3GPP TSG-RAN1 #74
R1-133143
Barcelona, Spain, 19th -23rd August, 2013
Agenda Item:
7.2.8.2
Source: 
Fujitsu
Title: 
D2D discovery and synchronization based on clusters
Document for:
Discussion and decision
1. Introduction
The D2D study item [1] was approved at the RAN#58 plenary meeting and is led by RAN1 WG. Agreements in scenarios, evaluation methodology and channel models have been mostly reached by the RAN1#73 meeting. In preparation for the technical discussion on D2D discovery and communication, many companies have expressed the desire to develop a unified approach incorporating both the general use case and the public safety use case [2]
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[3].  In this contribution we present our view on a unified approach to the problem of synchronization and discovery under different network coverage cases. Using a cluster-based network architecture, it is possible to design synchronization and D2D discovery scheme applicable to the case of full/partial/no network coverage. How the cluster-based network architecture can be used for direct communication is discussed in the companion contribution [4].
2. Discussion and analysis
2.1. Need for synchronization for ProSe 
We consider synchronization the process of aligning the clock at the UEs, not including the adjustment of the TA value. It is preferable that the solutions for D2D under different network coverage cases (full/partial/no network coverage) share a unified approach as much as possible. This can reduce the standardization effort and simplify the UE implementation. Within the network coverage, D2D UEs (DUEs) are synchronized with respect to the eNB and other UEs in the same cell at least to the OFDM symbol level, and eNB has full control of the DUEs within its cell. No additional D2D synchronization scheme is needed. When there is no network coverage, a primary decision is whether different DUEs need to be synchronized. The attraction of asynchronous schemes, such as IEEE 802.11 ad hoc mode, is that there is no additional synchronization overhead.  Contention-based transmission scheme is based on the local clock at individual UE. However, it makes coordination between transmissions difficult, and the overall spectrum efficiency within an area is lower than synchronous transmission schemes. Asynchronous transmission also is difficult to be compatible with the existing LTE-A framework, especially for the partial network coverage case when some of the UEs are synchronized by the network, while the other UEs are out of network coverage. Asynchronous transmission is also very energy demanding on the receiver side, because a transmission may take place at any time and the receiving algorithm needs to constantly monitor for incoming transmission. In the IEEE 802.11 DCF protocol, the receiver needs to constantly search for the PLCP preamble pattern. This is not necessary for a synchronous transmission scheme, making a synchronous transmission scheme more energy efficient. It is also easy for synchronous transmission to schedule time-aligned transmissions, making it more attractive for D2D direct communication. For the partial network coverage case, a smooth transition between in and out of eNB coverage is only possible with synchronization between UEs. We believe for both partial and no network coverage cases, UEs need to be synchronized at least with the other UEs within their transmission range. In most cases, synchronization should be a pre-requisite to D2D discovery and communication. The only possible exception is the case of emergency broadcast for public safety usage, when the broadcast needs to be transmitted before D2D discovery. Further study is needed for this. Therefore we propose the following:
Proposal 1: Develop a synchronization scheme for D2D UEs for the cases of full/partial/no network coverage under a common framework. For most ProSe services, synchronization should be a pre-requisite to D2D discovery and direct communication. 

Within the network coverage, DUEs in a cell are synchronized to the eNB. Because different eNBs may or may not be synchronized with each other, the DUEs synchronized to these eNBs also may or may not be synchronized. Because of this, even for the case of no network coverage, the need to synchronize all the UEs in the network is not clear. It is also very difficult, if not impossible, to make all UEs in the network synchronized. It is sufficient to synchronize a DUE with the other DUEs within its transmission range. Therefore we propose the following:

Proposal 2: A D2D UE should be synchronized with respect to the other DUEs within its transmission range. For D2D UEs with network coverage, no additional synchronization for D2D is necessary. 
2.2. Distributed synchronization scheme based on clustering
For DUEs out of network coverage, external timing reference signals such as GPS provides a convenient common reference time and should be taken advantage of whenever possible. Other synchronous reference timing, such as that provided by a CDMA network or a digital television network, can also be used. We will use GPS signal as an example in the following discussion. A problem with GPS is that not all DUEs can receive the GPS signal successfully. Signal of digital TV transmission is usually much stronger than GPS, but still cannot guarantee reception by all the DUEs. A natural approach is for some DUEs synchronized to the GPS signal to transmit a timing reference signal for other DUEs within its transmission range not receiving the GPS signal to get synchronized. This will effectively extend the coverage of GPS timing signal and make DUEs within transmission range synchronized, in an area where at least some DUEs receive the GPS signal. Because there is no guarantee there is always some DUEs have access to GPS, such as the case in a large indoor shopping mall, we also need to support the situation where none of the DUEs can receive the GPS signal. A distributed scheme to synchronize different DUEs is required. A possible solution is to use the local clock of a DUEs to synchronize the other DUEs within its transmission range. A unified approach for these different cases is to select some DUEs, receiving GPS signal or not, to act as cluster heads and transmit cluster synchronization signal to other DUEs within their transmission ranges. These other DUEs synchronized to the cluster heads through the respective cluster synchronization signal become the members of the cluster. This organizes the network of DUEs into a set of adjacent, possibly overlapping clusters. A cluster-based network structure has the following desired properties:

· A cluster is consisted of a cluster head and cluster members within its transmission range.

· The cluster head transmits a cluster synchronization signal to provide timing reference to its cluster members. 
· A DUE receiving the cluster synchronization signal of a cluster head may be synchronized to the cluster head and start joining the cluster through a cluster-entry process. The cluster entry process is described latter.
· A cluster should include only DUEs within the transmission range of the cluster head. 

· Cluster heads can be elected through some distributed process. Factors such as accessibility to GPS signals, cluster size and mobility should be considered. The detailed cluster head election scheme is FFS.
· A cluster head should avoid participating in another cluster as a cluster member. This is to reduce possible complication and simplify the network design.
· A DUE may receive multiple synchronization signals and become a member of more than one clusters. It uses the reference time of a cluster to participate in the activity of the corresponding cluster.
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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. 
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Figure 2. An example of two clusters for the partial network coverage case.

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 with DUEs 4,7,8 as its cluster members.
Clustering provides a distributed way to synchronize DUEs within transmission range for the case of no network coverage. For the case of within network coverage, the eNBs serve synchronize the DUEs within their coverage range and can be regarded logically as cluster head at least for synchronization purposes. This view point unifies the two cases of with full or with no network coverage, and can be extended naturally to the intermediate case of partial network coverage where synchronization is provided by a mixture of eNBs and DUEs serving as cluster heads.  

Proposal 3: Synchronization based on clustering provides a unified approach to the cases of full/partial/no network coverage. Adopt a cluster-based distributed synchronization scheme for D2D ProSe. 
2.3. Cluster-based D2D discovery 
Besides synchronization, a cluster also provides an analogy to the cellular structure in a miniature scale. The DUE serving as cluster head can function as a local coordinator to control and coordinate the transmission and reception of the cluster members. Synchronous discovery and direct communication can be scheduled without the network coverage. This requires the cluster synchronization signal to double as a beacon signal to identify the cluster uniquely within a neighborhood, or the cluster head needs to transmit a separate beacon signal to advertise and identify itself. The cluster head also needs to broadcast basic information in a separate channel equivalent to PBCH for DUEs to receive without any priori knowledge, and broadcast additional system information (MIB/SIB) on a D2D direct data channel to DUEs before they can start the cluster entry process. In general, the cluster entry procedure can be designed similarly to the Rel.8 random access procedure. A DUE trying to join a cluster gets the attention of the cluster head by transmitting some random access sequence in designated RACH resources, followed by message exchanges with the cluster head to complete the cluster entry process. The details of the cluster entry process are FFS. 
For the case of full network coverage, the eNB serves the function as the cluster head, and by default all the DUEs in a cell are its cluster members. There is no separate cluster entry process beyond the standard network entry procedure. For the case of partial network coverage, a DUE may belong to a cluster headed by an eNB or another DUE, depending on whether it is within the coverage of an eNB or not. 
In all cases, after a DUE has completed the cluster entry process (or the network entry process), direct communication between the cluster head and the cluster member has been established.  It is then time for the DUE to discover, and to be discovered by, other DUEs of interest in the same cluster within its transmission range as directed by the cluster head. The cluster head schedules intra-cluster D2D discovery for the cluster members on an on-demand basis or on a regular basis. In designated resources, a DUE transmits a D2D discovery reference signal. Depending on the nature of the discovery (open or closed), the cluster head can inform all or some of DUEs to receive the discovery reference signal and conduct required measurements. The cluster head can also signal to the DUEs receiving the discovery reference signal the identity and services related to the DUE transmitting the reference signal. 
Proposal 4: Adopt a cluster-based network control architecture where the cluster head controls the activities of the cluster members, including D2D discovery. 
3. Conclusion

We presented a unified scheme for D2D synchronization and discovery applicable to the cases of full/partial/no network coverage. It adopts a cluster-based network architecture to allow distributed network synchronization and discovery. We make the following proposals: 
Proposal 1: Develop a synchronization scheme for D2D UEs for the cases of full/partial/no network coverage under a common framework. For most ProSe services, synchronization should be a pre-requisite to D2D discovery and direct communication. 

Proposal 2: A D2D UE should be synchronized with respect to the other DUEs within its transmission range. For D2D UEs with network coverage, no additional synchronization for D2D is necessary. 

Proposal 3: Synchronization based on clustering provides a unified approach to the cases of full/partial/no network coverage. Adopt a cluster-based distributed synchronization scheme for D2D ProSe. 
Proposal 4: Adopt a cluster-based network control architecture where the cluster head controls the activities of the cluster members, including D2D discovery. 
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