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1
Introduction
In the 3GPP RAN #58 meeting, the “Study on LTE Device to Device Proximity” was approved [1]. It is targeted to study how 3GPP systems can enable new proximity based applications and services. In this document, D2D communication is discussed for various scenarios.
2
Discussion
D2D communication is the mechanism allowing LTE-D capable UEs to directly communicate to each other with and without NW support. Based on the SA2 study [2], the following aspects need to be considered for the D2D communication:

· One-to-many communications
· Broadcast Communication
· Multicast  Communication

· One-to one Communication 
· Network independent one-to-one communication mode
· Network authorized one-to one communication mode
· Relays

· UE-to-UE

· UE-to-NW
Additionally, following scenarios should be considered for D2D communication:

· In E-UTRAN coverage
· Out of E-UTRAN coverage 

· Partial E-UTRAN coverage 
For the one-to-many communications, relays, out of network, and partial network cases, only public safety applications needs to be considered.

SA2 has identified solutions for D2D communication for one-to-many, one-to-one and relay [2]. The air interface between D2D UEs is called as PC5. Simplified exemplary solutions for these aspects are presented below to illustrate the areas that RAN2 needs to study in order to support the work done by SA2 for PC5 interface. 
2.1 LTE Direct Communication (one-to-many)

As captured in one of the alternative solutions for one-to-one communication in SA2 TR 23.703 [2]:
One-to-many communication includes both broadcast and multicast modes of operation. Generally, the direct one-to-many communication is initiated in network independent manner among the UEs in the proximity with resources provisioned by DPF or RAN when the UE is "in coverage". DPF can provide certain other configurations such as authorisation for communication, security credentials etc. However configurations provided by DPF are out of RAN2 scope. 
The following steps occur before the direct one-to-many communication among UEs can commence over IP [2]:

1. Group Configuration. This may involve setting up groups (e.g., talk-groups for public safety voice communication) with a common group identifier. Part of this configuration may involve authorizing UEs to participate in one-to-many ProSe communication,  provisioning security credentials for one-to-many ProSe communication sessions, provisioning individual IP address for the UE, priority for the groups handling and an IP multicast address for the groups where the UE has the group membership. 

2. Optional Discovery phase: the originating UE discovers the UEs which has the same group membership or wake them up if necessary
3.
Direct communication phase (one-to-many): the originating UE is initiating and starting direct one-to-many communication (over IP) with the terminating UEs.
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Figure 1: Direct One-to-Many Communication procedure [2]
When performing direct one-to-many communication, the group is identified by a Direct Group Identifier (DGI). It is assumed that group memberships are all pre-configured according to the application layer group. Once the DGI is configured, it can be used to identify particular radio resources used by this group.
In order to optimize the power consumption at the receiving end, a "group session announcement procedure" is envisaged to be used so as to allow a power-efficient way to keep the group "alive" during the ProSe one-to-many communication session. The announcement needs to be invoked periodically or occasionally when new traffic is initiated by an originating UE. When there is no more data transmission activity, the session announcement message stops, this may happen after some configurable time of inactivity in order to cover cases of "bursty traffic" and minimize signalling. This can either be achieved by sending an explicit "stop" announcement of by just terminating the earlier transmitted announcement. 

By monitoring "group session announcements", the receiving UEs could avoid being "always on" in the receiving mode, and save power when there is no likelihood of participation. 
Direction of study in RAN2:
· Procedure for sending/receiving group session announcement
· Content of the group session announcement message
· Protocol layer used for formation of group session announcement message
· Procedure to select resource for group session announcement 

· Broadcast of the IP packet over the air 

· Termination of the session

· Power saving while in communication (efficient procedure of session announcement)
Proposal 1: Study of procedures and protocol enhancements for one-to-many communication.
2.2 Unicast (One-to-One Communication)
There are two different modes of direct one-to-one communication defined in [2]:
1. Network independent mode. 

2. Network authorized mode. 
As captured in one of the alternative solutions for one-to-one communication in SA2 TR 23.703 [2]:
The different phases that occur below before the direct IP communication between two UEs can commence are the following [2]:

1. 
Discovery phase: the originating UE has discovered the UE that is interested to initiate communication to.  This may not be needed for PS scenario.
2.
Network assistance for Direct connection establishment: This step is only applicable for network authorised mode. The originating and terminating UEs exchange signalling with the network before they establish a direct connection. This may involve obtaining authorisation for using ProSe Direct Communication and obtaining direct communication parameters such as security keys etc. 

3.
Direct connectivity phase: the originating UE initiates the process to setup the direct connection. This involves exchanging RRC and NAS signalling to convey information like IP addresses, QoS parameters, etc. Session keys are also being setup at this phase. 

4. 
Direct communication phase: the originating UE is initiating direct communication (over IP) with the terminating UE. This involves any form of "over IP" signalling as/if required e.g. SIP to setup a VoIP session.
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Figure 2: Example of Network Independent Direct Connection Establishment procedure [2]

Figure 2 above shows an example of direct one-to-one communication for network independent mode procedure as documented in SA2 TR 23.703 [2]. However for network authorised mode there is one more step of NW authorisation before direct alert/resp step as mentioned above.
In general in order to support D2D communication; resources for D2D communication and WAN communication should be different. These resources can be signaled to the UE using different methods in each case:

· 
In case of E-UTRAN coverage network independent mode, the NW allocates resources for D2D communication, and information of these allocated resources is broadcasted by the NW in new SIB message. The NW can control the resource size used for communication. The NW can also decide using implementation specific triggers, when to change the allocated resources for D2D, and this can be conveyed to UEs as part of the SIB modification mechanism. 
In case of E-UTRAN coverage network authorized mode the NW dynamically allocates resources for D2D communication for every D2D connection. 
In case of out of E-UTRAN coverage, the information related to resources used for communication can be pre-configured in the UE. It is expected that the allocated resources are semi-static in nature, and will not change frequently. 
Proposal 2: A SIB message can be used for network independent mode to signal the resources used for D2D communications while in E-UTRAN coverage. In case of out of E-UTRAN coverage, resource information is pre-configured in UE.
Proposal 3: NW dynamically allocates resources for D2D communication for every D2D connection in case of E-UTRAN coverage network authorized mode.
Direction of study in RAN2:
· Discovery of UE for communication (based on service/application interest)

· Direct connection setup, connection maintenance, connection termination

· Connection, session identifier

· Radio bearer setup

· Allocation and broadcast of allocated radio resources

· Resource allocation procedure for communication in case of NW authorized mode

· Selection of radio resources

· Power saving while in communication (paging to the UE)

Proposal 4: Study of connection setup, protocol enhancement for one-to-one communication.
2.3 Relay
Relay functionality is considered for public safety UEs. In this case an out of E-UTRAN coverage UE communicate with E-UTRAN through another D2D UE acting as relay. Similarly if a public safety D2D UE is not able to communicate with a UE because of large distance; it can still perform communication with targeted UE if it can find another UE capable of relay functionality. 
As captured in one of the alternative solutions for one-to-one communication in SA2 TR 23.703 [2]:
 ProSe UE-to-Network provides the functionality to provide connectivity for both "unicast" and "multicast/broadcast"  services to out of network UEs. The ProSe UE-to-Network Relay needs to relay the traffic in the UL and DL between a UE that connects to the relay and the network. This traffic (from the network side) can be both unicast and broadcast (only in the downlink). 
The ProSe UE-to-Network Relay for unicast traffic needs to relay the unicast traffic that is sent/received over/from the PC5 interface to/from the network (i.e. via Uu to eNB and further). In this respect for unicast traffic the UE connecting to the ProSe UE-to-Network Relay can be considered a tethered device and the ProSe UE-to-Network Relay can act as "IP router" to this UE. Figure 3 depicts ProSe UE-to-Network Relay acting as “IP router.
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Figure 3: ProSe UE-to-Network basic "stack" (unicast support) [3]
As part of TR 23.768 it is already proposed in a number of solutions that eMBMS will be used to serve the downlink traffic for group communication and can be consider as another option for the DL broadcast relayed on the PC5 interface. Figure 4 depicts the option of relaying DL broadcast on the PC5 interface.
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Figure 4: ProSe UE-to-Network basic "stack" (broadcast on downlink support) [3]
More details of message sequence can be found in [2] as relay solution R11 (sec. 6.3.11). 
Direction of study in RAN2:

· Discovery of D2D relay

· Signalling between UE and ProSe UE-to-Network Relay to indicate interest of the UE in certain eMBMS services over PC5. (For broadcast on downlink option mentioned above)

· Unicast transport in UL when broadcast is used for DL between UE and UE-to-Network relay
· Similar issues of PC5 interface as mentioned above for one-to-one or one-to-many communication
Proposal 5: Study of procedures related to relay operation.
4
Conclusion 

In this contribution D2D communications in various scenarios are discussed and possible direction of RAN2 study is proposed:

Proposal 1: Study of procedures and protocol enhancements for one-to-many communication.
Proposal 2: A SIB message can be used for network independent mode to signal the resources used for D2D communications while in E-UTRAN coverage. In case of out of E-UTRAN coverage, resource information is pre-configured in UE.
Proposal 3: NW dynamically allocates resources for D2D communication for every D2D connection in case of E-UTRAN coverage network authorized mode.
Proposal 4: Study of connection setup, protocol enhancement for one-to-one communication.
Proposal 5: Study of procedures related to relay operation.
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