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1   Introduction
In RAN#58 meeting, a new SI named “Study on LTE Device to Device Proximity Services” was agreed. This SI is lead by RAN1 and aims to evaluate the LTE device-to-device (D2D) proximity services as follows [1]. 
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


Among the objectives of this SI, the RAN3 relevant objectives are listed as follows:  
1) Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:
a) to enable proximal device discovery among devices under continuous network management and control, 
b) to enable direct communication connection establishment between devices under continuous network management and control,  
c) to allow service continuity to/from the macro network
In this contribution, the D2D scenarios and use cases are analyzed and the above objectives are investigated towards the D2D scenarios. The E-UTRAN architecture for D2D is presented. The potential impacts and problems to be studied are identified and a preliminary analysis is also given in this contribution.
2   Scope and scenarios
The proximity services which provide location aware applications to nearby users are fast growing recently. This trend is driving wireless operators to pursue the D2D function in their networks. D2D commonly refers to the technologies that enable the direct discovery/communication of a device (UE) to another device in proximity. The introduction of D2D in the cellular networks is expected to increase the resource utilization with higher data rates, improve the cellular network coverage and reduce the power consumption. 
3GPP has already identified valuable proximity services and studied the potential requirements in [2]. The identified areas include Public Safety and non Public Safety services that would be of interest to operators and users. Public safety services are generally utilized in disaster situations. It involves the D2D function in coverage (Scenario 1 as shown in Fig. 1) as well as out of coverage (Scenario 2 and Scenario 3 as shown in Fig. 1). Different from the Public safety, Non Public Safety refers to the proximity services for commercial or social usage. It only focuses on the Scenario 1 with UE under network coverage. The detailed descriptions of these three scenarios are listed below according to TR23.803: 
· Scenario 1: the D2D UEs are within the network coverage and could perform D2D direct discovery or communication under continuous network control. 
· Scenario 2: partial UEs are out of coverage. As shown in Fig. 1, UE3 is located within the network coverage whereas the UE4 is out of network coverage but within the transmission range of UE3. In this case, the UE3 could relay the communication between the UE4 and other UEs within network coverage. 
· Scenario 3: all the UEs are out of coverage and they could directly discover or communicate with each other without the infrastructure. 
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Fig.1 Typical D2D Scenarios
Different D2D use cases and corresponding features also have been defined in [2] for both public safety and non Public Safety scenarios. The D2D features could be divided into three categories: discovery, communication and service continuity. Among them, the service continuity denotes the switching of user traffic between D2D UE pairs from an infrastructure communication path to D2D communication path or vice versa without degradation of user experience. The D2D discovery is used to identify whether a UE is in proximity of another UE. It includes the direct discovery and network discovery as follows:
· Direct discovery: D2D UE discovers other D2D UEs in its vicinity by using only the capabilities of the two UEs with R12 E-UTRA technology [3];
· Network discovery: Network determines the proximity of two UEs and informs them of their proximity. It is also called the EPC level discovery.
According to [2], the D2D communication could be divided into five types: basic one to one, multiple one to one, group, broadcast and relay. 
· Basic one to one: UE initiates one-to-one direct user traffic session with another UE;
· Multiple one to one: UE concurrently maintains multiple one-to-one user traffic sessions with several other UEs;
· Group: one-to-many D2D communication, between two or more UEs in proximity;
· Broadcast: one-to-all D2D communication, between all authorized UEs in proximity;
· Relay: UE acts as a D2D communication relay between two other UEs or between other UE and the network.
Not all the D2D features are supported by the above listed D2D scenarios. Table 1 presents the feature categorization for different scenarios. As we can see, the D2D direct discovery and the basic one to one D2D communication shall be supported in all these scenarios for both public safety and non public safety services. The other features, such as Network discovery, the multiple one to one D2D communication, group, broadcast, relay and even the service continuity are only required in some scenarios or only public safety applicable. 
Observation1: D2D direct discovery and the basic one to one D2D communication shall be supported in all the scenarios for both public safety and non public safety services.
After the analysis of the potential D2D scenarios and feature categorization, we begin to investigate the RAN3 relevant objectives proposed by the LTE device-to-device (D2D) proximity services SI. As we can see, RAN3 is responsible for the identification and evaluation of the solutions or enhancements to the LTE RAN protocols within network coverage, such as the D2D discovery, D2D communication, and service continuity. The overlapping items of the two dimensions (Scenario and feature) are highlighted with yellow as shown in Table 1. Namely, the D2D direct discovery and basic one to one D2D communication within network coverage should be of high priority and is recommended to be studied firstly.
Table 1 Feature categorization for different D2D scenarios
	                            Features
Scenarios
	Discovery
	Communication
	Service continuity

	
	D2D direct
	Network
	basic one to one
	multiple one to one
	group
	broadcast
	relay
	path switch

	Non public safety
	Scenario1
	Y
	Y
	Y
	N
	N
	N
	N
	Y

	Public safety
	Scenario1
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	
	Scenario2
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	
	Scenario3
	Y
	N
	Y
	Y
	Y
	Y
	Y
	N


Note: Y means the scenario supports the feature; N means the scenario does not support this feature.
Proposal1: The D2D direct discovery and basic one to one D2D communication within network coverage should be of high priority and are recommended to be studied firstly.
3   E-UTRAN Architecture for D2D
The introduction of D2D impacts the E-UTRAN architecture. In this section, we will discuss the architecture for D2D based on the study of SA2. Fig. 2 presents the reference E-UTRAN architecture for D2D. ProSe Function is proposed to facilitate the D2D management, such as registration, authorization and ID management, towards the ProSe APP server, towards the EPC and UE [3]. ProSe function could act as separate EPC network element or merged with the MME. The reference point between EPC and ProSe Function is PC4. The eNB terminates the radio protocols of the E-UTRA radio interface (Uu), and the S1 and X2 interface. When it comes to the D2D, all these interfaces (Uu, S1 and X2) shall be modified and provide the corresponding enhancements necessary for the network controlled D2D function. In addition to the ProSe function, a new reference point PC5 is proposed between UE to UE, which is used for control and user plane for discovery and communication, for relay and one-to-one communication ( between UEs directly and between UEs over Uu) [3].
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Fig. 2 Reference E-UTRAN architecture for D2D
The eNB may host the following functions for D2D:
· Functions for D2D Radio Resource Management: radio admission control, resource allocation to D2D UE for discovery and communication, D2D bearer control, D2D UE mobility control (path switch and handover);
· Scheduling and transmission of D2D relevant broadcast information;
· D2D discovery and communication measurement and measurement reporting configuration;
· Optional scheduling and transmission of D2D UE paging messages;
· Optional D2D ID allocation and mapping with ProSe ID.
NOTE: The optional functions in eNB may be hosted by other network element, e.g., UE or MME.
The UE may host the following functions for D2D:
· Optional functions for D2D Radio Resource Management: D2D bearer control, resource allocation to D2D UE for communication; 
· IP header compression and encryption of user data stream;
· Transmission and reception of D2D direct discovery broadcast information; 
· D2D discovery and communication measurement and measurement reporting.
NOTE: The optional functions in UE may be hosted by other network element, e.g., eNB.
4   Potential aspects to be studied
In this section, we will briefly discuss the potential aspects to be studied for D2D function. Based on the scenario analysis in Section 1, here we will focus on the D2D scenario within network coverage. 
D2D discovery
The D2D direct discovery requires the D2D UE to be able to discover other D2D UE in its vicinity by using direct UE-to-UE signalling with E-UTRA technology [3]. In order to support this, the following issues need to be studied:
· Discovery procedure: Discovery signaling denotes the discovery message exchanged directly between the UE pairs as well as the legacy RRC/X2/S1 message that should be enhanced for the D2D discovery. The necessary information for the D2D discovery should be carefully investigated. 
· Discovery resource: Discovery resource denotes the radio resource used for carrying out the discovery message between UEs. There should be at least one UE (announcing UE) sending discovery signaling and the other UE receiving discovery signaling on the air interface, so both two UEs should be able to determine the radio resource which can be used for transmit or receive. How to allocate discovery signaling radio resource and how to inform UEs about the resource allocation should be studied by RAN2. Not only the intra-eNB discovery resource allocation but also the inter-eNB discovery resource negotiation deserves consideration. 
· D2D ID: Although various ProSe IDs are proposed in SA2 to identify the D2D UE, the size of these IDs is long and may not suitable for direct air interface exchange. From RAN2 perspective, small size of D2D ID used for air interface should be preferred to achieve more effective radio resource utilization. So the UE identity used for discovery should be further studied.
· UE RRC state: In order to maximize the applicability and scenarios of D2D direct discovery, it is required that there is no restriction on the UE RRC state for supporting D2D direct discovery. So it is required to study whether addition function is required for IDLE UE to complete the whole discovery procedure.
· Power consumption: D2D discovery is power consuming which involves the periodical discovery signal sending and receiving. Even if the neighbor D2D UE is discovered, it may still require the continuous sending and receiving of discovery signaling to maintain the updated D2D UE discovery relation. So power efficient D2D discovery mechanism should be studied and it should also be aligned with the current LTE power saving mechanism (e.g. DRX). 
Proposal 2: The key issues for supporting D2D discovery should be investigated and the impact on X2/S1 interface should be studied by RAN3.
D2D communication
In this subsection, the scope of D2D communication is confined to the basic one to one direct communication between D2D UE pairs that are in proximity. The key issues for the D2D communication are listed as follows:
· D2D bearer: The D2D bearer logically connects two UEs as shown by the dashed arrows in Fig 3. It can reuse most of the features of EPS bearer, such as bearer level QoS control, UM/AM data transfer and so on. However, the D2D bearer is dedicated for a given D2D UE pairs. It is not clear whether the total number of supported D2D per UE should meet the same maximal 8 DRBs constraint as in Uu interface. Moreover, the data path for D2D communication only goes through the radio bearer which is equivalent to the DRB of EPS bearer. As we know, the EPS bearer consists of the DRB, S1 bearer and S5 bearer. Whether the S1 bearer and S5 bearer shall be established for D2D bearer needs further study.
· Connection setup: In order to setup the D2D communication, the configuration mechanism for the D2D bearer setup, modify and release should be studied. Along with the basic D2D bearer setup procedure, the UE measurement, peer UE paging and capability negotiation are indispensable part for connection setup and need further study. The UE measurement of the D2D UE channel condition is used for the determination of whether the D2D communication is appropriate for UE. Also it is necessary for selecting an appropriate MCS to use as well as determining whether the communication path switch procedure should be triggered. The peer UE paging tries to find the cell that the peer UE is located. Since the D2D UE pairs may be served by different eNBs, the serving eNB of the peer UE should be determined for the subsequent capability negotiation. There is no legacy mechanism for the peer UE paging and it needs to be studied. D2D bearer configuration needs the intra-eNB and even inter-eNB 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. Moreover, the QoS and the encryption/decryption for the D2D direct communication needs to be taken into account. 
· D2D communication resource allocation: D2D communication resource denotes the radio resource used for carrying out user traffic between UEs. The network can either dynamically assign resources to each D2D pairs for communications in the same way as a normal cellular connection or semi-statically assign a dedicated resource pool to all D2D connections. These possible approaches for the D2D communication radio resource allocation should be investigated and their influence to the air interface signaling should be studied. Not only the resource allocation, but also the resource negotiation and scheduling info delivery should be studied to support the intra-eNB and even inter-eNB D2D communication. 
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Fig. 3 Illustration of the D2D bearer and EPS bearer
Fig. 4 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 tries 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 reconfiguration are ready, the eNB may activate the D2D bearer and finally UE starts the D2D communication. 
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Fig. 4 An example D2D connection setup procedure
Proposal3: The key issues for D2D communication, such as D2D bearer, D2D connection setup procedure and the D2D communication resource allocation, should be identified and the impact on RAN3 should be investigated.
Service continuity
Service continuity denotes the procedure of switching user traffic between an infrastructure path and a D2D communication path of the D2D UEs. The service degradation should be minimised during the path switch procedure. The key issues for the communication path switching are listed as follows:
· Path switch decision: No matter the communication path is switched from infrastructure to D2D or vice versa, the UE and network should monitor the proximity of the neighboring UE and the link condition between them. This could be achieved through the measurement configuration of eNB and the measurement report of UE. The communication path switch should not interfere with other ongoing communications and the overall throughput should be guaranteed. Once the criterion for path switch is satisfied, the UE or network may make the path switch decision.
· Path switch negotiation: The path switch requires the resource negotiation and admission control for the traffic flow to be switched to the new path. To support the inter-eNB D2D communication path switch, the serving eNB of peer UE should be determined for the inter-eNB negotiation. The inter-eNB negotiation may concern with the D2D capability, QoS of the traffic flow and the resource allocation for the D2D communication. 
· Path switch execution: It concerns with the traffic flow switching according to the new TFT. The lossless forwarding of the traffic between the EPS bearer and D2D bearer should be considered. 
Proposal4: The inter-eNB path switch negotiation should be considered by RAN3 for service continuity. 
5   Conclusion
In this contribution, the D2D scenarios and use cases are analyzed and the above objectives are investigated towards the D2D scenarios. The E-UTRAN architecture for D2D and the user plane and control plane protocol stack for UE to UE interface are presented. The potential impacts and problems to be studied are identified and a preliminary analysis is also given in this contribution. Several observation and proposals have been outlined below for further study.
Observation1: D2D direct discovery and the basic one to one D2D communication shall be supported in all the scenarios for both public safety and non public safety services.
Proposal1: The D2D direct discovery and basic one to one D2D communication within network coverage should be of high priority and are recommended to be studied first.
Proposal 2: The key issues for supporting D2D discovery should be investigated and the impact on X2/S1 interface should be studied by RAN3.
Proposal3: The key issues for D2D communication, such as D2D bearer, D2D connection setup procedure and the D2D communication resource allocation, should be identified and the impact on RAN3 should be investigated.
Proposal4: The inter-eNB path switch negotiation should be considered by RAN3 for service continuity. 
6   Reference
[1] RP-122009, SI proposal: Study on LTE Device to Device Proximity Services, RAN#58, Barcelona, Spain, December 4 - 7, 2012, Qualcomm.
[2] 3GPP TR 22.803 V12.2.0, 3GPP Technical Specification Group Services and System Aspects Feasibility study for Proximity Services (ProSe).
[3] 3GPP TR 23.703 V0.5.0, 3GPP Technical Specification Group Services and System Aspects Study on architecture enhancements to support Proximity Services (ProSe) .
[4] 3GPP TS 36.300 V11.6.0, 3GPP Technical Specification Group Radio Access Network E-UTRA and E-UTRAN overall description Stage 2.
3GPP


_1437571607.vsd
�

�


_1437571608.vsd
�

�

SGW


PGW



_1437571609.vsd
UE1


UE2


eNB1


eNB2


2. paging UE2 to determine the serving eNB of UE2


3. D2D communication capability negotiation


4. D2D connection reconfig


4. D2D connection reconfig


5. D2D connection reconfig complete


5. D2D connection reconfig complete


6 peer UE D2D connection reconfig complete


1. D2D measurement report or D2D connection setup request (UE2)


7. D2D connection activate


7. D2D connection activate


    D2D communication



_1437571606.vsd
�

�


