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1
Introduction

Section 6.2.1 of [1] (solution C1) presents an architecture for ProSe communications which addresses the key issues: ‘ProSe direct communication one-to-one’, ‘Relay for public safety ProSe’ and ‘ProSe one-to-many communications’. This architecture uses the concept of a group owner or co-ordinating entity. This architecture is illustrated below
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Figure 1  Illustration of the co-ordinating entity function to provide out of coverage D2D communication
The key features of this architecture are:

· ProSe enabled UEs must become a member of a ProSe group for D2D communications to occur.

· Within the ProSe group one UE must act as the co-ordinating entity (solution C1 calls this the group owner we term this as the co-ordinating entity or CE in this document).

· Co-ordinating entity provides synchronisation to all group members and thus all UEs in the group must be in transmission range of the co-ordinating entity.
· C1 (in [1]) proposes that all traffic, even in the one-to-one case, is forwarded through the co-ordinating entity. Clearly in some circumstances this can lead to inefficient usage of resources so within the architecture proposed the use of direct discovery and communications should not be discounted, albeit with the co-ordinating entity supervising the direct communications. The figure above shows this link as a dashed line to indicate that this is a optional feature. 
· The co-ordinating entity can perform the UE to network relay function when it is in coverage of E-UTRAN cell. This is illustrated in the figure with a dashed line (this link would employ the conventional Uu interface as shown).
It is also noted that several contributions to RAN1#73 discussed the use of a coordinating entity when out of network coverage, for example, referring to such an entity variously as a "UE soft-controller", "lightweight eNodeB", "cluster-head", "head UE", "D2D controller", "reference UE", "master UE" [3-9].

We believe this architecture lends itself well to D2D communications in the out of network coverage public safety case and we discuss this in the subsequent sections with particular emphasis on the RAN2 issues.
2           Key features of co-ordinating entity
The UE acting as a Coordinating Entity (CE) shall perform a similar role to an eNodeB, broadcasting a synchronisation signal and system information and controlling the allocation of resources to members of the group. An IP address should be allocated to each group member upon joining the group.
A UE, upon leaving network coverage, should look for synchronisation signals being transmitted by nearby CEs. Once a synchronisation signal has been discovered the UE should read the system information, which should contain information on the identity of the group and the device currently acting as CE. The UE may then initiate random access procedure in order to join the group.
If no nearby CE can be found the UE should assume the CE role and begin broadcasting a synchronisation signal. 
In the out-of-coverage D2D case in order to perform D2D communication a UE must either be connected to a co-ordinating entity or acting as the co-ordinating entity.
The role of Group Owner should be easily transferable between UEs within a group 

3          Role of the co-ordinating entity
When a UE assumes the role of CE it should broadcast a synchronisation signal, and also possibly some form of  system information indicating all necessary parameters for a UE wanting to join the group.

When a UE attempts to join the group the CE should verify that the UE has the necessary authentication, then allocate an IP address and establish a bearer. A list of the ProSe IDs of group members, along with their corresponding IP addresses and bearer IDs should be held by the CE.
The CE should act as a relay between group members, as specified in [2]. A list of all current group members could be transmitted by the CE in system information. In this way communications between group members can then be relayed by the CE, allowing communication between UEs without direct discovery. 
Multicast traffic sent by a group member can be transmitted to the CE with the use of group identifiers and distributed to the appropriate group members [1].
4        Joining a group
The following provides an outline of the process for joining a group


1. The UE finds the synchronisation signal. The UE is then synchronised to the CE.


2.  The UE reads system information; this shall contain the identity of the CE, the group identity, and 
information necessary for joining the group


3. If the UE has authentication to communicate with the CE (predefined) it initiates the random access 
procedure


4. The CE verifies that the UE has authentication for communication and allows the random access 
procedure to continue

5. The UE initiates a modified call setup procedure


6. A bearer is established and an IP address is allocated to the new group member. This IP address is 
linked to the ProSe ID of the member and the corresponding bearer ID.


7. The CE modifies the list of group members in system information to include the new member


8. The new group member can now communicate with any member of the group 

5       Observations

As mentioned above a simple observation is that the CE behaves like a simplified eNode B. This concept is attractive because there would be the possibility of reusing existing signalling and procedures. However despite the obvious desire to ensure that the CE performs in a similar fashion as a eNode B it is clear that significant modification is required, most notably both directions of the link between public safety UEs and the UE acting as CE will likely be PUSCH physical channels [10]. From this statement and the discussion presented in the rest of this document the following observations can be made  

Observation 1 : There is clearly a desire to ensure that the CE behaves in a similar way to an eNode B. However it will clearly not be possible for the CE to behave in exactly the same way as an eNode B. 
Observation 2 : Given the above observation it is therefore clear that there will need to be new RRC states to indicate that the UE is connected to a CE (e.g. ‘RRC_CE_CONNECTED’) and also that the UE is acting as a CE (e.g. ‘RRC_ACTING_CE’).
Observation 3 : Significant MAC modification will be needed to deal with underlying change in physical channels.
Observation 4 : Modified idle mode functionality will be required for the UE to identify and camp onto a CE when no E-UTRAN coverage is available.
Observation 5 : The CE will probably need to transmit some form of modified system information possibly including the identities of the UEs connected to it.

Some commonality between existing procedures and those currently defined could be preserved thus the following observations can be made.
Observation 6 : UEs would obtain an RRC connection with the CE using similar procedures to that currently defined (use of PRACH would be maintained at the physical layer). This process would establish an SRB between the UE and the CE.
Observation 7 : At least one DRB would be established between the CE and each UE connected to it.

Clearly the use of co-ordinating entity creates a single point of failure. In addition given the distribution of UEs in an out of coverage region the optimal UE to take on the role of the co-ordinating entity may change as UEs move over time. This leads to the observation that:
Observation 8 : A high proportion of ProSe UE will need to be capable of taking the CE role.

Observation 9 : Efficient mechanisms will be needed to be able to quickly switch the CE role to the most optimally located UE.

If all data is routed though the CE and UEs discover the existence of other UEs by reading information provided by the CE then there is no discovery functionality required in this architecture.
Observation 10 : No direct discovery functionality will be needed for the operation of out-of-coverage D2D communications using the co-ordinating entity architecture.
6       Conclusion
This contribution has discussed a method of providing out-of-coverage D2D communication using t Coordinating entity (or group owner) concept.   
Proposal 1: It is proposed that solution C1 as described in [1] is studied and implemented with the purpose of enabling and controlling out of network ProSe communications
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