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1 Introduction
LTE D2D was agreed to be WI in RAN#63[1]. According to the WID[2] approved in the meeting, the objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. And one of the particular objectives is:

2) Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

a) Distributed resource allocation mechanisms from allocated resource pool(s), for D2D discovery and broadcast communication [RAN1, RAN2] 

b) eNB resource allocation mechanisms, for D2D discovery and broadcast communication [RAN2, RAN1]

In this paper we will give our views on resource allocation mechanism for type 2B discovery.
2 Resource hoping
For type 2B discovery, the resource block (RB) for a certain UE is semi-statically configured by eNB. It is expected that type 2 discovery manner can provide contention-free discovery resources so as to achieve low latency discovery among UEs. Because of the half-duplex constraint, UEs transmitting discovery message in the same subframe will not discover each other. So It is desirable to design the resource hoping pattern to overcome the half-duplex constraint and at the same time to minimize the time needed to guarantee  all the UEs within the cluster may have chance to discover each other. 
Let M RBs in one subframe, and then there may be at most M UEs transmitting discovery messages in one subframe. The resource hopping pattern should firstly be designed to minimize the time needed to implement the mutual discovery among these M UEs. This requires that the discovery message transmission resources for these UEs can be separated into different subframes within minimal time. Just as what is shown in Figure 1, where the numbers refer to the resources for different UEs, M UEs transmit discovery message in subframe i, if according to some resource hopping pattern, resources for X UEs are allocated in subframe i+1 and resources for Y UEs in subframe i+2. Then after one time resource hoping, each UE in subframe i+1/ i+2 can discover Y/X UEs in subframe i+2/ i+1 (the assumption is each UE can detect all discovery messages successfully) and X×Y times of discovery can be achieved. 
Note that:

X×Y = X× (M-X) =-X2+X(M

Assuming M is integer multiple of 2, then the value of X×Y can be maximized when X=Y=M/2. 
Based on the analysis above we can see that the resource hopping pattern will impact the discovery among UEs. If the UEs transmitting discovery message in the same subframe can be separated equally into different subframes (X=Y) following a resource hoping pattern, then the number of discovery implemented among the UEs can be maximized.
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Figure 1 Illustration of resource hopping
The resource hopping pattern based on equal separation principle can also be applied to both subframe i+1, i+2 and all other following subframe, until any couple of M UEs have at least one chance to transmit discovery message in different subframes. It can be deduced that if M is integer multiple of two, after log2(M) times of resource hoping (occupying 2×log2 (M) subframes, we name them as a hopping cycle) the mutual discovery between any couple of UEs can be guaranteed. And if the cluster size is 2×M, then any two UEs within the cluster can have at least one chance to discover each other over 2× log2 (M) subframes. One example with M=4 and cluster size equal to 8 is illustrated in Figure 2. From the example we can find that after 6 subframes, any two UEs can have at least one chance to discover each other. 
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Figure 2 Resource hopping example with M=4
In general, if the current resource used by a UE for discovery message transmission is (i, j), where i and j are the resource index in frequency and time domain respectively,  then the resource index for the next transmission can be derived by:
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Where m and n are the frequency and time domain index of the next resource respectively, and 0≤i,m ≤M-1, 0≤j, n ≤2× log2 (M)+1.
Proposal 1: 

· To minimize the mutual discovery time among UEs within a cluster should be one of the targets for discovery resource hopping design.
3 Inter hopping cycle operation
From the example given in Figure 2 we can observe that after a hopping cycle the resource allocation pattern will turn back to the initial transmission, as illustrated in Figure 3. In addition, from the example we can observe that UE 3 and UE 4 always transmit discovery messages in different subframes; however UE 0 and UE 1 only transmit discovery messages in separate subframes in the first hop. That means the numbers of discovery chances between different couples of UEs are not even. 
To resolve the issue, eNB can re-allocate resources for each UE within the cluster at the beginning of every hopping cycle. In this way eNB can intentionally give the UEs that may interest to each other (such as public safety UEs) more mutual discovery chances in one hopping cycle; or to make the number of discovery chances between any couples of UEs approximate.
Proposal 2: 

· The numbers of discovery chances between different couples of UEs are not even, eNB can re-allocate resources at the beginning of every hopping cycle can be used to resolve this issue.
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Figure 3
4 Conclusions

We provide our views on resource allocation for type 2B discovery, we have the following proposals:
Proposal 1: 

· To minimize the mutual discovery time among UEs within a cluster should be one of the targets for discovery resource hopping design.
Proposal 2: 

· The numbers of discovery chances between different couples of UEs are not even, eNB can re-allocate resources at the beginning of every hopping cycle can be used to resolve this issue.
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