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1. Discussion
This document introduces the concept of “ProSe group” and discusses how a ProSe group can be created.
As shown in Fig. 1 below, ProSe-enabled UEs in close proximity can be arranged into a number of ProSe groups. Each ProSe group is essentially a centralized wireless ad-hoc network composed by one or more UEs, which can securely communicate with each other (e.g. by using the IPv4 or IPv6 protocol). Each ProSe group has a UE functioning as a “group leader”. This UE behaves as a wireless access router for the group: It accepts or rejects UEs that request to join the group, it provides security information and IP configuration data to new group members and advertizes the presence of the group by broadcasting a group identity. This group identity is randomly generated by the group leader so that it can be assumed locally unique across all the other groups operating in the same area.
Before two ProSe-enabled UEs can directly communicate they need to become members of the same ProSe group. In the most typical case, when UE-1 and UE-2 discover each other and decide to communicate directly, they need first to create a new group (Group A in Fig. 1). During the group creating procedure, one of the UEs is elected to serve as group leader and the other as group member. After both UEs become members of Group A, they can use any IP-based application to communicate with each other.
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Fig. 1: ProSe-enabled UEs arranged in ProSe groups.
A ProSe group can be discovered by non-member UEs by monitoring the information broadcast by the group leader. This information can be broadcast on pre-configured radio channels. A non-member UE can autonomously request from the group leader to join the group and the group leader can either accept or reject the join request. A non-member UE can also be invited by a member UE to join a ProSe group. For example, UE-5 in Fig. 1 may invite UE-8 to joint Group B.

All transmissions in a ProSe group are directed to the group leader, which servers as a bridge. The group leader can relay the transmissions to other member UEs.
A ProSe group can be composed by a group leader only; for example, see Group D in Fig. 1. In this case, the ProSe group is pre-established and gets ready to accept UE members. 
A ProSe-enabled UE may be member in multiple different ProSe groups; for example, see UE-2 and UE-3 in Fig. 1. In such case, the UE belongs to multiple different IP networks and thus it needs to support multiple IP interfaces. It needs also to be capable of monitoring and communicating with different group leaders.
A ProSe group can be created by using E-UTRA Rel-12 radio technology. In theory, WiFi Direct could also be used. Actually the proposed group formation procedure maps very well to the existing WiFi Direct specification.
A ProSe group can be formed either (i) autonomously by one or more UEs without any network involvement or (ii) with network assistance. This is further discussed in the proposed changes.
2. Proposed Changes

The following changes are proposed to Solution 2 for introducing the concept of ProSe group.
****************************** FIRST CHANGE ******************************

6.x
Solution X: ProSe Group Formation
6.x.1
Overview
The ProSe group formation procedure proposed in this section is relevant to key issue #4 (one-to-one direct communication using E-UTRA) and to key issue #12 (one-to-many direct communication using E-UTRA).
As shown in Figure 6.x.1-1, ProSe-enabled UEs in close proximity can be arranged into a number of ProSe groups.
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Figure 6.x.1-1: ProSe-enabled UEs arranged in ProSe groups. 
Before direct communication can be established between two or multiple ProSe-enabled UEs, these UEs need to become members of the same ProSe group. Essentially, a ProSe group is an ad-hoc private IP network composed by one or more member UEs that can securely communicate with any IP-based application. Each ProSe group is characterized by a locally unique identity. The procedure with which a new ProSe group is created is called “group formation” procedure.

One of the UEs in a ProSe group plays the role of the “group leader”, i.e. implements special functionality that facilitates the group formation and operation. A group leader is similar to a wireless access router: It announces the group (e.g. by broadcasting a certain group identity) and admits or rejects new UEs that request to become group members. It also provides security information and IP configuration to group members. The group leader creates the group identity with a pseudo-random fashion so that the group identity can be assumed locally unique, i.e. unique across all other groups that operate in the same area.
Editor’s Note: The structure of the ProSe group identity is FFS. 
The group leader behaves also as a communication bridge, i.e. it receives all transmissions from the group members and (if necessary) forwards the transmissions to other group members (e.g. based on the L2 or L3 destination address). 
A ProSe group can be formed either (i) autonomously by one or more UEs without any network involvement or (ii) with network assistance, as described in the following two sections.
6.x.2
Autonomous Group Formation

The autonomous group formation is particularly useful in scenarios where a ProSe group needs to be formed outside the network coverage, e.g. to enable direct communication between public safety UEs that need to handle an emergency situation in an isolated area or where network coverage is not available. 
An autonomous ProSe group may be created with one of the following ways:
· A ProSe-enabled UE may create a ProSe group by autonomously becoming a group leader (see Group D in Figure 6.x.1-1). This UE creates a new group identity and advertizes the existence of the ProSe group (e.g. by broadcasting the group identity on designated radio channel(s)) and serves requests from other ProSe-enabled UEs that want to become group members. In this case, the ProSe group starts as a single-member group (the group leader is the only initial member).
· A ProSe-enabled UE may start a ProSe group after it discovers (e.g. by using the Direct Discovery procedures described in clause 6.2.1) another ProSe-enabled UE in close proximity. These two UEs negotiate the group leader role, i.e. one of them is elected to function as group leader. In this case, the ProSe group starts as a two-member group. 
An autonomous ProSe group can be expanded (i) when other UEs request to join the group or (ii) when other UEs are invited to join the group. The invitation to the group is useful when two UEs need to directly communicate but they are not members of a common ProSe group. If, for example, UE-5 is member of group Group B and wants to establish direct communication with UE-8, which is not a member of group Group B, the UE-5 may send an invitation request message to UE-8 and trigger it to join group Group B.
Only the group leader can accept new members to the group, thus all join requests need to be sent to the group leader. The group leader can be discovered by its broadcast transmissions. When the group leader accepts a new ProSe-enabled UE to join the group, it provides to this UE the necessary security information (a pre-shared key) for securing all further communications with the group leader.
When two ProSe-enabled UEs need to establish direct communication, they need first to create a new ProSe group. One of these UEs will be assigned the role of group leader and will provide the security and IP configuration information to the other UE. If necessary, the group may be kept closed by rejecting other UEs to join this group.
An autonomous ProSe group can be created by using E-UTRA Rel-12 radio technology. 
Editor's Note: It is FFS if WiFi Direct can also be used for autonomous ProSe group formation.
6.x.3
Group Formation with Network Assistance
Editor's Note: To be completed.
6.x.4
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.x.5
Solution evaluation

Editor’s Note: The fulfillment of requirements in section 4.2 needs will be evaluated.  
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