those required by the application layer in the UE for this V2X service, and modify the existing PC5 unicast link to add this V2X service; otherwise the UE shall trigger the establishment of a new PC5 unicast link.
· Step 3: (If the establishment of a new PC5 unicast link is triggered in Step 2) UE-1 sends a Direct Communication Request message via PC5 broadcast using the source Layer-2 ID and the destination Layer-2 ID to initiate the unicast layer-2 link establishment procedure.
· Step 4: The target UE, i.e. UE-2 or UE-4 responds with a Direct Communication Accept message which is sent to UE-1. Upon receiving the Direct Communication Accept message from peer UE, UE-1 obtains the peer UE's Layer-2 ID for future communication, for signalling and data traffic for this unicast link.
The V2X layer of the UE that established PC5 unicast link passes the PC5 Link Identifier assigned for the unicast link and PC5 unicast link related information down to the AS layer. The PC5 unicast link related information includes Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID). This enables the AS layer to maintain the PC5 Link Identifier together with the PC5 unicast link related information.
· Step 5: V2X service data is transmitted over the established unicast link. The PC5 Link Identifier and PFI are provided to the AS layer, together with the V2X service data. UE-1 sends the V2X service data using the source Layer-2 ID (i.e. UE-1's Layer-2 ID for this unicast link) and the destination Layer-2 ID (i.e. the peer UE's Layer-2 ID for this unicast link).

PC5 unicast link is bi-directional, therefore the peer UE of UE-1 can send the V2X service data to UE-1 over the unicast link with UE-1.
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Figure 1: Unicast mode PC5-S Layer-2 link establishment procedure (as in Figure 6.3.3.1-1 [1])
According to [1], UE may perform additional procedure for mutual authentication and security association establishment. UE think that it is likely that UE will complete mutual authentication and security association establishment after unicast mode PC5-S Layer-2 link establishment procedure.

As in [1], when the Application layer in the UE initiates data transfer for a V2X service which requires unicast mode of communication over PC5 reference point, the UE shall reuse an existing PC5 unicast link if the pair of peer Application Layer IDs and the network layer protocol of this PC5 unicast link are identical to those required by the application layer in the UE for this V2X service, and modify the existing PC5 unicast link to add this V2X service; otherwise the UE shall trigger the establishment of a new PC5 unicast link.

For Uu RRC establishment, upon request from the upper layer, RRC normally initiates RRC establishment procedure. It is the case even for PC5-RRC connection establishment, so that PC5-RRC should rely on upper layers for initiation of the first PC5-RRC procedure. In our view, when UE triggers the establishment of a new PC5 unicast link, PC5-S requests the first PC5-RRC procedure at least after PC5-S Layer-2 link establishment procedure (and, if required, security establishment). Thus, from AS perspective, upon request from upper layers, PC5-RRC initiates the first PC5-RRC procedure for the unicast link in the UE side.
Proposal 1: When UE triggers the establishment of a new PC5 unicast link, PC5-S will request the first PC5-RRC procedure at least after PC5-S Layer-2 link establishment procedure (and, if required, security establishment)

Proposal 2: Upon request from upper layers, PC5-RRC initiates the first PC5-RRC procedure for the unicast link in the UE side.
As captured in [2], separate PC5-RRC procedures and messages are used to transfer at least UE capability and AS-layer configuration including SLRB configuration of the other UE. For bi-directional sidelink traffic, both peer UEs exchange their own UE capability and AS-layer configuration using separate bi-directional procedures in both sidelink directions.
It is likely that UE-1 provides AS-layer configuration to UE-2 or 4 based on sidelink UE capability. Thus, exchange of UE capability should be done before AS-layer configuration. In addition, if encryption of the UE capability is required, exchange of UE capability can be initiated immediately after security establishment. Thus, upon security establishment, e.g. upon reception of a upper layer message activating security, UE could immediately initiate transmission of sidelink UE capability information to a peer UE.
Proposal 3: The first PC5-RRC procedure triggered by request from upper layers is the Sidelink UE capability information procedure.
Proposal 4: Upon security establishment, e.g. upon reception of a upper layer message activating security, UE immediately initiates transmission of its own sidelink UE capability information to a peer UE which may subsequently send its own sidelink UE capability information (assuming that encryption of the UE capability is required).

After exchange of sidelink UE capability, UE will initiate exchange of AS-layer configuration. For example, when UE-1 receives sidelink UE capability of the peer UE, UE-1 could immediately trigger and send the AS-layer configuration in sidelink to the peer UE.
Proposal 5: Upon reception of sidelink UE capability from a peer UE, UE initiates transmission of AS-layer configuration.

PC5-RRC Connection and State

RAN2 agreed to support PC5-RRC connection for the unicast link. As captured in [2], a PC5-RRC connection between two UEs is used to establish a sidelink UE AS context of each other. If a UE receives a PC5-RRC message from the other UE, the UE can store at least sidelink related UE capability information from the PC5-RRC message as a sidelink UE context of the other UE. Two UEs use the stored sidelink UE context for an upcoming service over the PC5-RRC connection. 

Need for PC5-RRC state and explicit PC5-RRC connection establishment/release procedure are FFS. In our view, explicit PC5-RRC connection establishment procedure seems not so necessary because the first PC5-RRC procedure can be used instead of the explicit PC5-RRC connection establishment procedure. However, we would need to discuss when PC5-RRC will consider that the PC5-RRC connection is established because UE may need to perform additional UE behaviours after the PC5-RRC connection establishment.
There seem two options of defining the PC5-RRC connection establishment without an explicit procedure:

· Option 1: When PC5-S Layer-2 link establishment procedure completes, PC5-RRC connection is established. 

· Option 2: When the first PC5-RRC procedure completes, PC5-RRC connection is established.

In Option 1, when upper layers completes establishment of the unicast link, upper layers inform PC5-RRC about establishment of the unicast link. Then, UE will consider that the PC5-RRC connection is established. However, since capability has been not exchanged yet, peer UEs would not have stored AS context for each other. In addition, UEs would still need to wait for unicast specific AS tasks such as SL RLM and HARQ feedback.

In Option 2, when the first PC5-RRC procedure requested by upper layers completes, PC5-RRC connection is established. For example, when peer UEs exchange their own capability, both UEs will store UE capability information as AS context for each other. Then, both UEs will start unicast specific AS tasks such as SL RLM and HARQ feedback e.g. upon reception of AS-layer configuration.
In our view, Option 2 is preferred. Option 1 looks strange because if the first PC5-RRC procedure completes unsuccessful, UE would need to release the RRC connection to leave PC5_CONNECTED in case of Option 1. Normally, the RRC Release comes with release of UE context, SLRBs, Layer 2 entities, radio configuration and so on. However, unsuccessful completion of the first PC5-RRC procedure has nothing to release.
Proposal 6: When the first PC5-RRC procedure completes, a PC5-RRC connection is established for the unicast link.
As we discussed above, PC5-S Layer-2 link establishment procedure would complete before the first PC5-RRC procedure completes. In some cases, the first PC5-RRC procedure may unsuccessfully complete after PC5-S Layer-2 link establishment. If the first PC5-RRC procedure unsuccessfully completes, the UE cannot proceed with the unicast link. Thus, PC5-RRC should indicate PC5-RRC connection failure to upper layers in order to trigger the PC5-S Layer-2 link release procedure as in TS 23.287 section 6.3.3.3 [1].
Proposal 7: Upon successful completion of the first PC5-RRC procedure, PC5-RRC should indicate PC5-RRC connection failure to upper layers in order to trigger the PC5-S Layer-2 link release procedure.
If the PC5-RRC state is defined, a UE is either in PC5_CONNECTED state or in PC5_RRC state for each unicast link requested by upper layers. A UE is in PC5_CONNECTED when a PC5-RRC connection has been established. If this is not the case, i.e. no RRC connection is established, the UE is in PC5_IDLE state. 
Proposal 8: A UE is either in PC5_CONNECTED state or in PC5_RRC state for each unicast link requested by upper layers.

Proposal 9: A UE is in PC5_CONNECTED when a PC5-RRC connection has been established.

Proposal 10: If this is not the case, i.e. no RRC connection is established, the UE is in PC5_IDLE state.

The PC5-RRC states can be characterised for a unicast link as follows:
-
PC5_IDLE:

-
The UE stores no sidelink AS context of a peer UE for a unicast link;

The UE:

-
Performs SCCH transmission to a peer UE (for sidelink TX);

-
Monitors SCIs associated with SCCH transmission for a unicast link (for sidelink RX);

-
PC5_CONNECTED:

-
The UE stores the sidelink AS context of a peer UE for a unicast link;

-
Transfer of unicast data to/from UE;

-
The UE:

-
Performs SCCH/STCH transmission to a peer UE (for sidelink TX);

-
Monitors SCIs associated with SCCH/STCH transmission for the unicast link (for sidelink RX);

-
Perform sidelink RLM for the unicast link;

-
Performs sidelink measurement reporting for the unicast link.
Proposal 11: Characteristics of the PC5-RRC states listed above are proposed to be captured in 38.300 and/or 38.331.
Uu procedures for PC5-RRC connection establishment

While in RRC_CONNECTED, UE may send Sidelink UE Information to request SL TX resources to NG-RAN. Upon receiving the Sidelink UE Information from NG-RAN, NG-RAN will send RRC Reconfiguration to UE. The RRC Reconfiguration will include sidelink resource configuration, SLRB configuration and so on.
In our view, UE will construct the PC5-RRC AS-layer configuration based on the RRC Reconfiguration received from NG-RAN and then sends the constructed PC5-RRC message to a peer UE. Thus, if UE successfully completes PC5-S Layer-2 link establishment, UE sends Sidelink UE Information to NG-RAN.
Proposal 12: if UE successfully completes PC5-S Layer-2 link establishment, UE sends Sidelink UE Information to NG-RAN.
Proposal 13: Upon receiving a RRC Reconfiguration including sidelink related configuration, UE may trigger PC5-RRC AS-layer configuration procedure.
Then, it is unclear when UE can send sidelink UE capability to a peer UE. It may be possible for UE to send sidelink UE capability information to a peer UE before sending Sidelink UE Information to NG-RAN. Thus, RAN2 should further discuss when UE can send sidelink UE capability e.g. before or after Sidelink UE Information to NG-RAN.
Proposal 14: RAN2 should further discuss when UE can send sidelink UE capability e.g. before or after Sidelink UE Information to NG-RAN.
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Figure 2: Layer-2 link establishment and PC5-RRC connection establishment with Uu RRC procedures (The exact order of the messages are FFS)
Reconfiguration between peer UEs in PC5-RRC connection

As in [1], the UE may reuse an existing PC5 unicast link if the pair of peer Application Layer IDs and the network layer protocol of this PC5 unicast link are identical to those required by the application layer in the UE for addition of a new V2X service, and modify the existing PC5 unicast link to add this V2X service. This case will trigger PC5-S Layer-2 link modification procedure as shown in Figure 3.
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Figure 3: Layer-2 link modification procedure (as in Figure 6.3.3.4-1 [1])
In our view, if PC5-S Layer-2 link modification procedure occurs e.g. due to addition of a V2X service for the same unicast link, UE may need to update AS-layer configuration, so that trigger a new PC5-RRC procedure. Before triggering the new PC5-RRC procedure, UE in RRC_CONNECTED may send Sidelink UE information and UE assistance information, and then receive a RRC Reconfiguration with modified sidelink configuration.
Proposal 15: Upon completion of PC5-S Layer-2 link modification procedure, UE may trigger a new PC5-RRC procedure. Before triggering the new PC5-RRC procedure, UE in RRC_CONNECTED may send Sidelink UE information and UE assistance information, and then receive a RRC Reconfiguration with modified sidelink configuration.
Conclusion
In conclusion, we propose the followings:
Proposal 1: When UE triggers the establishment of a new PC5 unicast link, PC5-S will request the first PC5-RRC procedure at least after PC5-S Layer-2 link establishment procedure (and, if required, security establishment)

Proposal 2: Upon request from upper layers, PC5-RRC initiates the first PC5-RRC procedure for the unicast link in the UE side.
Proposal 3: The first PC5-RRC procedure triggered by request from upper layers is the Sidelink UE capability information procedure.
Proposal 4: Upon security establishment, e.g. upon reception of a upper layer message activating security, UE immediately initiates transmission of its own sidelink UE capability information to a peer UE which may subsequently send its own sidelink UE capability information (assuming that encryption of the UE capability is required).

Proposal 5: Upon reception of sidelink UE capability from a peer UE, UE initiates transmission of AS-layer configuration.

Proposal 6: When the first PC5-RRC procedure completes, a PC5-RRC connection is established for the unicast link.
Proposal 7: Upon successful completion of the first PC5-RRC procedure, PC5-RRC should indicate PC5-RRC connection failure to upper layers in order to trigger the PC5-S Layer-2 link release procedure.
Proposal 8: A UE is either in PC5_CONNECTED state or in PC5_RRC state for each unicast link requested by upper layers.

Proposal 9: A UE is in PC5_CONNECTED when a PC5-RRC connection has been established.

Proposal 10: If this is not the case, i.e. no RRC connection is established, the UE is in PC5_IDLE state.

Proposal 11: Characteristics of the PC5-RRC states listed above are proposed to be captured in 38.300 and/or 38.331.

Proposal 12: if UE successfully completes PC5-S Layer-2 link establishment, UE sends Sidelink UE Information to NG-RAN.
Proposal 13: Upon receiving a RRC Reconfiguration including sidelink related configuration, UE may trigger PC5-RRC AS-layer configuration procedure.
Proposal 14: RAN2 should further discuss when UE can send sidelink UE capability e.g. before or after Sidelink UE Information to NG-RAN.

Proposal 15: Upon completion of PC5-S Layer-2 link modification procedure, UE may trigger a new PC5-RRC procedure. Before triggering the new PC5-RRC procedure, UE in RRC_CONNECTED may send Sidelink UE information and UE assistance information, and then receive a RRC Reconfiguration with modified sidelink configuration.
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