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1. Introduction
Scheduling and resource allocation is one important aspect that determines the performance of D2D communications because the method of D2D communication scheduling largely impacts on the performance as evaluated in [1]. This contribution discusses the general procedure of D2D communication scheduling and lists several scenario-specific points.
2. General procedure for D2D communication scheduling
The evaluation results in [1] reveal that substantial performance gain can be obtained if D2D communication is scheduled on the basis of pathloss among UEs in order to prevent the resource collision. Here, the resource collision refers to the case where two closely-located UEs use the same time/frequency resources heavily interfering with each other. We note that the pathloss-based resource allocation in [1] was executed in a sequential manner for the transmitter UEs, so the resource collision is avoided because a UE is provided with a resource unit that is not used by the previously allocated UEs locating in its proximity. To be specific, the following twofold resource collision avoidance operates in the scheduling method using the pathloss-based resource allocation with clustering which shows the best performance among the resource allocations considered in [1]:

· Inter-cluster resource orthogonalization: Two resource clusters in the vicinity are assigned orthogonal time resources. In the in-network scenario, this can be interpreted as time-domain resource coordination across neighboring cells. For this operation in the out-network scenario, a method for the synchronization reference UE election and time-resource association is discussed in [2].

· Intra-cluster resource orthogonalization: Two transmitter UEs associated with the same cluster are assigned orthogonal time/frequency resources. 

The remaining parts of this paper focus on how to implement the intra-cluster resource orthogonalization. For this, we propose to use the three-step scheduling method which is the basic resource allocation principle in LTE UL scheduling. This three-step scheduling method requires the definition of the scheduling device which is in charge of allocating each time/frequency resource to a transmitter UE. We note that eNB can play this role whenever possible and, in the out-network scenario, the synchronization reference UE described in [2] can be the scheduling device. We assume that all the transmitter UEs associated are within the one-hop range from the associated scheduling device.
The three-step scheduling method comprises the transmissions/receptions of the three messages illustrated in Figure 1.
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Figure 1. An illustration of the three-step scheduling method for D2D communications.

· Message 1 (MSG1)
This is a request signal transmitted from a transmitter UE to the associated scheduling device. The main purpose of MSG1 is to notify the need for resource allocation as well as to provide some necessary information to the scheduling device. Especially, MSG1 can deliver the location of the preferred resources (i.e., less interfered resources) of each transmitter UE, and this information can be helpful in doing the interference coordination. It is noteworthy that two UEs in the vicinity are highly probable to prefer the same set of resources because they are subject to similar interference environments. Thus, using MSG1 can mitigate the resource wastage which will be caused if two closely-located UEs directly commence D2D transmissions on their preferred resources; the resource collision can be identified by the scheduling device with relatively small resource consumption. In addition, depending on the details of the UE procedure design, it is possible for the other UEs (waiting for the transmissions of their own MSG1s) to update their resource preference by receiving MSG1 of a certain UE; UEs that received MSG1 from a UE can anticipate that new interference will be generated in the resource set preferred by the MSG1-transmitting UE and it will avoid using that resource for their MSG1 transmissions as illustrated in Figure 2. This operation can further reduce the probability that multiple UEs have preference on the same resource. Besides the resource preference, MSG1 can deliver information to assist the scheduling decision including information on the amount of required resources and the transmitter UE ID.
Unless a dedicated resource is assigned, the transmission of MSG1 follows a kind of random access. In order for this scheduling method to be efficient, the size of MSG1 should be small enough to keep low resource overhead. In this sense, LTE PRACH preamble, especially format 4 using only two symbols, can be reused for MSG1 as far as the coverage is not an issue, and the necessary information can be derived by the association to the sequence and time/frequency location of the transmitted preamble.
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Figure 2. An example of updating each UE’s preferred resource by using MSG1.

· Message 2 (MSG2)
This a grant signal transmitted from the scheduling device. When a scheduling device receives multiple MSG1, it performs scheduling in consideration of the embedded information and resource collision avoidance, and then transmits the corresponding MSG2. In the in-network scenario, eNB can use (E)PDCCH for the transmission of MSG2. In the out-network scenario, MSG2 can be information transmitted using the normal D2D broadcast channel or it can appear as the relayed MSG1 with interpreting the information on the preferred resource as the granted resource. To save the resource overhead, multiple subframes can be granted by a single MSG2 transmission.
The collision in the preferred resource can be recognized by the scheduling device which receives MSG1 and is easily solved in the MSG2 transmission. It is noteworthy that, due to the half-duplex constraint, a UE involved in any D2D signal transmissions is unable to assess the link quality of the resource used for the transmissions. This makes it difficult for each D2D signal transmitter to assess the resource collision and interference situation directly from its signal-transmitting resources, and some assistance from the scheduling device by means of MSG2 transmissions will beneficial in resolving this issue.

Another aspect to consider is how to deliver the information on the frequency resource allocation to the receiver UEs. Due to the single carrier property of SC-FDMA which was taken as the working assumption, it is not possible to multiplex the data and bandwidth information at the same time unless the receiver UE blindly detects the bandwidth of each D2D communication channel [3]. This means that each receiver UE should be aware of the bandwidth of the each transmitter’s channel prior to receiving the D2D communication channel. In other words, the signal indicating the frequency resource allocation needs to be transmitted before the D2D communication channel.
An additional benefit of using MSG2 is battery saving. A receiver UE can turn off the receiver circuit until the next scheduling round if no interested D2D communication channel is indicated by MSG2.

· Message 3 (MSG3)
This is the D2D communication signal containing the information the transmitter UE want to transmit. The resource allocation follows those indicated by MSG2, and the remaining control signal for MCS, HARQ, etc. can be piggybacked into MSG3 as discussed in [3]. This structure simplifies the scheduling operation of the scheduling device because the scheduling device only resolves the resource collision without intervening in the detailed transmission parameter decision such as MCS setting and HARQ operations that are autonomously determined at each transmitter UE.
3. Discussion on some scenario-specific points
3.1. Inside network coverage
One issue in the in-network scenario is whether an RRC_Idle UE should be able to participate in the transmission and/or reception of D2D communications. In general, it is desirable to support RRC_Idle UEs in doing D2D communications (especially for D2D broadcast) not to trigger excessive signaling overhead and battery consumption required to be in the RRC_Connected state. If the transmission needs to be supported for an RRC_Idle UE, the three-step scheduling method can be implemented on the basis of LTE RACH procedure: MSG1 is the PRACH preamble and MSG2 is the random access response. We note that even an RRC_Idle UE can use the timing option 1.3 – the timing derived from the PUSCH timing – by following the timing advance command in MSG2. The receiver UEs in the RRC_Idle state can obtain MSG2 from the same random access response, which implies that a common RA-RNTI is used for a group of UEs including transmitters and receivers. We note that UEs in the RRC_Idle state can monitor only a set of DL subframes which potentially transmit the MSG2 without monitoring all the potential D2D communication UL subframes, and energy saving effect can be attained with a proper configuration of these MSG2-subframes (e.g., by overlapping MSG2 subframes with ON-duration of the DRX cycle as much as possible).
If the transmitter UE is in the RRC_Connected state, the D2D scheduling can be based on the LTE UL SPS scheduling. The eNB semi-statically allocates a certain time/frequency resource to the transmitter, and it activates and releases the resource allocation by (E)PDCCH. In this case, the existing scheduling request mechanism can be reused for MSG1 transmission. For the receiver UEs in the RRC_Connected state, dedicated signaling may be used for MSG2 transmission, but the method discussed for RRC_Idle UEs can be used especially for D2D broadcast in order to minimize the signaling overhead.
3.2. Outside network coverage

Differently from the in-network scenario, a UE needs to be elected as the scheduling device in the out-network scenario. As mentioned above, a synchronization reference UE can play the role of the scheduling device. For the partial coverage case, eNB can configure certain in-network UEs to operate as the scheduling device such that at least a part of the D2D transmission parameters used outside the coverage are controlled via the scheduling UEs.
The introduction of the scheduling device in the out-network case is not as straightforward as that in the in-network case. The robustness of the overall scheduling procedure depends on the reliability and coverage of the UE operating as the scheduling device. As discussed in [2], it is desirable to have a finite duration in the scheduling device operation, and the election procedure begins again after the duration. Such an election procedure can mitigate the reliability problem to some extent. On the other hand, the MSG2 transmission may be omitted depending on the collision resolution capability in MSG1 transmission. If the probability of resource collision in MSG1 transmissions can be kept sufficiently low, the benefit of having MSG2 transmission will decrease. This tradeoff needs to be investigated further.
4. Conclusion
This contribution discussed how to schedule D2D communication transmissions. The discussion can be summarized in the following proposals:
Proposal 1: The three-step scheduling method, comprising resource request, resource grant, and communication channel transmission, is further studied for as the general procedure of D2D communication scheduling.

Proposal 2: Inside network coverage, eNB is the scheduling device for the three-step method. RACH procedure can be the basis of the scheduling for RRC_Idle transmitters and receivers. Scheduling for RRC_Connected UEs can be based on UL SPS.
Proposal 3: Outside network coverage, a UE which is elected as the synchronization reference can be the scheduling device. Further study is needed on the collision resolution capability of the resource request and the efficiency of having the scheduling device.
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