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1 Introduction

In the RAN2#105 meeting, it was agreed that
Agreements on V2X unicast:
1: PC5-RRC is used to exchange UE capability and AS-layer configuration at least.

2: PC5-RRC based UE capability transfer procedure is triggered during or after PC5-S signalling for direct link setup. Further details can be discussed in WI stage.

3: PC5-RRC based UE capability transfer can be done in either one-way or two-way manner. Further details can be discussed in WI stage.

4: Further details on which UE to send out its own capability information can be discussed in WI stage.

5: PC5-RRC based AS-layer configuration procedure is triggered during or after PC5-S signalling for direct link setup. Further details can be discussed in WI stage.

6: PC5-RRC based AS-layer configuration can be done in a two-way manner. Further details can be discussed in WI stage.

7: Further details on which UE to send out PC5-RRC based AS-layer configuration can be discussed in WI stage.
In RAN2#105bis, it was agreed that

Agreements on PC5-RRC message exchange: 
1: 
PC5-RRC connection is needed to establish SL UE context. Synchronization of SL UE context between two UEs is supported by the concept of PC5-RRC connection.


- Need for PC5-RRC state is FFS.


> Option 1: Define PC5-RRC state for unicast operation.



> Option 2: Refer to PC5-S state for unicast operation

- SL UE context may include at least SL UE capability of the destination UE.


> FFS whether AS configuration information can be also stored in SL UE context.

- UE context is per destination UE.



> It is considered that UE may store UE capability of the destination UE for a newly 


coming service between UEs in unicast.


> It may depend on SA2 discussion related to layer-2 ID allocation. RAN2 will come 


back if there is a problem based on SA2 progress.

- FFS whether explicit PC5-RRC connection establishment procedure is needed or not.
2: 
Security aspect comes back after SA3 progress (if there is any issue/problem).

Agreements on PC5-RRC signalling flow: 
1: 
Separate RRC messages are defined capability transfer and for AS-layer configuration. FFS on whether the two messages can be transmitted together in the same MAC PDU.

2:
Set the following 2a, 2b and 2c as RAN2 working assumption:

2a:
Do not encapsulate PC5-S message related to link setup into PC5-RRC message for AS-layer configuration.

2b:
PC5-RRC message for AS-layer configuration is not to be sent unprotected, so is not to be sent together with PC5-S messages like Direct Communication Request.

2c:
Do not encapsulate PC5-S message related to link setup into PC5-RRC message for capability information.
In this contribution, we discuss the left issues on unicast link establishment procedure, i.e., any network involvement procedure is needed.
2 Discussion
In this paper, we discuss the need of Uu signalling if the UE is in CONNECTED mode.
2.1 NW involvement for PC5-RRC message

Firstly, in order to get SL grant (at least for mode-1) and AS-layer configuration of the SLRB carrying PC5-RRC message (for both mode-1 and mode-2), a SUI message report is needed, before initiating PC5-RRC messages. It is applicable to all PC5-RRC messages, for RRC_CONNECTED UE.

Secondly, if the UE is in coverage, it relies on the SIB and dedicated RRC to get the AS-layer configuration of the SLRB carrying PC5-RRC message (for both mode-1 and mode-2).
Proposal 1 RRC_CONNECTED UE report SUI message before initiating PC5-RRC messages.

Proposal 2 In-coverage UE receive DL message, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs, before initiating PC5-RRCmMessage

2.1.1 Capability Transfer

During the SI phase, RAN2 has identified two possible procedures for capability transfer, i.e., one-way or two-way manner. 
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Figure 1 One-way information flow for UE capability transfer
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Figure 2 Two-way information flow for UE capability transfer

· For Capability Enquiry: As discussed in R2-1900180 (for [104#55]), the reason is similar to the usage of UECapabilityEnquiry, i.e., the capability is only triggered by enquiry message when the capability of peer UE is not stored, or it is possible that only part of the peer UE’s capability is interested, so that some pre-filtering can be done via the enquiry, i.e., both helps reducing signalling overhead. Both are based on information / knowledge at UE side, so no need for network involvement.

· For Capability Information: for UE to derive the available sidelink capability, since the band combination for SL and UL/DL are coupled with each other, it depends on the configuration that is used for the uplink/downlink for RRC connected UE. However, since the network configuration for uplink/downlink may change during the unicast session, so finally it can be up to UE implementation to decide on the available sidelink capability.
Proposal 3 It is up to UE to decide on the PC5-RRC based capability enquiry / information message content.
2.1.2 AS-layer Configuration
During the SI phase, RAN2 has identified one possible procedure for AS-layer configuration, i.e.,
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Figure 3 SL AS layer configuration information flow, successful

· For Configuration Message: As captured in the TR, Uu signalling is needed for UE1 to derive the configuration message.
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Figure 7-1: SLRB configuration for SL unicast (UE-specific)

In Step 0 of Figure 7-1, the PC5 QoS profile, i.e. a set of specific PC5 QoS parameters, and PC5 QoS rule for each PC5 QoS flow are provisioned to the UE in advance by service authorization and provisioning procedures as in [6]; similarly, PC5 QoS profile for each QoS flow is also provisioned to the gNB/ng-eNB in advance. Then, when packet(s) arrive, the UE can first derive the identifier of the associated PC5 QoS flow(s) (i.e. PC5 QFI) based on the PC5 QoS rules configured in Step 0, and may then report the derived PC5 QFI(s) to the gNB/ng-eNB in Step 3. The gNB/ng-eNB can derive the QoS profile(s) of these reported PC5 QFI(s) based on the provisioning from 5GC in Step 0, and may signal the configurations of the SLRB(s) associated with the PC5 QFI(s) UE reported via RRC dedicated signalling in Step 4. These SLRB configurations may include PC5 QoS flow to SLRB mapping, SDAP/PDCP/RLC/LCH configurations, etc. In Step 5, the UE in the AS establishes SLRB(s) associated with the PC5 QFI(s) of the packet(s) with the peer UE as per gNB/ng-eNB configuration, and maps available packet(s) to the SLRB(s) established. SL unicast transmission can then occur.

Therefore, the signalling content of AS-layer configuration comes from network/pre-configuration. For RRC_CONNECTED UE, it is more straightforward to use RRCReconfiguration.
· Configuration Complete: considering it can only be the UE itself to judge whether the incoming configuration is feasible or not, i.e., to reply with complete or failure, there is no need for network involvement for this signalling.

Proposal 4 In-coverage UE generate AS-layer configuration message content based on configuration message received from network, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs.
Proposal 5 If the UE is able to comply with the received configuration in AS-layer configuration message, it initiates PC5-RRC based AS-layer Configuration Complete. Otherwise, it initiates PC5-RRC based AS-layer configuration failure.
2.2 NW involvement for PC5-S message 
Firstly, in order to get SL grant (at least for mode-1) and AS-layer configuration of the SLRB carrying PC5-S message (for both mode-1 and mode-2), a SUI message report is needed, before initiating PC5-S messages. It is applicable to all PC5-S messages, for RRC_CONNECTED UE.

Secondly, if the UE is in coverage, it relies on the SIB and dedicated RRC to get the AS-layer configuration of the SLRB carrying PC5-S message (for both mode-1 and mode-2).

Proposal 6 RRC_CONNECTED UE report SUI message before initiating PC5-SC messages.

Proposal 7 In-coverage UE receive DL message, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs, before initiating PC5-S message

2.2.1 Link establishment
According to the TS 23.287 v0.3.0, the PC5-S procedure for link establishment is as follows:
1.
The UE(s) determine the destination Layer-2 ID for signalling reception for PC5 unicast link establishment as specified in clause 5.6.1.4. The destination Layer-2 ID is configured with the UE(s) as specified in clause 5.1.2.1.

2.
The V2X application layer in UE-1 provides application information for PC5 unicast communication. The application information includes the service type (e.g. PSID or ITS-AID) of the V2X application. The initiating UE's application layer ID and the target UE's application layer ID may be included in the application information.

3.
UE-1 sends a Direct Communication Request message to initiate the unicast layer-2 link establishment procedure. The Direct Communication Request message includes:

-
If the V2X application layer provided the target UE's application layer ID in step 2, the following information is included:
· User Info: the target UE's application layer ID (i.e. UE-2's application layer ID), besides the initiating UE's application layer ID (i.e. UE-1's application layer ID). 

-
V2X Service Info: the information about V2X Service requesting Layer-2 link establishment (e.g. PSID or ITS-AIDs).

-
Indication whether IP communication is used. 

-
IP Address Configuration: For IP communication, IP address configuration is required for this link.

The source Layer-2 ID and destination Layer-2 ID used to send the Direct Communication Request message are determined as specified in clauses 5.6.1.1 and 5.6.1.4.

UE-1 sends the Direct Communication Request message via PC5 broadcast using the source Layer-2 ID and the destination Layer-2 ID.

4.
A Direct Communication Accept message is sent to UE-1 as below:
4a.
(UE oriented Layer-2 link establishment) If the User Info is included in the Direct Communication Request message, the target UE, i.e. UE-2 responds with a Direct Communication Accept message. 

4b.
(V2X Service oriented Layer-2 link establishment) If the User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X Service respond to the request by sending a Direct Communication Accept message (UE-2 and UE-4 in Figure 6.3.3.1-1).


The source Layer-2 ID used to send the Direct Communication Accept message is determined as specified in clauses 5.6.1.1 and 5.6.1.4. The destination Layer-2 ID is set to the source Layer-2 ID of the received Direct Communication Request message.


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.

5.
V2X service data is transmitted over the established unicast link as below:

UE-1 has a V2X service associated with this unicast link.

The communication mode (i.e. unicast), and Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID) are provided to the AS layer, together with the V2X message.

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. UE-2's Layer-2 ID for this unicast link).

· Direct Communication Request: The initiation of this signalling is from PC5-S layer as NAS layer, i.e., above the role of RAN node as AS entity. Therefore, there is no reason to consult RAN node before sending this PC5-S signalling.
· Direct Communication Accept: The initiation of this signalling represent the successful establishment of PC5-S connection between UEs. There are argument saying admission control is needed, and may motivate some Uu signalling exchange before this procedure. However, we see some difficulty to progress on this point:

· There are some overlapping between admission control and congestion control, where the latter one is to perform per-packet control, i.e., an even more refined granularity than per-flow control for the former one. 
One key argument for admission control is to take into account of the channel quality status. For example, during the PC5-S signalling exchange procedure, i.e., Direct Communication Request / Accept, RX UE may make use of the PC5-S message Direct Communication Request for RSRP/RSRQ measurement, but that is just one-shot measurement. Usually, filtering (layer-1, layer-3) is important to remove the fast fading effect in the one-shot measurement. In other words, it is meaningless to perform admission control according to fast fading result. Comparing to that, congestion control as instant reaction to the fast-fading based channel quality is more appropriate, i.e., instead of prevent the connection establishment for ever, instant adjustment on TX parameter is more appropriate, and if the channel quality becomes worse for a long time, the RLF can trigger the connection release as a result.
· The PC5-S/RRC signalling flow has not been clarified, i.e., the timing / causality between each other. It is not clear whether the Uu signalling involvement for this PC5-S procedure will overlaps with other Uu signalling exchange procedure, e.g., as discussed above for AS-layer configuration.

Observation 1 It is meaningless to perform admission control according to fast fading result.
Proposal 8 It is up to UE to decide on PC5-S based Direct Communication Accept / Reject.

However, after the unicast link link establishment, the network needs to be aware of that.

Proposal 9 RRC_CONNECTED UE reports established unicast link to network after PC5-S based Direct Communication Request / Accept, e.g., using SidelinkUEInformation.
2.2.2 Link release
For the other procedures as follows:
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Figure 4 Layer-2 link release procedure

For L2 link release procedure: obviously network has no reason to reject the release requirement, but the disconnected links have to be reported to network.
Proposal 10 It is up to UE to initiate PC5-S based Disconnect Request / Response message.

Proposal 11 RRC_CONNECTED UE reports disconnected unicast link to network after Disconnect Request / Response, e.g., using SidelinkUEInformation.

2.2.3 Link Modification
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Figure 5 Layer-2 link modification procedure

For L2 link modification procedure: the case of adding and modifying QoS flow is similar to link establishment procedure, while the case of removing QoS flow is similar to L2 link release procedure.
Proposal 12 It is up to UE to initiate PC5-S based Link modification Request / Accept / Reject message.

Proposal 13 RRC_CONNECTED UE reports modified unicast link to network after Link modification Request / Accept, e.g., using SidelinkUEInformation.

2.2.4 Link ID update
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Figure 6 Link identifier update procedure

For L2 ID update procedure: obviously network has no reason to reject the ID update requirement;
Proposal 14 It is up to UE to initiate PC5-S based Link identifier Update Request / Response.

Proposal 15 RRC_CONNECTED UE reports modified unicast link to network after Link identifier Update Request / Response, e.g., using SidelinkUEInformation.
3 Conclusion
Based on the discussion in section 2, we observe:

Observation 1
It is meaningless to perform admission control according to fast fading result.


We propose:
Proposal 1
RRC_CONNECTED UE report SUI message before initiating PC5-RRC messages.
Proposal 2
In-coverage UE receive DL message, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs, before initiating PC5-RRCmMessage
Proposal 3
It is up to UE to decide on the PC5-RRC based capability enquiry / information message content.
Proposal 4
In-coverage UE generate AS-layer configuration message content based on configuration message received from network, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs.
Proposal 5
If the UE is able to comply with the received configuration in AS-layer configuration message, it initiates PC5-RRC based AS-layer Configuration Complete. Otherwise, it initiates PC5-RRC based AS-layer configuration failure.
Proposal 6
RRC_CONNECTED UE report SUI message before initiating PC5-SC messages.
Proposal 7
In-coverage UE receive DL message, i.e., RRCReconfiguration for RRC_CONNECTED UE, or SIB for RRC_INACTIVE or RRC_IDLE UEs, before initiating PC5-S message
Proposal 8
It is up to UE to decide on PC5-S based Direct Communication Accept / Reject.
Proposal 9
RRC_CONNECTED UE reports established unicast link to network after PC5-S based Direct Communication Request / Accept, e.g., using SidelinkUEInformation.
Proposal 10
It is up to UE to initiate PC5-S based Disconnect Request / Response message.
Proposal 11
RRC_CONNECTED UE reports disconnected unicast link to network after Disconnect Request / Response, e.g., using SidelinkUEInformation.
Proposal 12
It is up to UE to initiate PC5-S based Link modification Request / Accept / Reject message.
Proposal 13
RRC_CONNECTED UE reports modified unicast link to network after Link modification Request / Accept, e.g., using SidelinkUEInformation.
Proposal 14
It is up to UE to initiate PC5-S based Link identifier Update Request / Response.
Proposal 15
RRC_CONNECTED UE reports modified unicast link to network after Link identifier Update Request / Response, e.g., using SidelinkUEInformation.
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