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Abstract of the contribution: This document proposes a solution for ProSe group communication when UEs are out of E-UTRAN coverage.
1. Introduction

The purpose of this document is two folds: to discuss the information needed by public safety ProSe-enabled UEs when those UEs are out of E-UTRAN coverage, and the UE behaviour when starting ProSe group communication beyond E-UTRAN coverage.

The phase 1 requirements include: 
· An authorised public safety UE shall be capable of concurrent communication using the network infrastructure and off network ProSe whether or not ProSe Discovery is used. [TS 22.278]

· Authorised ProSe-enabled public safety UEs in or out of E-UTRAN coverage shall be able to communicate with other authorised ProSe-enabled public safety UEs whether or not ProSe discovery is used. [TS 22.278, 7A.2]

Group member UEs beyond E-UTRAN coverage may be served by different eNB of different PLMNs, these UEs may not even be synchronized in RAN level. Before initiating ProSe discovery procedure, group member UEs may need to synchronize with others to ensure the ProSe discovery request can be received by other ProSe UEs correctly. 
ProSe group communication can be realized by one-to-one or one-to-many ProSe communication. The content of the communication shall be delivered to all group members at similar time. When group members UEs of a specific communication group discover each others in proximity and tend to initiate a group-specific ProSe group communication, group-based communication resource shall be allocated for a specific group. To relieve the complexity and the amount of UEs compete for ProSe communication resource during a short time period, a group coordinator could be an efficient way to represent a group to allocate the group-based communication resource, to inform the allocated group communication resource to group members, and to coordinate the data dispatch of the group communication. 
ProSe group communication can be initiated with or without group coordinator in the communication area. This document discusses the scenarios of ProSe group communication with and without group coordinator, and proposes the solutions for ProSe group communication when UEs are out of E-UTRAN coverage. 

2. Discussion
2.1 Functional description

2.1.1 General
Group member UEs are UE of public safety group members. Each group member UE could be pre-configured and pre-authorized by EPS to perform ProSe communication when out of E-UTRAN coverage. A Group Coordinator UE is a group member UE which is capable and could be pre-authorized by EPS to agree/reject the join of group members, to allocate resource for ProSe group communication within or beyond E-UTRAN coverage, and to start/initiate a public safety group communication whether or not ProSe discovery is used. 

When a set of group member UEs intend to form a ProSe group communication beyond E-UTRAN coverage, there may or may not involve a pre-authorized Group Coordinator. 
The communication area of a ProSe group communication consists of the transmission range of the ProSe-enabled group member UEs and the extended transmission range with the assistant of one or more Relays.

2.1.2 Synchronization

When public safety ProSe-enabled UEs are not served by E-UTRAN, source UEs and recipient UEs need to synchronize in radio level in order to perform group-based ProSe discovery or ProSe communication. UEs could utilize 3GPP specific reference signals (e.g., detected ProSe signals in the communication area) or global reference signals (e.g., GPS signals) for radio level synchronization. The synchronization period, for example, may accompany with every ProSe discovery or may occur every few resource contention cycles.  
ProSe-enabled UEs of public safety group members may adopt pre-configured resources for ProSe discovery and/or ProSe communication without network assistant. The pre-configuration information can be set to ProSe-enabled UEs during ProSe registration when UEs are within the coverage of E-UTRAN, or when UEs are registered as a ProSe-enabled group member of a communication group.
The following figure (Figure 1) shows an example of synchronization cycle arranged with ProSe discovery and ProSe group communication that can be realized in RAN. In Figure 1(a) the synchronization signals occur every ProSe discovery cycle, in Figure 1(b) the synchronization signals occur every few communication cycles.
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Figure 1. An example of radio resource allocated for radio level synchronization
2.2 Procedures

The scenarios of ProSe group communication beyond E-UTRAN coverage can be classified as in the following accordingly:

(1) Prose group communication with pre-authorized Group Coordinator UE
(a) with ProSe discovery
UE-A, UE-B, UE-C are group member UEs that are authorized to perform ProSe discovery and ProSe group communications without E-UTRAN service. UE-A is authorized as a Group Coordinator UE which can initiate ProSe group communication when out of E-UTRAN coverage. 

Without network assistance, UE-A, UE-B, UE-C may utilize pre-configured resource for ProSe discovery to discover and to be discovered by group members in the communication area. The ProSe discovery messages shall includes information for the recipient UEs to identify the communication group, the originating group member, and the group communication resource allocated by the group coordinator. UE-A, UE-B and UE-C shall synchronize in radio level to perform ProSe discovery process. 
UE-B and UE-C identify the group ID and verify UE-A as a Group Coordinator UE which is authorized to transmit ProSe group communication messages without ProSe discovery.

Before initiating ProSe group communication, UE-A allocates resource for ProSe group communication. UE-A may utilize pre-configured resource for ProSe group communication and send ProSe group communication messages over the resource. The resource for the ProSe group communication should be announced to group member UEs in the communication area (e.g., announced by ProSe discovery message). UE-B and UE-C can listen to the group communication.

UE-B and UE-C may send request to UE-A to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by UE-A. 

The high level procedure can be abstracted as shown in Figure 2:
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Figure 2. ProSe-based group communication with ProSe discovery

(b) without ProSe discovery
UE-A, UE-B, UE-C are group member UEs that are authorized to perform ProSe discovery and ProSe group communications without E-UTRAN service. UE-A is pre-authorized as a Group Coordinator UE which can initiate ProSe group communication when out of E-UTRAN coverage. UE-A may utilize pre-configured resource or perform resource allocation to prepare resource for ProSe group communication.
UE-A initiates ProSe group communication by originating ProSe group communication messages without ProSe discovery. The ProSe group communication messages shall includes information for the recipient UEs to identify the communication group, the originating group member, and the group communication resource allocated by the group coordinator.

UE-A, UE-B and UE-C shall synchronize in radio level to perform ProSe group communication. UE-B and UE-C detect the ProSe communication signal, identify the group ID and verify UE-A as a Group Coordinator UE from the ProSe communication messages. UE-B and UE-C can listen to the group communication.

UE-B and UE-C may send request to the Group Coordinator UE to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by the Group Coordinator UE. 

The high level procedure can be abstracted as shown in Figure 3:
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Figure 3. ProSe-based group communication without ProSe discovery

(2) ProSe group communication without pre-authorized Group Coordinator UE
(a) with ProSe discovery 

UE-B, UE-C and UE-D are ProSe-capable UEs of authorized group members of a public safety communication group. In the case UE-B, UE-C, UE-D are beyond E-UTRAN coverage but in proximity with each other. None of UE-B, UE-C, UE-D are Group Coordinator UE. 

UE-B, UE-C, UE-D may utilize pre-configured resource for ProSe discovery to discover and to be discovered by group members in the communication area. UE-B, UE-C and UE-D shall synchronize in radio level to perform ProSe discovery process. The ProSe discovery message shall include information for the recipient ProSe-enabled UEs to identify the communication group, and to identify and verify the originating group member. 

UE-B, UE-C and UE-D may select /elect a group coordinator of the ProSe communication group to allocate resource for the group communication in the communication area. A group coordinator selection / election procedure might be invoked via message exchanges or via the UE internal process if necessary. 

In this case UE-B is selected as a group coordinator of the Prose communication group in the communication area. UE-B should be responsible for allocating ProSe group communication resource. The allocated resource should be announced to other group member UEs (e.g., via ProSe discovery message or via a specific announce message). 

UE-C and UE-D can listen to the group communication.

UE-C and UE-D may send request to the Group Coordinator UE to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by the Group Coordinator UE. 

The high level procedure can be abstracted as shown in Figure 4: 
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Figure 4.  ProSe-based group communication with ProSe discovery

(b) without ProSe discovery
Editor's Note: It is FFS to initiate a ProSe group communication without ProSe discovery if no Group Coordinator UE involved. 

2.3 Impact on existing entities and interfaces
UE: 

-
Support of radio level synchronization beyond E-UTRAN coverage

-
Support of ProSe discovery and ProSe group communication beyond E-UTRAN coverage

-
Support of Group Coordinator UE selection/election procedure

-
Group Coordinator UE shall be able to allocate resource for ProSe group communications

PC5: 

-
Support of Group Coordinator UE selection/election procedure

-
Group Coordinator UE shall be able to announce the allocated resource for ProSe group communications

2.4
Solution evaluation

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

It is proposed to capture in TR 23.703 the following text. 

>>>Start Changes<<<<
6.2.x
Solution for ProSe group communication beyond E-UTRAN coverage 
6.2.x.1 Functional description

6.2.x.1.1 General
Group member UEs are UE of public safety group members. Each group member UE could be pre-configured and pre-authorized by EPS to perform ProSe communication when out of E-UTRAN coverage. A Group Coordinator UE (GCU) is a group member UE which is capable and could be pre-authorized by EPS to agree/reject the join of group members, to allocate resource for ProSe group communication within or beyond E-UTRAN coverage, and to start/initiate a public safety group communication whether or not ProSe discovery is used. 

When a set of group member UEs intend to form a ProSe group communication beyond E-UTRAN coverage, there may or may not involve a pre-authorized Group Coordinator. 

The communication area of a ProSe group communication consists of the transmission range of the ProSe-enabled group member UEs and the extended transmission range with the assistant of one or more Relays.

6.2.x.1.2 Synchronization

When public safety ProSe-enabled UEs are not served by E-UTRAN, source UEs and recipient UEs need to synchronize in radio level in order to perform group-based ProSe discovery or ProSe communication. UEs could utilize 3GPP specific reference signals (e.g., detected ProSe signals in the communication area) or global reference signals (e.g., GPS signals) for radio level synchronization. The synchronization period, for example, may accompany with every ProSe discovery or may occur every few resource contention cycles.  
ProSe-enabled UEs of public safety group members may adopt pre-configured resources for ProSe discovery and/or ProSe communication without network assistant. The pre-configuration information can be set to ProSe-enabled UEs during ProSe registration when UEs are within the coverage of E-UTRAN, or when UEs are registered as a ProSe-enabled group member of a communication group.
6.2.x.2 Procedures
The scenarios of ProSe group communication beyond E-UTRAN coverage can be classified as in the following accordingly.
6.2.x.2.1 Prose group communication with pre-authorized Group Coordinator UE with ProSe discovery
UE-A, UE-B, UE-C are group member UEs that are authorized to perform ProSe discovery and ProSe group communications without E-UTRAN service. UE-A is authorized as a Group Coordinator UE which can initiate ProSe group communication when out of E-UTRAN coverage. 

Without network assistance, UE-A, UE-B, UE-C may utilize pre-configured resource for ProSe discovery to discover and to be discovered by group members in the communication area. The ProSe discovery messages shall includes information for the recipient UEs to identify the communication group, the originating group member, and the group communication resource allocated by the group coordinator. UE-A, UE-B and UE-C shall synchronize in radio level to perform ProSe discovery process. 
UE-B and UE-C identify the group ID and verify UE-A as a Group Coordinator UE which is authorized to transmit ProSe group communication messages without ProSe discovery.

Before initiating ProSe group communication, UE-A allocates resource for ProSe group communication. UE-A may utilize pre-configured resource for ProSe group communication and send ProSe group communication messages over the resource. The resource for the ProSe group communication should be announced to group member UEs in the communication area (e.g., announced by ProSe discovery message). UE-B and UE-C can listen to the group communication.

UE-B and UE-C may send request to UE-A to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by UE-A. 

The high level procedure can be abstracted as shown in the following figure:
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Figure 6.2.x.2-1 ProSe-based group communication with ProSe discovery

6.2.x.2.2 Prose group communication with pre-authorized Group Coordinator UE without Prose discovery

UE-A, UE-B, UE-C are group member UEs that are authorized to perform ProSe discovery and ProSe group communications without E-UTRAN service. UE-A is pre-authorized as a Group Coordinator UE which can initiate ProSe group communication when out of E-UTRAN coverage. UE-A may utilize pre-configured resource or perform resource allocation to prepare resource for ProSe group communication.

UE-A initiates ProSe group communication by originating ProSe group communication messages without ProSe discovery. The ProSe group communication messages shall includes information for the recipient UEs to identify the communication group, the originating group member, and the group communication resource allocated by the group coordinator.

UE-A, UE-B and UE-C shall synchronize in radio level to perform ProSe group communication. UE-B and UE-C detect the ProSe communication signal, identify the group ID and verify UE-A as a Group Coordinator UE from the ProSe communication messages. UE-B and UE-C can listen to the group communication.

UE-B and UE-C may send request to the Group Coordinator UE to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by the Group Coordinator UE. 

The high level procedure can be abstracted as shown in the following figure:


[image: image6]
Figure 6.2.x.2-2
 ProSe-based group communication without ProSe discovery

6.2.x.2.3 ProSe group communication without pre-authorized Group Coordinator UE with ProSe discovery
UE-B, UE-C and UE-D are ProSe-capable UEs of authorized group members of a public safety communication group. In the case UE-B, UE-C, UE-D are beyond E-UTRAN coverage but in proximity with each other. None of UE-B, UE-C, UE-D are Group Coordinator UE. 

UE-B, UE-C, UE-D may utilize pre-configured resource for ProSe discovery to discover and to be discovered by group members in the communication area. UE-B, UE-C and UE-D shall synchronize in radio level to perform ProSe discovery process. The ProSe discovery message shall include information for the recipient ProSe-enabled UEs to identify the communication group, and to identify and verify the originating group member. 

UE-B, UE-C and UE-D may select /elect a group coordinator of the ProSe communication group to allocate resource for the group communication in the communication area. A group coordinator selection / election procedure might be invoked via message exchanges or via the UE internal process if necessary. 

In this case UE-B is selected as a group coordinator of the Prose communication group in the communication area. UE-B should be responsible for allocating ProSe group communication resource. The allocated resource should be announced to other group member UEs (e.g., via ProSe discovery message or via a specific announce message). 

UE-C and UE-D can listen to the group communication.

UE-C and UE-D may send request to the Group Coordinator UE to request for authority to transmit data for group communication. The request can be sent over the group communication resource allocated by the Group Coordinator UE. 

The high level procedure can be abstracted as shown in the following figure:

[image: image7]
Figure 6.2.x.2-3  ProSe-based group communication with ProSe discovery
6.2.x.2.4 ProSe group communication without pre-authorized Group Coordinator UE without ProSe discovery
Editor's Note: It is FFS to initiate a ProSe group communication without ProSe discovery if no Group Coordinator UE involved. 

6.2.x.3
Impact on existing entities and interfaces
UE: 

-
Support of radio level synchronization beyond E-UTRAN coverage

-
Support of ProSe discovery and ProSe group communication beyond E-UTRAN coverage

-
Support of Group Coordinator UE selection/election procedure

-
Group Coordinator UE shall be able to allocate resource for ProSe group communications

PC5: 

-
Support of Group Coordinator UE selection/election procedure

-
Group Coordinator UE shall be able to announce the allocated resource for ProSe group communications

6.2.x.4
Solution evaluation

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