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Discussion

Note:
This paper does not look at network control.  It looks at the information that a UE needs to have to perform a discovery procedure.

ProSe direct discovery is about finding a UE or group of UEs that have a common interest (e.g. application can could be Mission Critical Service, Game, IoT application, Commercial service like Taxi, tour guide presentations etc, relay[s]).   

Observation 1:
UEs are interested in finding others with similar interests

Some of these applications e.g. a game could have many groups, where there are many friends playing the same game but in different groups.  The groups could be very close together e.g. gaming facilities that have dedicated computers/screens for individuals that are within feet of each other.

Observation 2:
The same application could be used by 1 or more UEs where proximity of those UEs is in 10’s of feet

Using the gaming example a UE in a specific area could be using 2 or more games and thus is interested in 2 or more distinct applications in the same area.

Observation 3:
A UE in a location could be looking for multiple UEs where multiple UEs use different applications in the same location.

Summaries

A UE might want to discover or be discovered by: 
· A unique UE using a specific application

· a group of UEs using a specific application.

· a relay (a relay is a form of application)

Optionally the UE might be performing the above for a given location area.

There is a base assumption that V2X will be used as the baseline for ProSe.  V2X has a Layer-2 ID that is 24bits in length.  That allows for 16.7 million unique values.  If applications can have dedicated spectrum it might be possible to use Layer-2 ID, however this cannot be assumed, the system must be flexible to allow an operator to deploy the service how they choose.  As such given that an operator can have more UEs than available Layer-2 IDs and that privacy requires UEs to change their Layer-2 ID the Layer-2 ID alone cannot be used to uniquely identify a UE.  

Observation 4:
Layer-2 ID needs to be augmented as alone it cannot satisfy finding a unique UE if applications do not have dedicated spectrum to use.

The following identities are required:
a) Application ID:
An identity used by a UE to indicate a specific ProSe application. The application ID is assigned (provided) by the application layer and can be used to identify e.g.

· An application e.g. Mission Critical Voice, Game A, Game B, Taxi Communications company Y

· A Relay or Relays with a set of functionality

b) Layer-2 ID
A Layer 2-ID.  It could indicate any of the following:

· Type of Direct Discovery (group or, unicast)

NOTE:
Might be necessary to provision in the UE unique meanings of what a Destination Layer 2-ID could mean..

· An application (see application ID)

· A combination of the above 2.

c) ProSe Device ID
An identity used to identify a unique or group of UE.
Using the above one could forsee the following:

a) There could be a ProSe service that is publically known.  In this situation it might be beneficial to assign a unique destination Layer-2-ID so that receiving UEs do not decode anymore of a message.  For an operator this reduces complexity of mapping identities in their network.
b) There could be a number of gaming services, the gaming service could have many groups.  Using an application ID allows Destination Layer-2 IDs to be reused in a geographical area of high population density, where now the differentiation is performed using the Application Layer 2 ID.  A variation is a ProSe Device identity could be used to identify a group of UEs using a specific application.
c) A UE using an application e.g. file sharing wants to communicate directly with another UE.  In this situation Application Layer ID and ProSe Device identity could be used, the destination layer 2 ID would identify 1 to 1 communications.

The key is that the system must be flexible to provide opportunities to reduce operational complexities and hopefully allow a commercial deployment.

Furthermore there is the informative description regarding the control of ProSe discovery from TS 22.278
	7A.0A
Feature description (Informative)
7A.0A.1
ProSe Discovery

ProSe Discovery identifies that ProSe-enabled UEs are in proximity of each other, using E-UTRA (with or without E-UTRAN) or EPC when permission, authorisation and proximity criteria are fulfilled. The proximity criteria can be configured by the operator. 

The use of ProSe Discovery must be authorised by the operator, and the authorisation can be on a "per UE" basis, or a "per UE per application" basis. An authorised application can interact with the ProSe Discovery feature to request the use of certain ProSe Discovery preferences.




Table 1 – Extract TS 22.278
Proposal

TS 23.287 already has the concept of Discovery, section 6.3.3 for Unicast mode link establishment consists of a UE broadcasting a need to contact either a single or group of UEs that have a common interest (PSID etc) and UEs that actively listen for receiving notifications of UEs that want to communicate with them.  It would seem to be a good idea to use this concept inline with V2X being used for other KI solutions.
Proposed to use Unicast link establishment as a basis for discovery.  Below in a critique of the current V2X procedure.

	6.3.3.1
Layer-2 link establishment 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.
Figure 6.3.3.1-1 shows the layer-2 link establishment procedure for unicast mode of V2X communication over PC5 reference point.

 REMOVED TO REDUCE no. pages
Figure 6.3.3.1-1: Layer-2 link establishment procedure

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.
Comment – The basic principal is to use this concept; the changes are how the Layer-2 ID can be determined.  The Layer-2 can be:

A. Preconfigured in the Prose Layer if not provided by application layer (per clause 5.6.1.4)
B. Provided by the application layer.

2. The V2X application layer in UE-1 provides application information for PC5 unicast communication. The application information includes the service type(s) (e.g. PSID or ITS-AID) of the V2X application and the initiating UE's Application Layer ID. The target UE's Application Layer ID may be included in the application information.
Comment – Use this, V2X application layer is now ProSe application layer.  PSID ITS-AID is changed to be application ID for ProSe application. Optionally include any of the following new information from application layer:

A. Location information

B. Origination and Destination Layer 2-ID

C. ProSe Device ID

D. Optional Time to live (TTL) value for A-C


The V2X application layer in UE-1 may provide V2X Application Requirements for this unicast communication. UE-1 determines the PC5 QoS parameters and PFI as specified in clause 5.4.1.4.
Editor’s Note:
If this is used is FFS.

If UE-1 decides to reuse the existing PC5 unicast link as specified in clause 5.2.1.4, the UE triggers Layer-2 link modification procedure as specified in clause 6.3.3.4.
Editor’s Note:
If this is used is FFS.
3. UE-1 sends a Direct Communication Request message to initiate the unicast layer-2 link establishment procedure. The Direct Communication Request message includes:
Comment – The name of the message could be changed, however the principal is somewhat similar.

-
Source User Info: the initiating UE's Application Layer ID (i.e. UE-1's Application Layer ID).
Comment – If received plus following information

A. ProSe Device ID

-
If the V2X application layer provided the target UE's Application Layer ID in step 2, the following information is included:

-
Target User Info: the target UE's Application Layer ID (i.e. UE-2's Application Layer ID).
-
V2X Service Info: the information about V2X Service(s) requesting Layer-2 link establishment (e.g. PSID(s) or ITS-AID(s)).
-
Indication whether IP communication is used.
Comment – The inclusion of this is for FFS as it could be implicit from the other information that has been included..
-
IP Address Configuration: For IP communication, IP address configuration is required for this link and indicates one of the following values:

-
"IPv6 Router" if IPv6 address allocation mechanism is supported by the initiating UE, i.e., acting as an IPv6 Router; or

-
"IPv6 address allocation not supported" if IPv6 address allocation mechanism is not supported by the initiating UE.

-
Link Local IPv6 Address: a link-local IPv6 address formed locally based on RFC 4862 [21] if UE-1 does not support the IPv6 IP address allocation mechanism, i.e. the IP Address Configuration indicates "IPv6 address allocation not supported".
-
QoS Info: the information about PC5 QoS Flow(s). For each PC5 QoS Flow, the PFI and the corresponding PC5 QoS parameters (i.e. PQI and conditionally other parameters such as MFBR/GFBR, etc).

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.
Comment – These subclauses referenced need to be augmented to say that the ProSe layer application could also provide the Layer-2 ID


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

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 PC5 unicast link. The initial signalling for the establishment of the PC5 unicast link may use a default destination Layer-2 ID associated with the service type (e.g. PSID/ITS-AID) configured for PC5 unicast link establishment, as specified in clause 5.1.2.1. 
Comment – This needs to be enhanced to indicate that the ProSe Application Layer can also provide the Destination Layer-2 ID.

During the PC5 unicast link establishment procedure, Layer-2 IDs are exchanged, and should be used for future communication between the two UEs, as specified in clause 6.3.3.1.

The Application Layer ID is associated with one or more V2X applications within the UE. If UE has more than one Application Layer IDs, each Application Layer ID of the same UE may be seen as different UE's Application Layer ID from the peer UE's perspective.
Comment – FFS if Application Layer ID is needed.

The UE maintains a mapping between the Application Layer IDs and the source Layer-2 IDs used for the PC5 unicast links, as the V2X application layer does not use the Layer-2 IDs. This allows the change of source Layer-2 ID without interrupting the V2X applications.

When Application Layer IDs change, the source Layer-2 ID(s) of the PC5 unicast link(s) shall be changed if the link(s) was used for V2X communication with the changed Application Layer IDs.

A UE may establish multiple PC5 unicast links with a peer UE and use the same or different source Layer-2 IDs for these PC5 unicast links.

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 1:
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. PSIDs 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. PSIDs 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 TS 23.285 [8] clause 4.4.1.1.2 item 3) Policy/parameters 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. PSIDs or ITS-AIDs) to V2X frequencies with Geographical Area(s).

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application for broadcast.

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application for groupcast.

-
The mapping of default Destination Layer-2 ID(s) for initial signalling to establish unicast connection and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application.

NOTE 2:
The same default Destination Layer-2 ID for unicast initial signalling can be mapped to more than one V2X services. In the case where different V2X services are mapped to distinct default Destination Layer-2 IDs, when the UE intends to establish a single unicast link that can be used for more than one V2X services, the UE can select any of the default Destination Layer-2 IDs to use for the initial signalling.

-
PC5 QoS mapping configuration:

-
Input from V2X application layer:

-
V2X service (e.g. PSID or ITS-AID).

-
(Optional) V2X Application Requirements for the V2X service, e.g. priority requirement, reliability requirement, delay requirement, range requirement.

NOTE 3:
Details of V2X Application Requirements for the V2X service is up to implementation and out of scope of this specification.
-
Output:

-
PC5 QoS parameters defined in clause 5.4.2 (i.e. PQI and conditionally other parameters such as MFBR/GFBR, etc).

-
SLRB configurations, i.e. the mapping of PC5 QoS profile(s) to SLRB(s), when the UE is "not served by E-UTRA" and "not served by NR".

-
The PC5 QoS profile contains PC5 QoS parameters described in clause 5.4.2, and value for the QoS characteristics regarding Priority Level, Averaging Window, Maximum Data Burst Volume if default value is not used as defined in Table 5.4.4-1.

Comment – The above is good for a basis of parameter provisioning in the UE.  V2X service (PSID or ITS-AID) can be replaced by ProSe Application.

Bullet 6 contains the basis for mapping application IDs to Layer 2-IDS

6)
Policy/parameters when NR PC5 is selected:

-
The mapping of service types (e.g. PSIDs or ITS-AIDs) to V2X frequencies with Geographical Area(s).

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application for broadcast.

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application for groupcast.

-
The mapping of default Destination Layer-2 ID(s) for initial signalling to establish unicast connection and the V2X services, e.g. PSIDs or ITS-AIDs of the V2X application.
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6.X
Solution for Key Issue #1: V2X based solution
6.X.1
Description

6.x.1.1
General

A UE may either listen for other UEs it is interested in, or it may broadcast its interest. 3GPP TS 23.287 [5] already has the concept of Discovery, section 6.3.3 for Unicast mode link establishment It is proposed to use PC5-S procedure for Direct Discovery.

The ProSe application layer, which in 3GPP TS 23.287 [5] is the V2X application layer will determine what type of information should be either looked for or broadcast in the direct discovery procedure which includes an Application ID and 
a Destination Layer-2 ID. 
Editor’s Note:
It is FFS how to identify a UE at the ProSe layer and if a ProSe layer UE identity needs to be provided.


There maybe situations when a unique Destination Layer-2-ID has been assigned to identify an application (e.g. as in 3GPP TS 23.287 [5] a V2X service can be assigned a unique Destination Layer-2 ID), in such a situation it would not be expected to receive Destination Layer 2-ID from the application layer. In addition, a UE may be interested in only communicating with another specific UE(s), in such situations a Destination Layer-2-ID maybe sufficient or there might be a need to look for a specific UE that is independent of the Destination Layer-2-ID. The procedure is flexible so that ProSe Layer is provided a set of identities from the ProSe application layer and the ProSe Layer then uses these identities to do a match.

6.X.2
Procedures

6.x.2.0
Policy/Parameter Description

6.x.2.0.1
General

The following identities are required:

a)
ProSe Application ID:
An identity used by a UE to indicate a specific ProSe application. The ProSe application ID is assigned (provided) by the ProSe application layer and can be used to identify e.g.

· An application e.g. Mission Critical Voice, Game A, Game B, Taxi Communications company Y
NOTE:
This is a form of ProSe Application Code as described in TS 23.303 [zz].
b)
Destination Layer-2 ID
Indicate any of the following:

· Type of Direct Discovery (group or unicast)



Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.
All of the above identities can be either fixed over time or can be dynamic depending on operator configuration.  When an identity is dynamic it will have a validity timer. Dynamic allocation of the identities by the ProSe Application layer allows for privacy support.
6.x.2.0.2
Policy/Parameter provisioning
The same concept as in 3GPP TS 23.287 [5] clause 5.1.1 shall be used.

See TS 23.287 [5] sub-clause 5.1.2. Replace:

-
V2X service by ProSe Application.

-
PISD and ITS-AID by Application ID

Add the following new requirements

X)
Policy/parameters related to if ProSe application is allowed to use PC5 direct discovery:

-
The list of ProSe Applications that are allowed to use PC5 direct discovery.

Y)
Policy/parameters related to Destination Layer-2-ID for or unicast discovery

-
The mapping of default Destination Layer-2 ID(s) for initial PC5 direct discovery

6.x.2.1
General

ProSe Direct Discovery consists of 2 components:
Listening
This procedure consists of the UE listening for broadcast data. Depending on the ProSe application that the UE is wanting to use, the UE maybe required to listen for any or all of the following:

I
Destination Layer 2-ID;
II
ProSe Application ID;




Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.
Broadcasting
This procedure consists of the UE broadcasting data that other UEs will be listening for. Depending on the ProSe application that the broadcasting UE is wanting to use, in addition to broadcasting the Origination and Destination Layer-2-IDs, the broadcasting UE maybe required to also broadcast any of the following:

I
ProSe Application ID;


Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.
The following subsection is based upon 3GPP TS 23.287 [5] section 6.3.3.

















6.x.2.2
ProSe Direct Discovery Procedure 

To perform ProSe Direct Discovery communication over PC5-S reference point, the UE is configured with the related information as described in clause 6.x.2.0.2.

Figure 6.X.2.2-1 shows the procedure for ProSe Direct Discovery Announcement over PC5 reference point.
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Figure 6.X.2.2-1: ProSe Direct Discovery procedure

1.
The ProSe application layer in UE-2-4 provides for PC5 Discovery Listening communication from the ProSe application layer to the ProSe layer at least one of the following information:
-
Destination Layer-2 ID;

-
ProSe Application ID;
Editor’s Note:
It is FFS how to ensure there is no collision of ProSe Application IDs between applications.


Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.
The ProSe application layer determines the contents of the Origination and Destination User Info if they have been provided to the ProSe Layer.


2.
The ProSe application layer in UE-1 provides to the ProSe layer for PC5-S Broadcast Discovery Announcement (DBA)at least one of the following:
-
ProSe Application ID;
Editor’s Note:
It is FFS how to ensure there is no collision of ProSe Application IDs between applications..
-
Destination Layer-2 ID;


Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.

The Prose layer shall check to see if the Application ID received from the ProSe application layer is allowed to use ProSe PC5 communications.

a.
If the Application ID is allowed per policy defined in sub-clause 6.x.2.0.2 to use ProSe PC5 communications, if the ProSe layer:

i.
receives a Destination Layer-2-IDs from the ProSe application layer it shall be used as the Destination Layer-2-ID in step 3; or
ii.
did not receive a destination layer 2-ID from the ProSe application layer, the ProSe layer shall determine if it has a provisioned Destination Layer-2-ID for that Application Layer ID as described in sub-clause 6.x.2.0.2 If a Destination Layer-2 ID:
-
has been provisioned it shall be used in step 3; or
-
has not been provisioned then the ProSe Layer shall determine if a Destination Layer 2-ID has been provisioned for the type of communication being requested by analysing the ProSe Device ID to determine if group communication or unicast is being requested.

Editor’s Note:
It could be possible that there is a Destination Layer-2 ID just for announcement purposes. This is FFS.

b.
If the Application ID is not allowed per policy defined in sub-clause 6.x.2.0.2 to use ProSe PC5-S communications then an error shall be indicated to the ProSe Application Layer. The procedure shall be terminated.
3.
For the Broadcasting UE, UE-1, if the ProSe Layer received Location information, the ProSe Layer will only send a Broadcast Discovery Communication request message to announce itself in that location, else the ProSe Layer sends a Broadcast Discovery Communication request message to announce itself. The Broadcast Discovery Communication request message includes:

-
Application Layer ID (if received in the User info);


-
The Destination Layer-2-IDs as determined in step 2.
Editor’s Note:
It is FFS how to identify a UE at the ProSe layer.

For the listening UE(s), UE-2 to UE-4, the ProSe Layer will listen for a Broadcast Discovery Communication message. Upon receiving a Broadcast Discovery CommunicationUE-2 will perform a match using the information received in step 1:





































6.X.3
Impacts on Existing Nodes and Functionality
Editor's Note: This clause captures impacts on existing 3GPP nodes and functional elements.
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