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1
Introduction
The priority of D2D communication work within RAN1 has been agreed in the RAN plenary time budget [1] and is described in the RAN1 draft agenda [2] as follows:
D2D Communication

Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication.
If possible, consider optimisations to enhance efficiency of the relay operation. 

Note that impact to existing operator services and resources is included in the evaluations.
In this document we discuss the options for D2D broadcast communication.
2
Broadcast physical channel

It is discussed in a companion document that synchronisation can be achieved for a cluster of devices when out of network coverage through the transmission of synchronisation signals by one of the cluster's devices, referred to as a coordinating entity [3].  In this document it is assumed that synchronisation exists either within these local off-network clusters or from an eNode B when within network coverage.  The synchronisation source, whether in or out of network coverage, is subsequently referred to as a coordinating entity.  In the companion document it is also suggested that the physical channel chosen for one-to-one communication when out of network coverage should be similar to a conventional LTE PUSCH [3].  The same reasons are also valid for an out of network broadcast channel and are that of the single-carrier property of PUSCH and the ability to use demodulation reference signals (DMRS) that occupy only the bandwidth of transmission as opposed to relying upon full bandwidth cell-specific reference signals (CSRS) with the consequent reduced range of transmission and increased device power drain.
When within network coverage it is suggested that broadcast communications use a physical channel similar to PMCH.  This would be a more suitable physical channel for the eNode B to employ when making one-to-many transmissions as the considerations mentioned above for an off-network coordinating entity are less relevant.
Proposal 1:  The physical channel employed for one-to-many transmissions from a cell/cluster's coordinating entity to other devices should be PMCH for the in-network case and is based upon conventional LTE PUSCH for the out-of-network case.
3
Broadcast communications in a single cell or cluster
3.1
Data forwarding
Group communications from one-to-many ProSe enabled public safety devices can be achieved by the originating device transmitting its message to the cell or cluster's coordinating entity, i.e. an eNode B when within network coverage or a cluster coordinating entity when outside of network coverage.  This coordinating entity can then forward the transmission to all authenticated devices within the cell or cluster, Figure 1 [4,5].  The coordinating entity transmits synchronisation signals [3] and all devices within the cell/cluster are synchronised to the coordinating entity.  Note that when within network coverage it is expected that data is forwarded under the control of the eNode B and is not passed on to the EPC.  

One of the benefits of the data forwarding approach is that a device is able to broadcast its message to all devices within the range of the coordinating entity, which may be particularly useful when the coordinating entity has an advantageous propagation environment.  However, a potential disadvantage is that the message is received by devices that can "see" the coordinating device as opposed to devices that can "see" the broadcast message originator.
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Figure 1 - Single cell/cluster ProSe public safety group communications
3.2
Direct broadcast

As an alternative to forwarding data to the coordinating entity for transmission when out of network coverage, the device wishing to broadcast could directly transmit to the other devices within its range.  However, with this approach consideration of the synchronisation of the transmission has to be made.  If the device in question were to transmit its broadcast message inline with the timing advance supplied by the coordinating entity, then its transmissions may overlap the preceding subframe when received at nearby devices if the device-to-device distance is less than the device-to-coordinating entity distance.  Thus it is preferred that the transmission is broadcast inline with the received timing from the coordinating entity, i.e. without timing advance.  This in turn leads to limits upon the range of devices that can receive the broadcast message (based upon cyclic prefix as outlined in [6]) and may require the transmission to be shortened (i.e. end symbols omitted) to ensure that the transmission does not overlap subsequent subframes at the receiver [6].
Another strategy for the direct broadcast approach would be that the role of coordinating entity is transferred to the device that wishes to broadcast a message.  This would then transmit synchronisation signals and other devices could adopt the synchronisation of the new coordinating entity, potentially involving an adjustment to their frame timing.  Whilst this strategy is plausible, and the functionality to change coordinating entity is required anyway due to potential mobility, redundancy and power consumption reasons, it can be appreciated that swapping coordinating entities on a regular basis between devices participating in multiple way broadcasts would require all devices within broadcast coverage to regularly re-synchronise to the new coordinating entity.
Both the solutions for direct broadcast have disadvantages when compared to the data forwarding solution and thus it is preferential to use the data forwarding solution when out of network coverage as well as when in network coverage.

Proposal 2:  For ProSe public safety group communications, transmissions are transmitted to the cell or cluster's coordinating entity for forwarding to other devices.

4
Broadcast communication across multiple cells or clusters
Section 3 considered the case where a device only communicates over a distance that its transmissions can reach or within the confines of the coordinating entity that it is attached to.  This section considers transmission across greater distances and between coordinating entities, allowing broadcast communications to be transmitted over larger areas.

When multiple cells exist within the ProSe enabled public safety network, and a message from a device in one cell is to be transmitted to devices across multiple cells, the coordinating entity, i.e. eNode B, in the originating cell can forward the message to other eNode Bs within the network using the LTE infrastructure.  
However, when operating outside of network coverage, communications links between separate clusters' coordinating entities are not guaranteed or don't exist.  In this case group communication messages that need to be transmitted to devices connected to different off-network clusters must be forwarded by other devices.
4.1
Overlapping clusters

In the case that multiple off-network clusters are overlapping, Figure 2, device 2 receives the group communication transmission from the coordinating entity of cluster 1 and forwards the transmission to the coordinating entity of cluster 2.  For this action to happen device 2 will need to be "connected" to cluster 1 and cluster 2 simultaneously.  This operation can be considered to be a form of relay.  This leads to further questions such as:

· How does device 2 maintain synchronisation with multiple clusters if they are asynchronous?
· How is resource scheduled for device 2 when in effect it has two "masters"?

· How does device 2 know that it needs to forward the group communication to another cluster?
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Figure 2 - Multiple overlapping cluster ProSe public safety group communications

Many of the issues outlined above are outside the scope of RAN1, however that of synchronisation is not.  The coordinating entities of both clusters will transmit synchronisation signals [3] and it is assumed that device 2 has been able to detect these.  As these are separate non-connected entities then they may well have different timings and as such a device would need to maintain dual synchronisation, i.e. keeping track of the frame timing in both clusters simultaneously.  Furthermore, the device would need to have the ability to be RRC_CONNECTED to both coordinating entities simultaneously.  In this situation the device would be able to inform each coordinating entity about the other cluster and potentially pass control messages between the two coordinating entities.  One approach to achieve such a dual communication is that the coordinating entities could employ offset DRx cycles for the device in question to ensure that communications from one coordinating entity did not interfere with communications from the other coordinating entity.

Proposal 3:  In order to allow communications and broadcast between clusters of off-network coordinating entities, devices should be able to exist in the RRC_CONNECTED state with multiple coordinating entities simultaneously. 
4.2
Disjoint clusters

In the case of disjoint off-network clusters, but where devices from one cluster are within range of communication with devices from another cluster, then the situation is slightly different again, Figure 3.  In this case device 2 and device 3 need to discover each other as neither is a coordinating entity and hence do not transmit off-network cluster synchronisation signals.  As these devices are potentially asynchronous, then each device needs to transmit a discovery synchronisation signal in addition to a discovery message as described in [7].

Proposal 4:  It is proposed that device based synchronisation signals are studied and implemented for the purposes of ProSe device-to-device operation in all deployment scenarios including off-network group communications.

Having discovered each other, device 2 and device 3 would need to employ dual synchronisation, dual RRC connections and potentially disjoint DRx cycles, as outlined in Section 4.1, in order to enable communications and transfer of broadcast transmissions between the two off-network clusters.
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Figure 3 - Multiple disjoint cluster ProSe public safety group communications
5
Conclusion
This document has highlighted some of the issues associated with ProSe public safety group communications.  When group communications are broadcast only within range of a single coordinating entity, the following proposals are made:

Proposal 1:  The physical channel employed for one-to-many transmissions from a cell/cluster's coordinating entity to other devices should be PMCH for the in-network case and is based upon conventional LTE PUSCH for the out-of-network case.

Proposal 2:  For ProSe public safety group communications, transmissions are transmitted to the cell or cluster's coordinating entity for forwarding to other devices.

In addition, when group communications are broadcast across multiple coordinating entities, the following proposals are made:

Proposal 3:  In order to allow communications and broadcast between clusters of off-network coordinating entities, devices should be able to exist in the RRC_CONNECTED state with multiple coordinating entities simultaneously. 
Proposal 4:  It is proposed that device based synchronisation signals are studied and implemented for the purposes of ProSe device-to-device operation in all deployment scenarios including off-network group communications.
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