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1. Introduction
In RAN #76 [1][2] meeting, the following has been agreed on resource scheduling for D2D communication:
For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE.

The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content.
In this proposal, we discuss the payload contents of Scheduling Assignment message. 

2. Scheduling Assignment Design

From the perspective of a D2D transmitter, broadcast communication involves two steps. In the first step, the transmitter sends Scheduling Assignment (SA) that contains pointers to the time-frequency location of data resources. In the following step, the transmitter sends data in the resources configured by the SA.

SAs are transmitted in pre-configured resource pool, whose location is known a priori to the transmitters as wells as receivers. Each transmitter picks resource(s) within the provisioned resource pool and transmits its own SA. For in-coverage case, eNodeB may dynamically allocate resource pool for transmission of SAs. In out-of-coverage case, the location of resource pool may be pre-configured. For example, SA resource pool may be allocated in the sub frame carrying D2DSS [2]. The exact resources for SA transmission within the resource pool may be autonomously chosen by the transmitter.

As discussed above SA resource pools may be provisioned in periodic sub frames. The periodicity of SA subframes is an important design parameter that needs to be studied. The control overhead and the receiver energy consumption increases with decrease in the period. A choice of longer period may result in larger initial access delay as the transmitter cannot send data until the corresponding SA being transmitted. The periodicity of SA resource pool must be designed considering this trade-off.

D2D may support various traffic types. In the case of VoIP traffic, where packets are generated in semi-periodic fashion, semi statically allocating resources may be preferred. On the other hand, for short message bursts, the resource allocation may be valid only for a shorter duration. If a validity period is assigned to the allocation specified by a SA, then both types of resource allocation can be handled by suitably choosing the validity period. The validity period may be expressed in multiples of SA period.

As the transmitters are independently and autonomously choosing SA resources from a pre-configured resource pool, collision of SA transmissions may happen. When there is a collision, the receiving devices within the range of both of these transmissions may fail to decode the SAs. Furthermore, neighbouring transmitters may miss each other’s SA, if they send their SAs in the same sub frame. The chances of decoding an SA can be improved by transmitting it multiple times. Receivers will need to distinguish between the original and duplicate SA copies. The validity period may serve that purpose as well.

The figure below provides an illustrative example of Scheduling Assignment transmissions of three transmitters.
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Figure 1:  Scheduling Assignment transmissions
3. Scheduling Assignment Payload

We propose the contents of SA based on the discussion in the previous section. SA assignment message may contain the following fields,

1. A bit sequence pointing to the data resource locations in time

2. Validity period of the SA message

The sequence points to the sub frames carrying the broadcast transmitter’s data within an SA period, the time interval between any two consecutive SA sub frames. 

The same resource allocation pattern is repeated in all the consecutive SA periods for certain time duration for which the pattern is valid. This is referred to as a validity period, and it is expressed in multiples of SA period. The location of data resources in time are derived using both the sequence and the validity period together. The devices interested in the receiving the transmission may adjust their wake-up instances to read the data resources and in turn may save energy. In the duplicate copies of SAs, suitably adjusted validity period may be included

SA message may implicitly carry the following information, 

1. The location of data resources in frequency

2. Physical layer identity of the transmitter/receivers

The frequency location of data resources can be implicitly indicated through the frequency location of SA.  We may define a mapping from the frequency location of SA resource to a Resource Block Group (RBG). The RBG may be virtual group of resource blocks which may be further mapped to a contiguous set of physical resource blocks. Multiple frequency locations within a SA resource pool may point to the same RBG. A transmitter sending data in an RBG selects a SA resource corresponding to the RBG and transmits its SA. Here, we make an implicit assumption that for all transmissions within an SA period, a transmitter picks the same RBG. We believe that the above assumption helps in reducing scheduling complexity without compromising the performance.

According to RAN assumption, all D2D communications are treated as broadcast transmissions in physical layer. Hence, SA may not explicitly carry transmitter or receiver identities. However, a receiving device may be able to derive physical layer identities of the transmitter or/and receiver(s) from the DMRS transmitted within SA resource blocks. The receiver may use this information to avoid undesired communications and may save energy.

4. Summary
We propose the following in this contribution
1. SA assignment message may contain the following fields,

a. A sequence indicating data resource locations in time

b. Validity period of the SA message

2. SA message may implicitly carry the following information, 

a. Resource allocation in frequency

b. Physical layer identity of the transmitter/receiver(s)
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