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Introduction
Device-to-device (D2D) communication commonly refers to the technologies that enable devices to device communicate directly without an infrastructure of access points or base stations. Different from traditional D2D communication technologies, such as Bluetooth and WiFi-direct, the D2D communication within a 3GPP LTE-A cellular network may be controlled by the network to provide better user experience. According to [1], the objective of RAN2 is to study how to enable direct communication connection establishment between devices under continuous network management and control. Moreover, the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage need to be studied.
In this contribution, the D2D direct communication scenarios are presented. The candidate solutions for D2D communication proposed by SA2 are listed and the potential impacts to RAN are identified. The key issues for supporting the D2D direct communication are analyzed. The preliminary analysis of the changes and enhancements to the LTE RAN protocols are also discussed in this contribution. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]D2D communication scenarios
According to [2], D2D communication for both the in and out of coverage scenario are possible. The out of coverage is illustrated in Fig. 1(a). The partial coverage as shown in Fig. 1(b) is a special case for out of coverage scenario where only one UE is out of coverage. The within network coverage scenario can be further divided into the intra-eNB and inter-eNB cases. As shown in Fig. 1(c), UE1 and UE2 are served by the same eNB and they communicate with each other through direct D2D link. When cell-edge UEs in proximity are served by different eNBs, the inter-eNB D2D communication could be initiated as shown in Fig. 1(d). 


Fig. 1 D2D direct communication scenarios
Regarding to the network control, the one-to-one direct communication support two different modes [3]: network independent direct communication and network authorized direct communication. The network independent direct communication does not require any network assistance to authorize the connection and communication is performed by using only functionality and information local to the UE. This mode is applicable only to pre-authorised Public Safety UEs. Network authorized direct communication requires network assistance. At least one of the D2D should be within the network coverage. 
Before starting the D2D discussion in RAN, we’d better first understand the work other working group have done. SA2 has identified six solutions for the D2D communication. The corresponding scenario, feature, communication mode, brief description and the impacts to RAN2 for these solutions are categorized in Table 1. As we can see, in order to support the D2D one to one communication, the impacts to RAN2 consist of the the direct radio bearer, connection setup procedure and resource allocation. If the D2D group communication is to be supported, the mechanism for group formation, collision detection, group session announcement also need to be considered by RAN2.
Table 1 SA2 candidate solutions for D2D communication
	Solution No.
	Scenario
	Feature
	Mode for Direct Communication
	Description
	Impacts to RAN2

	C1
	In or out of coverage
	Group or one to one
	Network independent
	All traffic exchanged within group is forwarded via the elected group owner. 
	No impact on existing RAN. Require new mechanism for group formation and design new layer-2 frames for communication.

	C2
	In or out of coverage
	Group or one to one
	Network authorized or independent
	D2D direct communication point to point with authorization based on Group ID and ProSe ID
	Direct link setup procedure, resource allocation

	C3
	In or out of coverage
	One to one 
	Network independent
	Include the direct connectivity (direct alert and setup connection) and direct communication phase
	connection setup procedure,  resource allocation, direct radio bearer

	C4
	In coverage
	One to one
	Network authorized
	Compared to C3, add the network assistance for direct connection establishment phase before the direct connectivity
	connection setup and release procedure, resource allocation, direct radio bearer

	C5
	In or out of coverage
	Group
	Network independent
	Ad hoc communication used when no group owner available.
	No impact on existing RAN. Require collision detection for multicast transmission and design new layer-2 frames.

	C6
	In or out of coverage
	Group or broadcast
	Network independent
	Add group session announcement phase for power optimization before the one to many communication
	Resource allocation, group session announcement, direct one to many bearer


Key issues to be studied
In this section, we discuss the key issues for D2D one to one communication as summarized in Section 2, such as the D2D bearer, the connection setup procedure and D2D communication resource allocation. The preliminary analysis of the changes and enhancements to the LTE RAN protocols are also presented.
D2D bearer
As we know, the EPS bearer uniquely identifies traffic flows that receive a common QoS treatment between UE and PGW [4]. It consists of the radio bearer (DRB), S1 bearer and S5 bearer. As shown by the solid arrows in Fig. 2, UE1 and UE2 may establish the EPS bearer 1 and EPS bearer 2 respectively for the infrastructure communication. The D2D bearer is logically located between D2D UE pairs. It can reuse most of the features of EPS bearer, such as bearer level QoS control, UM/AM data transfer and so on.


Fig. 2 Illustration of the D2D bearer and EPS bearer
However, D2D bearer is different from the EPS bearer in three aspects. Firstly, the EPS bearer for a specific UE could carry a number of traffic flows destined to many other UEs, but the D2D bearer is dedicated for a given D2D UE pair. It is not clear whether the total number of supported D2D bearers per UE should meet the same maximal 8 DRBs constraint as in Uu interface. Secondly, the data path for D2D communication only go through the radio bearer which is equivalent to the DRB of EPS bearer as shown by the dashed arrow in Fig. 2. Whether the S1 bearer and S5 bearer shall be established for D2D bearer needs further study. Finally, the EPS bearer is generally associated with a TFT which is used by the UE/PGW mapping traffic to an EPS bearer in the uplink/downlink direction. When it comes to the D2D bearer, how should the TFT associated with D2D bearer be determined and distributed should be studied. 
Proposal 1: The characteristics of the D2D bearer should be investigated and studied. 
Connection setup procedure
The connection setup procedure is used for the establishment of direct communication connection between D2D UEs. Along with the basic D2D bearer setup procedure, the UE measurement, peer UE paging and the capability negotiation are indispensable parts for the direct D2D communication. An example D2D connection setup procedure including the aforementioned steps is as shown in Fig. 3 for the within network coverage scenario. We will discuss these steps one by one.


Fig. 3 An example D2D connection setup procedure
· UE measurement: Before the one to one D2D direct communication is setup, the D2D UE pairs should first have knowledge of the channel condition between them. For the in coverage scenario, E-UTRAN may configure D2D UE for proximity discovery and/or communication measurements. The UE provide the network with proximity UE measurement reports to enable the eNB to decide whether the D2D communication is appropriate for UE. The measurement of the discovery message could also give some hints about the channel condition and should be fully utilized for the D2D communication purpose. For the out of coverage scenario, the UE measurement info may be obtained from the discovery process or from the connection negotiation and reconfiguration process. After the D2D direct communication is setup, the D2D measurement is necessary for selecting an appropriate MCS to use for D2D communication and triggering the communication path switch procedure in case poor D2D link condition is detected (in coverage only). If radio link failure happens for the in coverage scenario, E-UTRAN provides the connection re-establishment procedure for UE to resume the operation. Whether the re-establishment should be supported in case of D2D radio link failure needs further study. To summarize, the difference between D2D measurement and legacy LTE measurement should be evaluated and the measurement configuration mechanism for D2D communication should be studied for in and out of coverage scenario.
· Peer UE paging: For the out of coverage scenario, the direct alert proposed in Solution C3 [3] may be used to locate the peer UE for the subsequent capability negotiation. However, for the in coverage scenario, since the D2D UE pairs may be served by different eNBs, the serving eNB of the peer UE should be determined first. This step tries to find the cell that the peer UE is located in, so in this sense it is similar to the LTE paging. However, LTE paging is triggered by the user plane traffic where the SGW temporarily buffers downlink data for idle UE and initiate the MME to distribute paging messages whereas the D2D peer UE paging is triggered by D2D UE through control plane signaling. Another characteristic of the D2D peer UE paging is that the serving eNB of peer UE is more likely to be the same or neighboring eNB with which the serving eNB of the initiating UE has X2 interface. So the D2D peer UE paging may be performed within the neighboring area instead of the tracking area as in LTE paging. The detailed solution for the peer UE paging and need to be studied. 
· Capability negotiation: Different from the EPS bearer, the D2D bearer concerns with two D2D UEs. D2D bearer configuration needs the direct negotiation between UEs (for out of coverage scenario) or through the intra-eNB and even inter-eNB (for in coverage scenario) capability negotiation of the two UEs. For example, the security capability, the UE radio capability may be negotiated and the specific configuration may be selected based on their common capability. On the other hand, the capability for D2D communication needs to be authorized. The radio resource that could be utilized for the D2D communication should also be negotiated if necessary. 
· D2D connection setup: In fact, not only the D2D connection setup, but also the connection modification and release procedure and the signaling exchanged should be carefully designed. For the network controlled D2D connection setup as an example, it involves with two separate connection re-configuration process for UE1 and UE2 respectively. If only one UE finish the configuration while the other one not, the D2D traffic transmission may be failed. So it is necessary to consider when the configuration takes effect. 
Fig. 3 presents a network controlled inter-eNB D2D connection setup procedure. When UE1 wants to initiate the D2D communication with the UE2, it sends the measurement report or D2D connection setup request carrying the D2D ID of UE2 to its serving eNB1. Upon receiving this request, the eNB1 first try to find if D2D UE2 is within its coverage. If not, the eNB1 may invoke the peer UE paging process to find the serving eNB of UE2. If the UE2 is in idle state, the paging may lead to the UE transfer to RRC connected state. Once the serving eNB of D2D UE is determined, the D2D communication capability may be negotiated between eNB1 and eNB2. If the negotiation is successful, eNB1 and eNB2 shall initiate the D2D connection reconfiguration procedure. If both of the UE’s D2D connection reconfigurations are ready, the UE may start the D2D communication. 
Proposal 2: UE measurements, peer UE paging, capability negotiation, as well as the D2D connection setup/modification/release procedure should be further studied. 
Resource allocation
The D2D connections share the cellular licensed band with the normal cellular connections. For the out of coverage scenario, the resources (e.g. frequency bands) that the UE would use for direct communication may be pre-provisioned to UE. For the in coverage scenario, the network can either dynamically assign resources to each D2D pair for communication in the same way as a normal cellular connection or semi-statically assign a dedicated resource pool to all D2D connections. If the group owner (GO) is elected in the out of coverage scenario, the GO could act as the eNB for the resource allocation. The possible approaches for the D2D communication radio resource allocation can be divided into three categories: centralized, distributed and semi-centralized [5]. 
· Centralized allocation: eNB/GO collects the up to date channel quality measurements, scheduling requests and D2D buffer status reports, and dynamically adjust the resource allocation for D2D direct communication. The eNB/GO could also collect the CQI info and set the MCS and power control parameters. The time scale of the centralized approach is similar to the eNB’s resource scheduling of cellular communication. This approach is suitable for the intra-cell D2D communication or out of coverage scenario with GO where the resource allocation can fully leverage the network capability and reduce the interference between D2D and cellular communication. However, it is not efficient for the inter-cell D2D communication due to the tight synchronization requirements between cells and longer delay for the inter-eNB signaling exchange.  
· Distributed allocation: D2D UEs pairs autonomously negotiate the radio resources, MCS and power control parameters, etc. Here eNB/GO does not care about the resource for D2D communication. Distributed scheduling minimize the control overhead of eNB/GO and alleviate the burden of network. However, each individual D2D UE does not have the whole picture of other UE’s channel state as the eNB/GO; this may lead to the degraded resource utilization and interference management.
· Semi-centralized allocation: UE may partially control the D2D transmission with assistance from eNB/GO. In the semi-centralized allocation, eNB/GO can periodically allocate the resource pools for D2D communications. This control would be semi-static. Then the D2D UEs pairs can negotiate detailed PRBs, MCS, etc. within the resources semi-statically assigned by the eNB/GO. When the D2D communications become less efficient, or interfere too much with cellular communications, eNB/GO can intervene with the D2D communications and help to restore the normal operation. Once it is restored, eNB/GO can retreat from the actual D2D communications and let D2D UEs to decide on the short-term control signaling for transmission.
Proposal 3: The impact of different D2D resource allocation approaches on RAN2 should be identified and evaluated.  
Conclusion
In this contribution, the D2D direct communication scenarios are presented. The candidate solutions for D2D communication proposed by SA2 are listed and the potential impacts to RAN are identified. The key issues for supporting the D2D direct communication are analyzed. The preliminary analysis of the changes and enhancements to the LTE RAN protocols are also discussed in this contribution. Several observation and proposal have been outlined below for further study.
Proposal 1: The characteristics of the D2D bearer should be investigated and studied. 
Proposal 2: UE measurements, peer UE paging, capability negotiation, as well as the D2D connection setup/modification/release procedure should be further studied. 
Proposal 3: The impact of different D2D resource allocation approaches on RAN2 should be identified and evaluated.  
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