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1 Introduction

In order to meet increasing interest on proximity-based service, a study item on LTE device to device (D2D) proximity services (ProSe) has been approved in RAN#58 plenary [1] and currently RAN1 has been discussing about the evaluation methodology and channel models. In the SID, there are RAN2 related objectives as follows.    
3) 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
7) For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

Furthermore, in RAN #60 meeting, the following was endorsed for D2D communication [2]. 

The study on D2D Communication focuses on broadcast D2D communication for the public safety use case, on the understanding that that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication (note also that for the sake of avoiding misunderstandings between TSGs, it is also understood that group communication is supported by the L1 broadcast D2D communication); 

Based on RAN plenary decision, we will focus on broadcast/groupcast communication in this document for D2D communication. 
2 Summary of SA2 work and RAN1 work
SA2 has been working on D2D discovery and communication under the name ProSe (Proximity Services) to meet stage-1 requirements defined in TS22.278 [3] and key issues and possible solutions for 3GPP architecture enhancements to support ProSe are captured in TR 23.703[4].  

The following is a summary of stage-1 requirements related to ProSe one-to-many communication (i.e. ProSe Group Communication and ProSe Broadcast Communication) from TS22.278[3]: 
· ProSe one-to-many communications are applicable to both in and out of network coverage and are specific to Public Safety UEs.  

· In group communication, the UE transmits data to a group of UEs, while in broadcast communication, the UE sends data to all public safety UEs that are in proximity regardless of group membership. 

· Service continuity between infrastructure path and direct path is not required for broadcast/groupcast communication. 

· ProSe communication can start without the use of ProSe discovery if the Public Safety ProSe-enabled UEs are in ProSe communication range. Any of the involved Public Safety ProSe-enabled UEs need to have authorisation from the operator.
· ProSe communication can be used for ProSe UE-to-Network relay or ProSe UE-to-UE relay.
· The operator shall be able to dynamically control the proximity criteria.

· The impact of ProSe Communication on EUTRA radio usage, network usage and battery consumption should be minimized. 

· The system shall be capable of monitoring communication characteristics (e.g. channel condition, QoS of the path, volume of traffic etc.) on the ProSe E-UTRA Communication path, regardless of whether there is an existing data session on the EPS path.
· The establishment of a user traffic session on the ProSe E-UTRA Communication path and the switching of user traffic between a ProSe E-UTRA Communication path and an EPC Path are under control of the network.
· The Radio Access Network shall control the radio resources associated with the ProSe E-UTRA Communication path.
· Subject to operator policy and user consent, the system shall be capable of concurrently establishing a new user traffic session with a ProSe E-UTRA Communication path, and maintaining both of the ProSe E-UTRA Communication path and the existing EPC Path, when the UEs are determined to be in Communication Range allowing ProSe E-UTRA Communication.
In TR 23.703[4], several solutions are described for one-to-many communication and it can be categorized into ad-hoc mode and group owner mode from the architectural point of view.  
· Ad hoc mode: Figure 1(a) shows the architecture of ad hoc mode. All member UEs in the group have equal priority, which basically implies that any member UE can send data. Therefore, collision resolution mechanism should be considered. When the UE sends traffic to a group of other UEs, the transmitting UE can use a group ID. In case of broadcast, no group formation is required.  Confidentiality and data integrity is enabled via security keys configured in each UE.   
· Group owner mode: Figure 1(b) shows the architecture of Group Owner mode. One of the UEs in a ProSe Group plays the role of the “Group Owner” (GO) with the functionality of group formation and operation. The GO is within the transmission range of all ProSe Group members, however, other members do not need to be within transmission range of each other. The GO may act as a synchronization source to all group member UEs. All traffic exchanged within the ProSe Group is forwarded via the GO. 
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Figure 1: one-to-many communication
In RAN1, evaluation methodology and channel models have been discussed. Broadcast/groupcast communication will be evaluated. Looking at the agreed assumptions, discovery is not a required step for groupcast and broadcast communication, which is aligned with SA stage-1 requirement. It implies that there is no requirement such that all receiving UEs can successfully receive data. However, it would be necessary to improve performance increasing successful decoding in D2D communication path. Although the simulation assumption and methodology has been agreed, RAN1 has not discussed about D2D communication solutions yet. 
3 Potential RAN2 scope
Based on summary in Section 2, the following functionalities are expected in RAN to discuss for broadcast/groupcast communication. 

· Radio resource allocation: radio resources for D2D communication path should be assigned.  
· Establishment of D2D communication path: Traffic channel in PHY/MAC/RLC/PDCP layer should be established over ProSe communication path. Control plane may be also established. 
· Monitoring of communication characteristics (e.g. RRM) : interference between D2D UEs or between groups should be managed.  
· Physical layer procedure/signalling: physical layer procedure for D2D communication should be supported e.g. synchronization, discovery, physical signalling, etc.  

Proposal 1. RAN2 should focus on procedure and signaling support for resource allocation, configuration of user/control (if required) plane and monitoring of communication characteristics, for broadcast/groupcast D2D communication for both in and out of network scenarios.

4 RAN2 aspects
4.1 RAN operation for out-of-network coverage scenario
In out-of-network coverage scenario, the eNB does not exist and hence, we should discuss how to establish D2D communication path. D2D communication path could be established in purely distributed operation i.e. the multiple D2D UEs/groups are operated concurrently in the different unsynchronized timing. This operation may lead to challenging interference environment, poor utilization of the spectrum resources and limited transmission range due to potential collisions if spectrum resources are not properly managed. The practical way to address these issues is to establish 1) synchronous operation (terminals within a given synchronization area have common timing reference) and 2) ensure proper control and usage of the spectrum resources. Although the detailed operation for synchronization and usage of the spectrum resources should be discussed in RAN1, one of the D2D UEs needs to be designated as a centralized node [5][6]. There can be multiple UEs designated as centralized nodes, where each serves a cluster of UEs within its geographical range. The centralized node periodically transmits synchronization signals and assists in configuration of spectrum resources. Furthermore, the centralized node can have more functionality such as radio resource allocation to avoid collision, interference management, etc. If the centralized node is introduced for RAN1 functionality, RAN2 can also design D2D communication procedure assuming the centralized node. For example, the centralized node can support session management to avoid collision between multiple UEs sending groupcast/broadcast. By assuming the centralized node, more commonality between the design for within and out of network coverage can be achieved in design of groupcast/broadcast communication because the centralized node can be considered as a “light” eNB. The centralized node from RAN perspective may or may not be the same as group owner (in case of Group Owner mode) defined by SA. 
Proposal 2. RAN2 should discuss whether a centralized node for D2D network should be introduced in out-of-network coverage if RAN1 introduces a centralized node for synchronization and resource allocation.  Furthermore, RAN2 should discuss on functionalities that can be supported by the centralized node.
4.2 Broadcast Communication/Groupcast communication
According to the RAN plenary agreements, the support of the broadcast D2D communication should be the main focus for the public safety use case in Rel-12. Furthermore, basic groupcast and relay functionality can be supported by L1 broadcast communication. 
In our view the broadcast communication means that when a transmitter transmits signal to multiple receivers within the transmission range, the receivers may receive multiple broadcast transmission from different TX points and select the one of interest. From that perspective, the broadcasting UE aims to reach all UEs in the given transmission range, determined by given data rate. The groupcast communication means that the transmitter transmits signal to a predefined set of target receivers that belong to this group that need to receive the traffic. From physical layer point of view, there is no big difference in the sense that both of them aim to transmit signals to multiple UEs. 
Therefore, it would be possible to support groupcast communication via L1 broadcast communication mode. 
However, there are more aspects to support groupcast communication. 

· Group communication transmission targets to the predefined set of UEs, i.e. group members in the group. It may be necessary to prevent non-member UE from receiving/decoding groupcast data. However, if the data is already encrypted in the application layer, RAN level protection may not be required similar to eMBMS. 
· It may often be the case when some of the receiving UEs within a given group may not be able to successfully receive the signal because of the link budget constraints. In such situations, a receiving node may serve as the best relaying port for all terminals within a group or a number of terminals in the group may be identified as relay nodes. 
Proposal 3. RAN2 should discuss whether the special handling for groupcast communication on top of broadcast communication should be supported in Rel-12. 

4.3 Resource allocation

In LTE, resource is fully controlled by the eNB, i.e. the eNB is responsible for allocating resource to the UE. The eNB is able to perform resource allocation because the eNB can obtain the required information (e.g. CSI, buffer status, PHR, etc). Even in D2D, it would be possible that the eNB fully controls resource allocation. On the other hand, new resource allocation mechanism can be considered where eNB is not involved in actual D2D communication and for the case of out of network coverage scenario. Depending on resource allocation mechanism, the following two options can be identified. 
· Option 1: Distributed approach. In this approach, the UE is responsible for determining own resource based on predefined medium access control protocol or procedure. The distributed approach is often applied in ad hoc networks and was already implemented in several technologies (e.g. Bluetooth, WiFi-Direct). Although, the distributed protocol does not require network assistance, the implementation often requires the selection of the group owner or coordinator node, whose function is to control operation of the devices in the proximity area. Alternatively, the pure ad hoc operation is also possible and is used in practice. The drawback of the distributed approach is its weakness in terms of interference control and collision resolution, especially in asynchronous setup, when devices are not synchronized. The collision resolution is typically implemented using probabilistic approaches, e.g. using medium/carrier sensing and random backoff time to perform transmission if medium is occupied (e.g. CSMA-CA). These mechanisms typically increase power consumption of the UE terminal when it is active and may lead to degradation of system performance in highly congested environment.
· Option 2: Centralized approach. In this approach, the radio resources and D2D communication is fully controlled by the eNB or a centralized node (for out of network coverage scenario). This option has advantage that it can efficiently manage radio resource in a cell and avoid collision between D2D UEs or between D2D path and infrastructure link. In D2D communication, this approach may need to consider how to scale well when the number of D2D UEs is increased and multiple D2D communication occurs concurrently because the eNB needs to know channel condition and buffer status reported by the UEs which increases signaling overhead significantly. However, this issue is not significant in case of groupcast/broadcast communication, in which some limited number of UEs send data to multiple UEs. In broadcast/groupcast communication, the transmitting UE sends a resource request to the eNB (or the centralized node). The eNB (or the centralized node) allocates resource which is not used by other member UEs in case of groupcast communication or by all UEs (all UE in proximity) within the cell (or within the coverage of the centralized node). 
Table 1 summarizes the resource allocation approaches within network coverage and out-of-network coverage scenario. 
	
	Within network coverage
	Out-of-network coverage

	Distributed approach
	eNB allocates a set of resources. And the D2D UEs selects resource. 
	D2D UEs can acquire resource based on a predefined medium access control mechanism (e.g. CSMA-CA, RTS-CTS)

	Centralized approach
	eNB allocates a dedicated resource.
	One of the D2D UEs is acted as a centralized node and allocates a dedicated resource to other D2D UEs.


Table 1: Resource allocation approaches
Although the detailed procedure and required signaling should be discussed in RAN2, the resource allocation mechanism needs to be evaluated in terms of overall performance such as system capacity, which is planned in RAN1. Therefore, RAN2 should wait until RAN1 makes progress in the resource allocation mechanism based on evaluation and discuss on the detailed procedure and required signaling. 
Proposal 4. RAN2 should discuss on the detailed procedure and required signaling after RAN1 makes  progress in the resource allocation mechanism based on evaluation.
4.4 Reusing eMBMS concept
In LTE, eMBMS is supported to provide an efficient transmission mode for broadcast and multicast services. Therefore, it was raised in SA2 if eMBMS can be reused for groupcast/broadcast communication [4].  
Figure 2 shows an example of signaling flow of groupcast/broadcast to discuss if eMBMS procedure can be reused for Ad-hoc mode described in Section 2. It is assumed that UE_A wants to transmit broadcast/groupcast data based on centralized scheduling. As discussed in Section 4.3, within network coverage, the eNB allocates resource based on UE request, while in out-of-network coverage, a centralized node can allocate resource for broadcast/groupcast.  
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Figure 3: reusing eMBMS for groupcast/broadcast
1. UE is configured for broadcast/groupcast communication. This can be configured during authorization for groupcast service and therefore, it is triggered by the CN and signling is supported in NAS level transparently to RAN. For broadcast, this parameter may not be configured but can be predefined e.g predefined ID, pre-fixed security key, etc. For groupcast, group ID, security key should be configured from D2D server. 
2. eNB(centralized node) broadcasts common resource information via SIB. For example, frequency channel information for D2D communication resource and notification information can be signalled. If the UE receives the common resource information, the UE starts monitoring PDCCH for notification.  
3. UE_A requests eNB(centrailized node) to allocate resource. 
4. eNB(centrailzed node) allocates resource for transmission to UE_A.
5. UE_A or eNB(centrailzed node) sends notification indicating the change of MCCH.
6. UE A transmits MCH(MCCH+MTCH): MCCH includes scheduling information (e.g. MCS, subframe information) and TMGI. MTCH transmits broadcast/groupcast data.
It may seem that eMBMS procedure can be easily reused for broadcast/groupcast communication. However, looking at the procedure and the required channels, it appears that there is no big difference between using eMBMS structure and using unicast structure (PDSCH) because the groupcast/broadcast data in D2D communication does not need to be transmitted from multiple cells. The main difference is the way of signaling resource allocation from transmitting UE. In unicast, PDCCH should be used to indicate the resource to transmit data and it should be transmitted in every subframe where PDSCH is transmitted. However, if the physical signaling overhead is concerned, we can apply SPS scheduling. Therefore, RAN2 should further discuss whether it is really necessary to utilize eMBMS structure for broadcast/groupcast communication. 

Proposal 5. RAN2 should discuss the feasibility of using eMBMS structure for broadcast/groupcast communication and provide feedback to SA2 if possible.
5 Conclusion
In this contribution, we discussed broadcast/groupcast for D2D communication. We summarized SA2 and RAN1 work in Section 2 and identified RAN2 scope in Section 3. Finally, we discussed some RAN2 related issues in Section 4. Based on the discussion, we would like to propose the following points. 
Proposal 1: RAN2 should focus on procedure and signaling support for resource allocation, configuration of user/control(if required) plane and monitoring of communication characteristics, for broadcast/groupcast D2D communication for both in and out of network scenarios.
Proposal 2:RAN2 should discuss whether a centralized node for D2D network can be introduced in out-of-network coverage.  Furthermore, RAN2 should discuss on functionalities that can be supported by the centralized node.
Proposal 3: RAN2 should discuss whether the special handling for groupcast communication on top of broadcast communication can be supported in Rel-12.
Proposal 4: RAN2 should discuss on the detailed procedure and required signaling after RAN1 makes  progress in the resource allocation mechanism based on evaluation
Proposal 5: RAN2 should discuss the feasibility of using eMBMS structure for broadcast/groupcast communication and provide feedback to SA2 if possible.
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