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Discussion and Decision
1. Introduction 
During RAN2 discussions on D2D communication, many issues were clarified and captured in TR 36.843. Among open issues, the resource allocation scheme would be the key issue for D2D broadcast and it should be decided by considering various evaluation criteria, such as performance, complexity, and signalling overhead. In this paper, we describe procedures for fully scheduled resource allocation in LTE-coverage.
2. Discussions

D2D communications have much different aspects comparing with eNB to UE communications. So, it is required to investigate many issues for introducing the feature in the LTE spec. In order to reduce standardization efforts, centralized approach would be the best way forward since the 3GPP system is inherently composed of network controlled architecture. By using the approach, much of LTE functionalities can be reused and spec. change would be minimized. In this paper, we describe procedures for fully scheduled resource allocation within in-LTE-coverage focusing on UE states.
Prior to the description, we investigate D2D reception procedure because it would be simpler than D2D transmission. According to the LTE procedure, UE can participate in MBMS services regardless of UE states (RRC_CONNECTED, RRC_IDLE). So, the same approach could be applied to the reception of D2D broadcast and it could minimize signaling overhead and power consumption. The reception procedure can be optimized for power saving as L1 broadcast mechanism needs continuous demodulation. Synchronization procedure may be considered since D2D broadcast is performed via uplink, but it is the part of RAN1 issues.
Proposal 1. UE can receive D2D broadcast regardless of UE states.

2.1 RRC_CONNECTED UE
For transmission, D2D communication need not be tightly coupled with RRC connection. Therefore, we support that RRC_IDLE UE transmits D2D data packets. Additionally, we can utilize RRC_CONNECTED UEs for the efficient management of LTE and D2D communications. To provide resource allocation, LTE procedures, such as SR, BSR, and UL Grant, would be reused with limited modifications. 
For RRC_CONNECTED UE, the following procedure can be applied:

· UE triggers a request for D2D broadcast based on buffer status or higher layer indication.

· UE transmits SR or BSR by using LTE procedure between eNB and UE. 

· eNB allocates resources for D2D broadcast. Resource pool for broadcast is pre-configured to groups.

· eNB sends control information via downlink. PDCCH DCI or New MAC CE can be used for resource allocation.
· UE broadcasts D2D data channels, including control channels via uplink.

[image: image1.emf]cell

UE1 UE2

UE3

Scheduling Request

UL Grant (LTE)

D2D broadcast (control + data)

Buffer Status Report (D2D)

UL Grant (D2D)

D2D broadcast (control + data)


Figure 1. RRC_CONNECTED UE 
The main advantage of the procedure is that the resource allocation can be done without contention, which is the unavoidable problem in CSMA approaches. Furthermore, the procedure supports backward compatibility and service continuity without any efforts. Cell coverage is mostly bigger than the D2D coverage of each UE because of antenna characteristics, transmit power, and geographical position. So, network has enough range to provide a reliable centralized mechanism to UEs for direct communication. 
Message formats for the procedure need to be enhanced to accommodate D2D broadcast features. Related messages include BSR, PDCCH DCI, and MAC CE. As semi-persistent voice traffic is the typical service type for public safety, the SPS concept can be applied to the resource allocation which reduces signalling between eNB and UE. So, periodic broadcast can be possible when the eNB allocates SPS operations.

Proposal 2. For RRC_CONNECTED UE, LTE procedure can be reused for D2D broadcast with limited modifications.

2.2 RRC_IDLE UE

For D2D transmission, RRC_IDLE UE can be RRC connected to eNB to maximize resource utilization from the network. However, simplified procedure is necessary to reduce signaling complexity and eNB is required to avoid unnecessary burden for UE management. To support the feature, the random access procedure can be used to the resource allocation and UE remains in RRC_IDLE state after the signaling is done. 
So, the UE can transmit periodic D2D broadcast in RRC_IDLE state and the following procedure can be applied:
· UE triggers a request for D2D broadcast based on buffer status and higher layer indication.

· UE sends Random Access Preamble to eNB. The RAP resource is separated between LTE and D2D.
· eNB sends Random Access Response to the UE. 

· UE transmits Msg3. It includes D2D request information such as BSR, type of services, group ID, etc.

· eNB sends control information via downlink. New MAC CE can be used for resource allocation.

· UE broadcasts D2D data channels, including control channels via uplink.

The procedure supports connectionless UE operation with simplified LTE procedure. The procedure may not entirely accomplish contention resolution. Nevertheless it can resolve the contention better than CSMA approaches. Furthermore, the procedure doesn’t require any new procedure for D2D resource allocation. For Msg3 and New MAC CE, similar message formats to the RRC_CONNECTED UE can be applied in the procedure. As already summarised in RAN2, group ID is not managed dynamically, so UE can use the semi-statically allocated group ID for signalling. Also, UE ID should be exchanged between eNB and UE, so UE addressing issue would be discussed in RAN2. 
Proposal 3. For RRC_IDLE UE, simplified LTE procedure can be used for D2D broadcast.

3. Conclusions
In this contribution, we have analyzed the fully scheduled scheme which is a candidate for resource allocations. We think that the scheme would be a possible solution for in-coverage scenarios and the following proposals can be considered for D2D communications:
Proposal 1. UE can receive D2D broadcast regardless of UE states.

Proposal 2. For RRC_CONNECTED UE, LTE procedure can be reused for D2D broadcast with limited modifications.

Proposal 3. For RRC_IDLE UE, simplified LTE procedure can be used for D2D broadcast.
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