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1
Introduction

At the RAN#67 plenary meeting a revised WID for Enhanced LTE Device to Device Proximity Services was agreed.  One of the work item objectives in this revised WID is as follows [1]:
1)

Define enhancements (if needed) to D2D discovery to enable the following features: 

a)
Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].
Note that although the Enhanced D2D work item is RAN2-led, this particular objective is a RAN1-led one.  
The work by SA2 for the study on extended architecture support for ProSe-based services is continuing as agreed in the updated SA2 WID [2] and version 1.0.0 of TR 23.713 is now available [3]. 
In order to assist this work SA2 sent an LS to RAN1 at RAN1#80 requesting some guidance on the suitability of which signalling protocol should be used for the partial and out-of-coverage Type 1 Discovery [4].  An LS reply was agreed at RAN1#80 and sent to SA2 [5].
This contribution discusses some of the physical layer aspects of Direct Discovery and also some of the issues raised in the SA2 LS and the reply from RAN1.
2
Discussion on Direct Discovery 
2.1
Scope of the Direct Discovery work
In the SA2 study report on the extended architecture support for ProSe-based services, TR 23.713, it is stated that [3]:
Both Model A and Model B discovery are supported:
-
Model A uses a single discovery protocol message (Announcement).

-
Model B uses two discovery protocol messages (Solicitation and Response).
Hence it can be assumed that the Discovery message contents must support all three of these message types.  In addition the procedures which are supported for Direct Discovery are also discussed in TR 23.713 [3]:

The following use cases for public safety discovery are supported:
-
UE-to-Network Relay Discovery.

-
Determination is needed regarding within the ProSe Communication which user(s) are in ProSe Communication range at any given time (shortly referred to as "Group Member Discovery").

-
UE-to-UE Relay Discovery.
However in the revised WID there is no objective to enable support for a UE-to-UE Relay and so it can be assumed that only the first two cases are supported for public safety discovery i.e. UE-to-Network Relay Discovery and Group Member Discovery.  The revised WID states that a Type 1 discovery for the partial and outside network coverage scenarios should be specified and so it can be assumed that this enhanced discovery is what should be used to support the two Direct Discovery procedures.
The procedures for UE-to-Network Relay Discovery and Group Member Discovery are discussed in TR 23.713 (the study on extended architecture document) and some examples of message sequence charts are given as illustrations [3].  These make it clear that in the case of UE-to-Network Relay Discovery it is the relay itself which is being discovered.  There is no intention that other UEs can be “discovered” over the relay link and the only traffic which is relayed is data to and from the network.  Hence the mechanism by which relays are discovered can be independent of the mechanism by which traffic is transported over the relay.
Observation 1:  The procedures which are supported in Release 13 Direct Discovery are UE-to-Network Relay Discovery and Group Member Discovery and they will be enabled by the implementation of an enhanced Type 1 Discovery in the partial and outside network coverage scenarios.
Observation 2:  The mechanism by which relay UEs are discovered by out-of-coverage UEs can be independent of the mechanism by which traffic is relayed.
2.2
Contents of the discovery messages
Suggestions for the contents of the discovery messages are given in TR 23.713 [3].  As an example, the contents of the Discovery message in the case of Model A for the UE-to-Network Relay Discovery message would be as follows:
· Message type: Announcement (i.e. Model A)
· Discovery type: indicates that this is UE-to-Network Relay Discovery
· ProSe Relay UE ID: link layer identifier that is used for direct communication and is associated with a PDN connection the ProSe UE-to-Network Relay has established.

· PLMN ID: this identifies the PLMN to which radio frequencies used on the link to the Remote UE belong. If these radio frequencies are shared between multiple PLMNs, or not allocated to any PLMN, then the choice of PLMN ID is configured by the HPLMN.

· Connectivity Info: Parameter identifying connectivity the ProSe UE-to-Network Relay provides (e.g. including APN information).

· Status/maintenance flags (e.g. indicating whether the relay is temporarily without connectivity or battery running low so the Remote UEs can seek/reselect another Relay).

· Group Info: contains information about the group(s) that the UE-to-Network Relay is currently relaying.
Note that this message is sent by the relay UE itself and is received by out-of-coverage UEs which are trying to discover a relay on which to send/receive data to/from the network.  Similar lists of parameters can be drawn up for all combinations of Models and procedures.  The discovery message will have to support all combinations and the size of the message is currently unknown.  
A companion document discusses how a UE can take on the role of a UE-to-Network Relay [6].  It is proposed that if enabled by the network, a ProSe-enabled public safety UE can autonomously assume the role of a UE-to-Network Relay.  It also discusses how the relay should transmit a “relay quality metric” as part of its Discovery message.  This quality metric is calculated locally at the UE and gives an indication of how good a relay the UE believes itself to be.  This can be used together with the Discovery power measurement in order that an out-of-coverage UE can select a suitable relay.

Hence in addition to the parameters identified in TR 23.713 the relay quality metric should also be transmitted in the Announcement message (Model A) and in the Response message (Model B).  It may be possible to include this information in the field containing the status/maintenance flags.
As discussed in our companion document considering how a UE can take on the role of a UE-to-Network Relay, an out-of-coverage UE may need to indicate that it is seeking a relay UE [6].  Not all UEs will be advertising this service and although there may be suitable UEs nearby they may not have actively assumed this role.  The following are some ways for the UE to prompt another UE to assume the role.  Firstly the Mode B UE-to-Network Relay Discovery mechanism can be used.  If the Solicitation message of the initiating UE indicates that it is out-of-coverage this could prompt a UE which is in-coverage to assume this role and indicate this in its transmitted Response message.  Secondly a UE which is out-of-coverage can include the fact that it is seeking a relay in its transmitted Announcement message.  An in-coverage UE which receives this message could be triggered to assume the role of relay and modify its transmitted Discovery messages accordingly.
Observation 3:  The size of the Direct Discovery message for public safety is currently unknown and RAN1 will have to wait for RAN2 and RAN3 to specify the size.  Until then a working assumption could be that the current discovery message size of 232 bits is sufficient.

Proposal 1:  The “Status/maintenance flags” field in the Discovery message can include a relay quality metric indicating how good a relay the UE believes itself to be.

Proposal 2:  The Solicitation and Announcement Discovery messages can be used by an out-of-coverage UE to prompt an in-coverage UE to assume the role of a UE-to-Network relay.
2.3
Physical layer implementation for the discovery messages

The Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use is an enhancement of the Release-12 and should reuse this implementation or only modify it slightly.  The current Release-12 synchronisation solution should work both in and out-of-coverage and so should be reused for Release-13.
It can also be assumed that as far as RAN1 is concerned the transport mechanism for the Discovery messages is the same as for Release-12.  That is they are broadcast messages and the implementation should reuse Release-12 methods where possible. 

As stated in the response LS to SA2 on public safety discovery, if the discovery message size and latency are acceptable, the Release-12 Discovery mechanism would be a better solution than to use Communication for the reasons outlined in the LS [5].  This should be confirmed as a working assumption until RAN2 and RAN3 have further specified the discovery message.
Proposal 3:  Confirm as a working assumption that Release-12 Discovery methods can be used for the Release-13 Discovery in partial and outside network coverage scenarios.
2.4
Other issues arising from the reply LS to SA2
In the response LS to SA2 it is stated that RAN1 has not studied the UE-to-Network relay functionality and so the analysis in the LS reply does not apply to UE-to-Network relay discovery [5].  However it has been shown in this contribution that the UE-to-Network relay discovery may be considered to be independent of the mechanism of the relay itself.  Hence the analysis can in fact apply to the relay discovery.
Also in the response LS it is stated that RAN1 observes that Group Member Discovery is not mentioned in the RAN WID.  However Model A/B is not mentioned in the RAN WID either and there is no implication that Model A/B should not be supported, provided that they are transparent to the access stratum.  This reasoning should also apply to Group Member Discovery, TMGI advertisement and Cell ID announcement as well.  As long they are transparent to the access stratum there is no reason why these features cannot be supported.
Observation 4:  Although Group Member Discovery, TMGI advertisement and Cell ID announcement are not mentioned in the RAN WID there is no reason that they should not be supported if they are transparent to the access stratum.  

3
Conclusion 
In this contribution we have discussed the scope of Discovery for partial and outside network coverage.  The message contents have also been considered and some additional parameters have been suggested which will make it easier for UEs to assume the role of a UE-to-Network relay.  Some of the physical layer aspects have been considered and it is proposed that as a working assumption, Release-12 Discovery methods should be used for the enhanced discovery.  The contribution has also briefly addressed some of the issues raised in the SA2 LS on public safety discovery and the reply from RAN1.
In conclusion the following observations and proposals are made:
Observation 1:  The procedures which are supported for Direct Discovery are UE-to-Network Relay Discovery and Group Member Discovery and they will be enabled by the implementation of an enhanced Type 1 Discovery in the partial and outside network coverage scenarios.
Observation 2:  The mechanism by which relay UEs are discovered by out-of-coverage UEs can be independent of the mechanism by which traffic is relayed.
Observation 3:  The size of the Direct Discovery message for public safety is currently unknown and RAN1 will have to wait for RAN2 and RAN3 to specify the size.  Until then a working assumption could be that the current discovery message size of 232 bits is sufficient.

Proposal 1:  The “Status/maintenance flags” field in the Discovery message can include a relay quality metric indicating how good a relay the UE believes itself to be.

Proposal 2:  The Solicitation and Announcement Discovery messages can be used by an out-of-coverage UE to prompt an in-coverage UE to assume the role of a UE-to-Network relay.
Proposal 3:  Confirm as a working assumption that Release-12 Discovery methods can be used for the Release-13 Discovery in partial and outside network coverage scenarios.

Observation 4:  Although Group Member Discovery, TMGI advertisement and Cell ID announcement are not mentioned in the RAN WID there is no reason that they should not be supported it they are transparent to the access stratum.
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