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1. Introduction
At RAN1#76 meeting, Mode 1 and Mode 2 of D2D resource allocation are defined [1], while Mode 1 can be used at least in coverage scenario and eNB or RN schedules the exact resources used by a UE to transmit direct data and direct control information with the working assumptions:

· the location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB 

· the location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB 

And there still has a FFS issue as:

· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
Some discussion and proposals of the above FFS issue and further analyses of the scheduling-based resource allocation are discussed in this contribution.
2. Resource Pool for Mode 1
For the D2D resource pool allocation scheme, it is necessary to decide whether the resource pools for data and control resource pool are the same. In the case of control information multiplexing with data channel, data and control would share the same resource pool.
For Mode 1, eNB/RN schedules the exact control and data resource for D2D UE, and transmitting UE indicates the data resource assignment in the scheduled control resource for receiving UEs. Receiving UEs need definite resource pool allocation in order to blind detecting and receiving D2D signal, especially for the UEs in RRC_Idle state. If the control information is multiplexing with data channel resource, albeit with the increased receiver processing to blind decode data each time. On the other hand, separate control and data channels can reduce the burden of blind decoding of data, and thus is more preferable. In this case, resource pools for control and data should be separate.
Since receiving UE should get the indication of the data channel resource scheduled by eNB/RN from the corresponding control channel, the D2D communication data channel resource pool seems to be not essential. However, it should be considered that the data channel resource pool is in need for the case that in coverage UE may relay the resource pool assignment to the out of coverage UE. Even eNB/RN assigns data channel resource pool, it will not restrict the scheduling of data channel resource for in coverage UE for D2D broadcast transmission, so we proposed:

Proposal 1: Control channel resource pool should be independent from data channel resource pool for Mode 1

Proposal 2:  For Mode 1, control channel resource pool should be assigned by eNB/RN at least

3. Scheduling Procedures of Mode 1
D2D communication resource allocation scheme for Mode 1 should reuse the LTE scheduling mechanism as possible. An example of the process of eNB/RN scheduling D2D resource is illustrated in Fig.2：

Step 0. Setting Resource pool (control channel resource pool at least)
Step 1. D2D UE sends the resource request to eNB/RN
Step 2.  eNB/RN assigns the control channel and data channel resource to UE

Step 3. UE transmits control information and data on the assigned channels
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Figure 1 D2D communication process with eNB/RN scheduling 

For the resource request sending by D2D UE, it should be noted that the SR signaling should be separated from the cellular SR, and then eNB/RN schedules available D2D resource for the UE. In order to indicate the resource request is for D2D broadcast, some specialized resources of PUCCH format 1, or other uplink signaling, for example as random access, which can accommodate more payload to convey the data size/period/priority, the number of PRBs needed, the channel condition, UE capability, characteristics of receiving UEs, etc, should be considered.

According to the requirement of resource scheduling, different schemes for the control channel and data channel assignment may be considered. As an example, we describe in the following with the channel structure Scheme 1 in the companion contribution [2].
· Scheme 1

The eNB/RN schedules a control channel and appropriate data channel resources based on the UE’s resource requirement, shows in Fig. 2. With the different character or quantity of transmitting UE resource requirement, eNB/RN assigns data channel resource flexibly. As illustrated in Fig.2, control channel #2 and #5 are scheduled for D2D UEs in period #n, and the relevant data channels #2, #5 are scheduled with different subframes and different size of frequency resource. During a period, several data subframes are available, and the part or all of the subframes can be used for a data channel, as the example, data channel #2 with the 1st and 3rd subframes and channel #5 with all the data subframes in period #n. On the other hand, frequency hopping between subframes for a data channel should be assigned or not, as the data channel #6 is indicated without frequency hopping.

The pros and cons of flexible resource scheduling of eNB/RN like scheme 1 are representative, with the more scheduling flexibility which leads to more efficient resource usage, the higher overhead of control signaling are needed.  
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Figure 2 eNB/RN schedules flexible data channels for UE

· Scheme 2

As mentioned in [3]-[4], a data channel pattern scheme should be considered in order to simplify the scheduling of eNB/RN, and the pattern scheme will give a unified resource allocation for both Mode 1 and Mode 2 [5]. Compares to the flexible scheduling in scheme 1, there is a certain channel pattern with control channel and the relevant data channel which may be pre-defined or assigned by eNB/RN. 

While the channel pattern is pre-defined, eNB/RN schedules a control channel resources to UE, and the data channel need no more indication, UE can use the data channel resource according to the pattern, as in Fig. 3, and the receiving UEs would also achieve the data channel allocation with the pattern without explicit data channel resource indication in control channel. 
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Figure 3 eNB/RN schedules UE with pre-defined data channel pattern

With the channel pattern assigned by eNB/RN, transmitting UE uses the assigned data channel resources and indicates the resource assignment in control channel, and receiving UEs should decode the control information and then obtain the data channel pattern assignment. As an example in Fig. 4, eNB schedules the control channel #2 in period #n, #n+1 with the data channels show in red for UE A, and on the other period, it could assign control channel #2 with the data channels show in green for other UE. The data channel pattern allocation is dynamically scheduled by eNB, and it needs more precise and complex scheduling for the data channel resources and signal overhead.
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Figure 4 eNB/RN schedules UE data channel pattern

Proposal 3: In order to achieve a simplified eNB/RN resource scheduling and a possible uniform operation with Mode 2, a pre-defined channel pattern with control channel and data channel is preferred.
4. Scheduling procedures for edge-of-coverage
In RAN1 #76 meeting, resource allocation for edge-of-coverage was also discussed and it was agreed that resource allocation Mode 2 should be used for edge-of-coverage. Actually, for D2D communication in edge-of-coverage scenario, although D2D receiver may be in out-of-coverage, transmitters are in coverage of eNB and it is more reasonable to allocate resources for D2D communication like Mode 1, i.e. resources used for control information and data transmission can be allocated by eNB, and resource efficiency may be improved due to the controllable resource usage. The scheduling procedure can be same as descript in Fig. 1.
Proposal 4: Mode 1 should also be supported for edge-of-coverage scenario.
5. Summary
In this contribution, scheduling-based resource allocation for D2D communication was discussed and we have the following proposals:
Proposal 1: Control channel resource pool should be independent from data channel resource pool for Mode 1.
Proposal 2:  For Mode 1, control channel resource pool should be assigned by eNB/RN at least.
Proposal 3: In order to achieve a simplified eNB/RN resource scheduling and a possible uniform operation with Mode 2, a pre-defined channel pattern with control channel and data channel is preferred.

Proposal 4: Mode 1 should also be supported for edge-of-coverage scenario.
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