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Abstract of the contribution: This contribution proposes to adopt PC5 unicast communications in TS 23.287.
1.
 Introduction

In the conclusion of TR 23.786, it says:
“For Key Issue #9 (Support of unicast/multicast for sensor sharing over PC5), it is concluded that Solution #11 documented in clause 6.11 is adopted as the baseline for normative work, with the following potential updates based on other Working Groups' feedbacks:

-
the signalling message definition for unicast link establishment and management, e.g. if and how RRC signalling is used for unicast link;

-
the choice of per packet QoS model or bearer based QoS model for broadcast, groupcast, and unicast based on RAN decisions;

-
signal to the base station regarding the service used when network scheduled mode is used;

-
the potential security related procedure updates for unicast communication over PC5.”
Regarding the RAN dependency issues, SA2 sent an LS to RAN WGs to get their feedback, and received an LS response from RAN2 regarding PC5 unicast, groupcast and broadcast (S2-1902790/R2-1902494). In their LS, they informed SA2 of that:
“RAN2 is still working on whether PC5 RRC needs to be involved in the connection establishment procedure for a unicast link, and decides to leave the down-selection between "PC5-S connection establishment is already sufficient" and "PC5 RRC connection establishment procedure is additionally needed" in the normative phase.”
“RAN2 agreed that from the AS perspective VQI/PQI defined by SA2 for NR SL is feasible, and identified that priority, latency, reliability, data rate and minimum required communication range are the QoS parameters that are needed for NR SL. However, RAN2 also agreed that the final decision on whether/how other QoS parameters are needed in addition to VQI and how they are defined (if any) is up to SA2.”

“With respect to per-flow QoS model vs. per-packet QoS model at upper layers, RAN2's preference from the AS perspective is that per-flow QoS model should be applied for NR SL unicast, whereas per-packet QoS model should be applied for NR SL groupcast and broadcast. RAN2 also agreed that the mapping between PC5 QoS flows and SLRBs for per-flow QoS model as well as the mapping between PC5 QoS profiles (i.e. specific PC5 QoS parameters) and SLRBs for per-packet QoS model are NW configured by RAN or pre-configured. Besides, SDAP layer is also agreed as needed for per-flow QoS model, performing PC5 QoS flow to SLRB mapping within the UE.”
Observation 1: RAN2 agreed that PC5-S connection establishment is used for NR PC5 unicast link setup. In addition, whether RRC signalling is also involved is decided during their normative phase. 
Observation 2: RAN2 agreed to use PQI for NR PC5 communications.
Observation 3: RAN2 agreed to apply per-flow QoS model for NR PC5 unicast communications. SDAP layer handles mapping of PC5 QoS flow to SLRB.

This pCR proposes to update TS 23.287 based on Solution #11 in clause 6.11 of TR 23.786 and RAN2 feedback. 
Besides the PC5 unicast communications mechanism documented in Solution#11, there are couple of things proposed in this pCR to complete the solution.
In Solution #11, for PC5 unicast, the UE initiates establishment of the unicast link by using a default destination Layer-2 ID associated with the service type (e.g. PSID/ITS-AID) configured for unicast link establishment. As of now, it is assumed that the mapping of service type (e.g. PSID/ITS-AID) and destination layer-2 ID is one-to-one mapping. So, if the service type can be mapped to more than one destination layer-2 IDs (e.g one for PC5 broadcast, one for PC5 unicast link establishment), it requires further mechanism to indicate which one is which. Considering the limit on the number of Layer-2 IDs, it would be preferable to spend as few Layer-2 IDs as possible. 
Proposal 1: It is proposed to define a default destination Layer-2 ID for unicast link establishment, having no association with a specific service type. The default destination Layer-2 ID can be used for any V2X services that require PC5 unicast link establishment. 
After having established PC5 unicast link, the UE can change its Layer-2 ID anytime. The V2X layer of UE can track the changes, but the AS layer cannot. 
In some application scenarios, e.g. platooning, the vehicle may want to establish multiple unicast links with multiple vehicles at a same time. In this case, those all messages, e.g. for platooning, are associated with the same service type whilst the destination of each messages are different. 
Proposal 2: It is proposed that during PC5 unicast link establishment procedure (V2X layer of) UE self-assigns PC5 QFI(PFI) to identify each PC5 unicast link and provides self-assigned PFI value to the lower layer (i.e. AS layer) and the upper layer(i.e. V2X Application layer). The PFI is a unique value within the UE. The PFI is unchanged value for the established unicast link regardless of the change of application layer identifier and Layer-2 ID. The lower layer can identify the corresponding PC5 unicast flow by using the PFI even if the source and/or destination Layer-2 ID(s) are changed. The upper layer can identify the corresponding PC5 unicast flow by using the PFI even if there are more than one unicast flows associated with one service type (e.g. the vehicle establishes multiple unicast links with multiple vehicles for platooning).
In Solution #11, during PC5 unicast link establishment procedure UE obtains the peer UE’s Layer-2 ID which is used for future communication, for signalling and data traffic. From the receiving UE point of view, if the same Layer-2 ID is used for both signalling and data traffic, it requires further mechanism to distinguish PC5 signalling message and service data message over the PC5 link. The behaviour of the receiving UE can be different, i.e. the V2X layer handles message if it is PC5 signalling message whilst the V2X layer forwards the message to the upper layer if it is application data message. 
Proposal 3: It is proposed to rely on RAN mechanism to distinguish PC5 signalling message and service data message over the PC5 link, e.g. by using different logical channel IDs at MAC layer. V2X layer indicates to AS layer whether the message is for PC5 signalling or service data transmission. 
2. Proposals
It is proposed to adopt the following text in TS 23.287.   
*** Start of the changes ***
5.1.2
Authorization and Provisioning for V2X communications over PC5 reference point
5.1.2.1
Policy/Parameter provisioning
The following information for V2X communications over PC5 reference point is provisioned to the UE:
1)
Authorization policy:

-
When the UE is "served by E-UTRA" or "served by NR":

-
PLMNs in which the UE is authorized to perform V2X communications over PC5 reference point when "served by E-UTRA" or "served by NR".

For each above PLMN:

-
RAT(s) over which the UE is authorized to perform V2X communications over PC5 reference point.

-
When the UE is "not served by E-UTRA" and "not served by NR":

-
Indicates whether the UE is authorized to perform V2X communications over PC5 reference point when "not served by E-UTRA" and "not served by NR".

-
RAT(s) over which the UE is authorized to perform V2X communications over PC5 reference point.

2)
Radio parameters when the UE is "not served by E-UTRA" and "not served by NR":

-
Includes the radio parameters per PC5 RAT (i.e. LTE PC5, NR PC5) with Geographical Area(s) and an indication of whether they are "operator managed" or "non-operator managed". The UE uses the radio parameters to perform V2X communications over PC5 reference point when "not served by E-UTRA" and "not served by NR" only if the UE can reliably locate itself in the corresponding Geographical Area. Otherwise, the UE is not authorized to transmit.

Editor's note: The radio parameters (e.g. frequency bands) are to be defined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.

NOTE:
Whether a frequency band is "operator managed" or "non-operator managed" in a given Geographical Area is defined by local regulations.

3)
Policy/parameters per RAT for PC5 Tx Profile selection:

-
The mapping of service types (e.g. PSID or ITS-AIDs) to Tx Profiles.
Editor's note: The Tx Profiles are to be defined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.
4)
Policy/parameters related to privacy:

-
The list of V2X services, e.g. PSID or ITS-AIDs of the V2X applications, with Geographical Area(s) that require privacy support.
5)
Policy/parameters when LTE PC5 is selected:

Same as specified in 3) Policy/parameters in clause 4.4.1.1.2 of TS 23.285 [8] except for the mapping of service types to Tx Profiles and the list of V2X services with Geographical Area(s) that require privacy support.
6)
Policy/parameters when NR PC5 is selected:

-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies with Geographical Area(s).
-
The destination Layer-2 ID for PC5 unicast link establishment.
Editor's note: The V2X frequencies with Geographical Area(s) will be determined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.
Editor's note: Whether Destination Layer-2 ID is part of the Policy/Parameter and how to determine the Destination Layer-2 ID are based on the conclusion of Key Issue #9 of TR 23.786.

Editor's note: Which QoS parameter(s) is used and how to determine the QoS parameter(s) is based on the conclusion of Key Issue #4 of TR 23.786.
*** Next changes ***
5.6.1
Identifiers for V2X communication over PC5 reference point
5.6.1.4
Identifiers for unicast mode V2X communication over PC5 reference point
For unicast mode of V2X communication over PC5 reference point, the destination Layer-2 ID used depends on the communication peer, which is discovered during the establishment of the unicast link. The initial signalling for the establishment of the unicast link may use a default destination Layer-2 ID configured for unicast link establishment, as specified in clause 5.1.2.1. During the unicast link establishment procedure, Layer-2 IDs are exchanged, and should be used for future communication between the two UEs, as specified in clause 6.3.x.
The UE needs to maintain a mapping between the application layer identifiers and the source Layer-2 IDs used for the unicast links, as the V2X application layer does not use the Layer-2 IDs as described in clause 5.2.1.4. This allows the change of source Layer-2 ID without interrupting the V2X applications. 

When application layer identifiers changes, the source Layer-2 ID(s) of the unicast link(s) shall be changed if the link(s) was used for V2X communication with the changed application layer identifiers. 

A UE may establish multiple unicast links with a peer UE and use the same or different source Layer-2 IDs for these unicast links. 

*** Next changes ***
5.2.1
V2X communication over PC5 reference point
5.2.1.4
Unicast mode communication over PC5 reference point
Unicast mode of communication is only supported over NR based PC5 reference point. When Application layer initiates a V2X service which requires PC5 unicast communication, the UE establishes a PC5 unicast link with the corresponding UE. 
UE A and UE B use a same pair of Layer-2 IDs for signalling message exchange and V2X service data transmission as specified in clause 5.6.1.4. The transmitting UE indicates to AS layer whether the message is for PC5 signalling or service data transmission when it sends message over the established PC5 link. 
The unicast mode supports per-flow QoS model as specified in clause 5.4.1.4. During the unicast link establishment, each UEs self-assign PC5 Flow Identifier (PFI) and associate the PFI with the Unicast Link Profile for the unicast link. The PFI is a unique value within the UE. The Unicast Link Profile identified by the PFI includes application layer identifier and Layer-2 ID of UE A, application layer identifier and Layer-2 ID of UE B and QoS parameters (i.e. PQI and optionally Range). The PFI is unchanged value for the established unicast link regardless of the change of application layer identifier and Layer-2 ID. The UE uses PFI to indicate the PC5 unicast flow to AS layer, therefore AS layer identifies the corresponding PC5 unicast flow even if the source and/or destination Layer-2 IDs are changed due to e.g. privacy support. The UE uses PFI to indicate the PC5 unicast flow to V2X Application layer, therefore V2X Application layer identifies the corresponding PC5 unicast flow even if there are more than one unicast flows associated with one service type (e.g. the UE establishes multiple unicast links with multiple UEs for a same service type).

*** Next changes ***
5.4.1
QoS handling for V2X communication over PC5 reference point
5.4.1.4
QoS handling for unicast mode V2X communication over PC5 reference point

For unicast mode of V2X communication over PC5 reference point, per-flow QoS model is used. PC5 unicast link between a pair of UEs is established to send application data. QoS parameter (i.e. PQI and optionally Range) negotiation is performed during the unicast link establishment.
*** Next changes ***
6
Functional description and information flows
6.1
Control and user plane stacks
6.5.1
Control plane

Figure 6.5.1-1 shows PC5 control plane protocol stack for per-flow communications for PC5 link establishment and maintenance. 
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Figure 6.5.1-1: PC5 control plane protocol stack for per-flow communications
Editor’s Note: Whether RRC signalling messages are combined with PC5 signalling protocol messages depends on RAN decision.

6.5.2
User plane
Figure 6.5.2-1 shows PC5 user plane protocol stack for per-flow communications for V2X service data transmission. 
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Figure 6.5.2-1: PC5 user plane protocol stack for per-flow communications
*** Next changes ***
6.3
Procedures for V2X communication over PC5 reference point
6.3.x
Unicast mode V2X communication over PC5 reference point
To perform unicast mode of V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 5.1.2.1.
6.3.x.1
Unicast link establishment procedure
Figure 6.3.x.1-1 shows the procedure for unicast link establishment for V2X communication over PC5 reference point.
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Figure 6.3.x.1-1: Procedure for PC5 unicast link establishment
1.
The UE(s) determine the destination Layer-2 ID for signalling message 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 upper layer in UE-1 (i.e. V2X application layer) initiates PC5 unicast link establishment and provides application information such as application layer identifiers and/or the service type (e.g. PSID or ITS-AID) of the V2X application and QoS requirements to the lower layer.
3.
UE-1 self-assigns PFI for the unicast link and creates unicast link profile identified by the PFI. The UE-1 generates Direct Communication Request which includes the application layer information received from the upper layer and required PQI which is derived from the QoS requirements received from the upper layer. 
4.
The UE-1 sends Direct Communication Request via PC5 broadcast. The UE-1 self-assigns the source Layer-2 ID of this message. The destination Layer-2 ID of this message is the Layer-2 ID for PC5 unicast link establishment configured with the UE-1 as specified in clause 5.1.2.1. The UE-1 indicates broadcast mode to the lower layer.

The UE-1 stores the Layer-2 ID and application identifier of the UE-1 as the unicast link profile identified by the PFI. 

The UE(s) surrounding the UE-1 receive Direct Communication Request using PC5 broadcast mode. The receiving UEs deliver the data to the upper layer (i.e. V2X application which is identified by the service type (e.g. PSID or ITS-AID) of the V2X application received in the Direct Communication Request).
5.
The upper layer in UE-3 (i.e. V2X application layer) decides to respond to the request and requests to proceed PC5 unicast link establishment. The V2X application layer in the UE-3 provides application information such as application layer identifiers and/or the service type (e.g. PSID or ITS-AID) of the V2X application and QoS requirements to the lower layer.
6.
UE-3 self-assigns PFI for the unicast link and creates unicast link profile identified by the PFI. The UE-3 generates Direct Communication Response which includes the application layer information received from the upper layer and required PQI which is derived from the QoS requirements received from the upper layer.
7.
UE-3 sends Direct Communication Response via PC5 unicast. The UE-3 self-assigns the source Layer-2 ID of this message. The destination Layer-2 ID of this message is the source Layer-2 ID of the received Direct Communication Request at step 4.

UE-3 stores the Layer-2 ID and application identifier of the UE-3, Layer-2 ID and application identifier of the UE-1 received in Direct Communication Request and PQI as the unicast link profile identified by the PFI. 

UE-1 receives Direct Communication Response using PC5 unicast. The UE-1 stores the Layer-2 ID and application identifier of UE-3, and PQI as the unicast link profile identified by the PFI. 

NOTE:
In step 4, there is only one broadcast message from the UE-1.

Editor’s Note: Whether RRC signalling is combined with Direct Communication Response at step 7 and/or RRC signalling happens after step 7 depend on RAN decision.
Editor’s Note: The security aspect regarding unicast link establishment will be determined based on feedback from SA3.
6.3.x.2
Link identifier update procedure

Figure 6.3.x.2-1 shows the procedure for link layer identifier update.
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Figure 6.3.x.2-1: Procedure for link identifier update used over PC5 unicast
0.
The PC5 unicast link is established between UE-1 and UE-3 as described in clause 6.3.x.1. The UE-1 and UE-3 store unicast link profile with the associated PFI value of each UEs. 
1.
UE-3 determine the destination Layer-2 ID for signalling message reception for PC5 unicast link management as specified in clause 5.6.1.4. The destination Layer-2 ID is the Layer-2 ID of the UE-3 stored in the unicast link profile identified by the PFI.
2.
Optionally, the upper layer in UE-1 (i.e. V2X application layer) initiates change of application layer identifier of the UE-1and provides a new application layer identifier of the UE-1 to the lower layer.
3.
UE-1 decides the change of identifiers, e.g. due to the upper layer identifier change or the policy configuration related to privacy described in clause 5.1.2.1. UE-1 self-assigns Layer-2 ID and stores it as unicast link profile associated with the PFI. UE-1 generates Link Identifier Update Request which includes the newly assigned Layer-2 ID and the new application layer identifier if received from the upper layer. 
4.
UE-1 sends Link Identifier Update Request using the source Layer-2 ID and destination Layer-2 ID stored in the unicast link profile associated with the PFI. UE-1 indicates to the lower layer that the message is for signalling. 

UE-3 receives Link Identifier Update Request using PC5 unicast mode. UE-3 identifies the message is for the established unicast link associated with the PFI and the message is for signalling message by using a different logical channel (e.g. LCID of MAC header) than data message. 
5.
UE-3 stores the Layer-2 ID and application identifier (if received) of the UE-1 as the unicast link profile identified by the PFI. If application identifier is received, UE-3 informs upper layer of the change of application identifier of UE-1.
6.
UE-3 sends Link Identifier Update Response using the source Layer-2 ID and destination Layer-2 ID stored in the unicast link profile associated with the PFI.
NOTE:
PC5 unicast is bi-directional, therefore link identifier update procedure can be triggered by UE-3.

Editor’s Note: Whether RRC signalling is used for Link Identifier Update procedure and if so whether RRC signalling is combined with Link Identifier Update Request/Response depend on RAN decision.

6.3.x.3
Unicast link release procedure

Figure 6.3.x.3-1 shows the procedure for explicit PC5 unicast link release.
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Figure 6.3.x.3-1: Procedure for explicit PC5 unicast link release 
0.
Same as step 0 of Figure 6.3.x.2-1. 
1.
Same as step 1 of Figure 6.3.x.2-1.
2.
The upper layer in UE-1 (i.e. V2X application layer) requests to release the established unicast link. 
3.
UE-1 decides unicast link release and generates Direct Communication Release Request. 

4.
UE-1 sends Direct Communication Release Request using the source Layer-2 ID and destination Layer-2 ID stored in the unicast link profile associated with the PFI. UE-1 indicates to the lower layer that the message is for signalling. 


5.
UE-3 receives Direct Communication Release Request using PC5 unicast mode. UE-3 identifies the message is for the established unicast link associated with the PFI and the message is for signalling message by using a different logical channel (e.g. LCID of MAC header) than data message. 
6.
UE-3 sends Direct Communication Release Response using the source Layer-2 ID and destination Layer-2 ID stored in the unicast link profile associated with the PFI. UE-1 and UE-3 delete unicast link profile associated with the PFI.
NOTE:
PC5 unicast is bi-directional, therefore unicast link release procedure can be triggered by UE-3.

Editor’s Note: Whether RRC signalling is used for Link Release procedure and if so whether RRC signalling is combined with Direct Communication Release Request/Response depend on RAN decision.

Figure 6.3.x.3-2 shows the procedure for implicit PC5 unicast link release.
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Figure 6.3.x.3-2: Procedure for implicit PC5 unicast link release
0.
Same as step 0 of Figure 6.3.x.2-1.  
1.
UE-1 and UE-3 detect unicast link failure based on, e.g. link status report from the lower layer or keep-alive functionality in V2X layer. UE-1 and UE-3 delete the Unicast Link Profile associated with the corresponding PFIs.  
6.3.x.4
V2X service data transmission over PC5 unicast procedure
Figure 6.3.x.3-1 shows the procedure for unicast mode of V2X communication over PC5 reference point.
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Figure 6.3.x.3-1: Procedure for unicast mode of V2X communication over PC5 reference point
0.
Same as step 0 of Figure 6.3.x.2-1. 

1.
UE-3 determine the destination Layer-2 ID for V2X service data reception over PC5 unicast link as specified in clause 5.6.1.4. The destination Layer-2 ID is the Layer-2 ID of the UE-3 stored in the unicast link profile identified by the PFI.
2.
The upper layer in UE-1 (i.e. V2X application layer) provides V2X service data to the lower layer. 
3.
UE-1 determines the source and destination Layer-2 ID based on the unicast link status identified by the PFI.

4.
UE-1 sends the V2X service data over PC5 unicast. UE-1 indicates to the lower layer that the message is for data transmission.


UE-3 receives V2X service data using PC5 unicast mode. UE-3 identifies the message is for the established unicast link associated with the PFI and the message is for data transmission by using a different logical channel (e.g. LCID of MAC header) than signalling message.

NOTE:
PC5 unicast is bi-directional, therefore data transmission can be triggered by UE-3.

*** End of the changes ***
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