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1. Introduction

The issue of resource allocation for D2D communication was discussed during RAN2#84, but the only agreement reached was that [1] 
"UEs in-coverage and out-of-coverage need to be aware of a resource pool (time/frequency) for D2D communication reception"
The method of achieving this and the method of handling/allocating transmission resources will be discussed during RAN2#85 [2], and this document aims to outline a potential solution for this.
2. Discussion

In offline discussions during RAN2#84 several companies seemed to support the idea of a small resource pool being allocated by the eNode B for in-coverage D2D communication, with the details of this resource pool being transmitted in System Information. This resource pool would be monitored by all D2D devices. A device wanting to transmit would request resources, which would be assigned by the eNode B via RRC signalling as shown in Figure 1. These assigned communication resources would not necessarily be within the defined resource pool. An announcement message would be transmitted within the monitored resource pool indicating the transmission resources, as shown in Figure 2.
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Proposal 1. A minimal resource pool is allocated by the eNode B and details of this resource pool are transmitted in System Information.

Proposal 2. An in-coverage UE requests resources for transmission via RRC signalling, which are assigned by the eNode B.

Proposal 3. The transmission resources are announced in the configured resource pool.

Observation: It is FFS whether the transmission resources are dynamically or semi-statically allocated.
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Figure 2. Diagram of SIB signalled resource pool, announcement message and RRC allocated resources

The resource pool for out-of-coverage D2D communication will need to be predefined on all D2D devices. It has been suggested in [4] that a reservation or announcing channel is used for out-of-coverage D2D communication. It is shown in [3] that using a CSMA based approach with a reservation channel results in significantly improved performance in terms of outage rates when compared to random resource allocation. Only the reservation channel would be monitored, eliminating the need to receive across the entire bandwidth at all times, and a message transmitted on this channel would indicate resources to be used for a transmission.

Proposal 4. The reservation channel for out-of-coverage D2D communication should be predefined.
Some communication may take place in partial coverage, where some UEs would be within coverage and some would be out-of-coverage. It is important that devices in this situation can communicate efficiently, therefore in-coverage UEs near a cell edge must be aware of resources used for out-of-coverage transmission and vice-versa.

Resources for out-of-coverage communication will need to be predefined, therefore the simplest solution for a partial coverage scenario which would allow UEs in-coverage to receive transmissions from out-of-coverage UEs would be to configure a universal out-of-coverage reservation channel and have in-coverage UEs near the cell edge monitor this. UEs within coverage and out of coverage would need to know each other's timing in order to monitor the other's reservation channel.

If an in-coverage UE is interested in a transmission announced on the reservation channel it would be directed to the appropriate resources by the reservation message. The structure of the MAC control element to be transmitted on the reservation channel is discussed in [5]. The same approach could be used to allow out-of-coverage UEs to receive transmissions from in-coverage UEs; an in-coverage reservation channel, which would be part of the resource pool defined in System Information, would be used to announce transmissions and direct UEs to the relevant transmission resource. All out-of-coverage UEs close to cell edges would monitor this channel. In this approach there would be two separate reservation channels, one for in-coverage and one for out-of-coverage communication. 
An alternative is to use a single, universal reservation channel for both in- and out-of-coverage communication. Resource pools for each would be separate, and the message transmitted on the reservation channel would indicate the relevant resources. This approach would lead to increased transmissions on the single reservation channel at cell boundaries and in other partial coverage areas, potentially leading to increased collisions.
Observation: A joint reservation channel for in- and out-of-coverage transmissions would potentially result in increased collisions.
Without a reservation channel all UEs near a cell edge would need to monitor both the in-coverage and out-of-coverage resource pools, which is an undesirable situation and would lead to poor battery life. This method would also not fit in with the assumed method of resource allocation for UEs within coverage, where only a minimal resource pool is defined and allocated transmission resources may be outside this pool, as discussed above.
Observation: It would be undesirable to have all UEs near a cell edge monitor the entire resource pools for in- and out-of-coverage communication. 
3. Conclusion

The above solution for resource management for D2D communication while in-coverage could provide an efficient method for D2D communication while maintaining network control of resources. 

Proposal 1. A minimal resource pool is allocated by the eNode B and details of this resource pool are transmitted in System Information.

Proposal 2. An in-coverage UE requests resources for transmission via RRC signalling, which are assigned by the eNode B.

Proposal 3. The transmission resources are announced in the configured resource pool.
Proposal 4. The resource pool for out-of-coverage D2D communication should be predefined.
It is clear that the use of reservation channels (single or multiple) is essential for efficient D2D communication in partial coverage scenarios. UEs would monitor the reservation channel(s), and the reservation messages would direct devices to the appropriate resources to receive transmissions.
Proposal 5. Reservation channels are used to announce D2D transmission resources.

Proposal 6. Two reservation/announcing channels, one for in-coverage and one for out-of-coverage D2D communication, should be defined and monitored by all UEs to enable efficient communication in a partial coverage scenario.
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