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1. Introduction
The D2D study item [1] was approved at the RAN#58 plenary meeting and is led by RAN1 WG. The SI covers both the discovery part and the communication part. The scope of study for communication covers the deployment scenarios listed in the SID: consumer LTE, in-network (lower priority), public safety in-network, and public safety out-of-network. More specifically, RAN1 needs to
1. Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly.

2. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.

In this contribution we present our view on D2D direct communication. We present a unified approach to unicast, groupcast and broadcast under different network coverage cases, including full, partial or no network coverage by using a cluster-based network architecture. The problems of cluster formation and D2D discovery are discussed in detail in the companion contribution [5].
2. Discussion and analysis
2.1. Cluster-based network architecture
During the discussions on D2D in RAN1#73 and #73bis, many companies have expressed interest to develope a unified approach for the general use case as well as the public safety use case [2]
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 \* MERGEFORMAT [3].  A desired solution should work with minimal differences under different network coverage scenarios (full/partial/no network coverage). This also reduces the spec changes and reduces UE implementation complexity. Within network coverage, all D2D UEs (DUEs) are also cellular UEs, and by default they are all managed by eNBs. In this case, it is natural to design a D2D solution where D2D discovery and direct communications are managed by the eNB. A compatible solution requires scheduled transmission for discovery and direct communications when UEs are out of the network coverage or only partially within the network coverage. This eliminates a flat network architecture like that of IEEE 802.11 ad hoc mode as a viable candidate. When nodes are organized in hierarchical network architecture, scheduled transmission and reception are easier to realize. In a cluster-based network architecture, DUEs are organized into a set of clusters where each cluster head controls a set of cluster members within its transmission range. If the cluster head directs the transmission and reception of its cluster members, it is feasible to mimic the scheduled transmissions in a cell. This promises a unified approach applicable to varying degrees of network coverage. The cluster network architecture can also be used to provide synchronization and D2D discovery. The details of the clustering scheme are provides in our companion contribution [5]. For the DUEs that are within the network coverage, eNB serves as the cluster head controlling the cluster members through the regular DL and UL channels. 
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Figure 1. An example of two clusters for the out of network coverage case.

Figure 1 shows an example of two clusters out of network coverage. Cluster 1 is headed by DUE1, and has DUEs 2~5 as its cluster members. Cluster 2 is headed by DUE6, and has DUEs 4,7,8 as its cluster members. DUE4 belongs to both cluster 1 and cluster 2. Figure 2 shows an example of the partial network coverage case, where DUEs 2~5 are within the coverage range of eNB, and DUEs 6~8 are out of its coverage range. The eNB serves as the cluster head for cluster 1, while DUE6 serves as the cluster head for cluster 2. While the PHY channels and resource usage are different in these 2 clusters, the two clusters have the same network control topology. A cluster head can serve the same logical function as an eNB, including managing the cluster entry process and the cluster membership. The cluster head can assign each cluster member a unique ID significant only within the cluster, similar to C-RNTI in a cell. The network structure based on cluster can be general enough to serve different degrees of network coverage and should be studied further.
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Figure 2. An example of two clusters for the partial network coverage case.
Proposal 1: Consider a cluster-based network control architecture applicable to different degrees of network coverage.
2.2. Cluster-based D2D direct communications 
It has been agreed in RAN1#73 meeting that D2D transmission uses UL spectrum for FDD system or UL subframes for TDD system [4]. Out of the network coverage, the cluster head manages a cluster member through the D2D direct link between the two. Within the network coverage, the eNB serves as the cluster head and controls the DUEs through the UL/DL channels. The cluster head can realize unicast, multicast and broadcast within the cluster with proper scheduling. 
· Unicast transmission

For unicast transmission, it is reasonable expect a CSI process between the transmitter and the receiver during the time of the transmission. The RX DUE can periodically estimate the point-to-point channel based on some CSI-RS signal transmitted by the TX DUE, and provide its feedback to the cluster head and the TX DUE. The cluster head can assign or adjust transmission resources accordingly. To prevent the cluster head from becoming a bottle neck, or draining its battery too fast, a unicast transmission is best managed autonomously between the TX DUE and the RX DUE without frequent intervention of the cluster head. The cluster head can assign the resources to a unicast pair as SPS, and have the HARQ process managed between the TX DUE and the RX DUE. However, the cluster head needs to monitor the transmission periodically and this requires the TX DUE and RX DUE to report the TX and RX status to the cluster head. The cluster head needs to configure periodic unicast resources for these feedbacks. 
· Groupcast and broadcast 
Groupcast and broadcast may be scheduled by the cluster head, but these transmissions should be on a best-effort basis. It is probably too costly to collect the CSI feedback from the groupcast or broadcast receivers. In the public safety use case where broadcast may take place before discovery, the set of receivers is unknown to the broadcast transmitter and this makes explicit CSI feedback impossible. However, it may be beneficial to introduce some limited ACK/NACK feedback to enhance the performance. These feedbacks may be sent to the cluster head or the DUE transmitter. The feedback schemes for groupcast or broadcast is FFS.

Proposal 2: Consider a scheduling-based transmission scheme for unicast, groupcast and broadcast controlled by cluster head.

· Unscheduled transmission

Unscheduled transmission can be a useful supplement to scheduled transmission because it eliminates the scheduling overhead and delay. This is especially useful for emergency broadcast or groupcast transmission with high priority and small packet size. Some resources can be designated for unscheduled transmission on a contention basis. In this case it is important to include some feedbacks to help resolve potential conflict. These feedbacks may be sent to the cluster head or the DUE transmitter. The detail of feedback schemes for unscheduled transmission is FFS.
Proposal 3: Consider unscheduled D2D transmission for broadcast and groupcast as supplement to scheduled transmission.  

· New channel types 

To support the above communication types in a cluster, some new data channels and control channels are required: 

· D2D cluster random access channel for DUE to join a cluster, and for cluster member to gain access to the cluster head in a nonscheduled manner.
· D2D physical broadcast channel for cluster head to advertise basic RF configuration parameters.
· D2D physical control channel for the cluster head to transmit to cluster members the scheduling information.  

· D2D physical shared channel for transmission between DUEs user information and control information as unicast, group cast or broadcast.

· D2D physical feedback channel for DUE RX to send back feedback information such as HARQ ACK/NACK, CSI to the DUE TX for unicast.
· Feedback for group cast or broadcast is FFS. 
Proposal 4: Study new physical data channel and control channel for D2D direct communication.

· D2D Relay 

Within a cluster, two DUEs are at most two hops apart. Intra-cluster unicast transmission needs to be relayed through at most one DUE, preferably a regular cluster member instead of the cluster head. Unicast transmission between a DUE in one cluster to another DUE in another, adjacent cluster can be relayed through a boundary DUE in both clusters (such as DUE 4 in Fig.1). It appears such relay function can be realized on top of single-hop physical channels under the management of the cluster head or cluster heads in adjacent clusters. The intra- and inter-cluster signaling to enable such relay is FFS. 

Proposal 5: Study intra-cluster and inter-cluster relay to support multihop transmission.  

3. Conclusion

We presented a unified approach for designing D2D direct communication applicable to the cases of full/partial/no network coverage. It adopts a cluster-based network architecture to allow single hop unicast, groupcast and broadcast transmission within a cluster. DUE to DUE transmission beyond a single hop can be transmission can be realized through intra-cluster or inter-cluster relay. We make the following proposals: 
Proposal 1: Consider a cluster-based network control architecture applicable to different degrees of network coverage.
Proposal 2: Consider a scheduling-based transmission scheme for unicast, groupcast and broadcast controlled by cluster head.

Proposal 3: Consider unscheduled D2D transmission for broadcast and groupcast as supplement to scheduled transmission.   

Proposal 4: Study new physical data channel and control channel for D2D direct communication.
Proposal 5: Study intra-cluster and inter-cluster relay to support multihop transmission.  
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