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1. Introduction
According to the study item [1] for LTE decive-to-device (D2D) proximity services (ProSe), the objective of this contribution is not only to propose the viewpoints of resource hopping for Type 2B discovery but also to give a resource hopping method for practical implementation.
Recall RAN1#73 meeting, two types of discovery procedure were agreed [2], which can be shown as follows:
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific
 basis.
· Note: Resources can be for all UEs or group of UEs.
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific
 basis.
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals.
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission.

It is worth noting that the discussion results for Type 1 discovery in previous meetings may be applied to Type 2 discovery as well. In RAN1#74 meeting, the following items with respect to type 1 discovery have been agreed [3]: 
· Period uplink resources are allocated for discovery in a semi-static manner.
· For in network allocation can be performed using RRC signaling.
· Discovery resources within one period of the allocation are divided into time-frequency resources.
· Division can be at least FDM and/or TDM.
· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint. 
· Discovery transmissions can use a message of x bits and/or sequences.
· Sequences can be based on PRACH, SRS, and/or PSS/SSS.
· Configurations using either or both of message or sequences are FFS.
· FFS if the signal transmitted is SC-FDM or OFDM.
In RAN1#74bis meeting, the working assumptions for the resource allocation of discovery [4] are listed as follows:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, 

and FFS a number of PRBs.
· The number of discovery subframes and the discovery period may be semi-statically configured at least when in 

coverage.
· Individual discovery message transmission resources are not CDM.

· All individual discovery message transmission resources are the same size.
To distinguish between Type 1 and Type 2 discovery, there was a WF on resource allocation for discovery [5] in RAN1#75 meeting as shown as follows: 

· Both Type 1 and Type 2 discovery are supported.

· For Type 2, the resource allocation uses at least dedicated RRC signalling. 
· Resources used for Type 2 discovery transmission are different than resources used for Type 1 transmission.
On these grounds we aim at Type 2B discovery for the sake of its necessity.
The detailed account of the use of Type 2B discovery is presented in [6]. It also gives suggestion about Type 2B resource configuration. In this contribution, we mainly focus on the design of resource hopping method depending on the issues of discovery signal transmission. 
The rest of this document is organized in the following way. Section 2 describes that it is essential to take half-duplex constraint, near-far problem, and deep fade in D2D channel links into account jointly for the resource allocation of D2D discovery signals. Then, section 3 displays our proposal method of resource hopping to deal with these three issues in a view of practical implementation. Finally, section 4 summarizes our proposals.
2. Issues of D2D Discovery Signal Transmission 
The resource allocation of D2D discovery signal transmission is subject to the following issues: 
1) Half-duplex constraint: 

Any UE participating D2D discovery does not transmit its signal and receive signals from other UEs at the same time. 

Figure 1 simply depicts two conditions, where the left-side condition is subject to the constraint and the right-side condition gives an opportunity that two UEs are able to receive discovery signals from each other.  
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Figure 1: Half-duplex constraint considerations
To resolve half-duplex constraint, we expect that there exists a discovery resource pattern (DRP) such that any two UEs transmit discovery signals at different subframes.
Proposal 1:
To resolve half-duplex constraint, there exists a discovery resource pattern (DRP) such that any two UEs transmit discovery signals at different subframes.
2) Near-far problem (RF blocking):

Suppose that there are three UEs (UE1, UE2, and UE3) participating D2D discovery in the ProSe coverage as shown in figure 2, where d2
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d1. UE3 receives two signals transmitted from UE1 and UE2 with FDM. UE2 is much closer to UE3 than UE1. Because the power of signal received at UE3 is not controlled by eNB or virtual eNB and is determined by UE-UE relative distance, the signal from UE2 may either drown (block) the signal from UE1 or cause severe interference to the signal from UE1 if the their discovery signals are allocated adjacently as illustrated in figure 3. We call this phenomenon near-far problem (RF blocking). 
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Figure 2: Basic scenario of near-far problem
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Figure 3: Blocking and severe interference
In order to avoid near-far problem, we expect that there is an opportunity satisfying either the left-side condition or the right-side condition of figure 4 instead of the adjacent allocation shown in figure 3. The left-side condition means that even if two UE transmit discovery signals at the same time, they are separated far enough on frequency locations. The right-side condition means that two UE transmit discovery signals at different subframes ensuring no blocking or severe interference to each other.
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Figure 4: Two possible conditions that avoids near-far problem
Proposal 2:
To resolve near-far problem, for any UE receiving discovery signals, there exists a discovery resource pattern (DRP) such that any other two UEs transmit discovery signals at different subframes or at the same subframe but not adjacent on frequency locations.
3) Deep fade in D2D channel links:

UE transmitting discovery signal on the channel may encounter deep fade (i.e. the channel attenuation is large) resulting in the failure detection of other UEs.
Figure 5 gives an example that if there is only one opportunity of transmitting discovery signal, it may suffer deep fade causing the failure detection of the discovering UE. Otherwise, multiple opportunities of transmitting discovery signal on different frequency locations provide frequency diversity gain so that the possibility of success detection can be enhanced significantly.  
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Figure 5: Suffering deep fade in D2D channel link
To resolve deep fade in D2D channel links, we expect that there exists two discovery resource pattern (DRP) such that any UE can transmit discovery signal on different frequency locations.
Proposal 3:
To resolve deep fade in D2D channel links, there exists two discovery resource pattern (DRP) such that any UE can transmit discovery signal on different frequency locations. 

In order to enhance the overall ability of D2D discovery, we propose to take these three issues into account jointly.
Proposal 4:
Take half-duplex constraint, near-far problem, and deep fade in D2D channel links into account jointly for the resource allocation of D2D discovery signals.
3. Method of Resource Hopping for Type 2B Discovery
Based on the three issues given above, we propose a method of resource hopping for Type 2B discovery. In view of time-frequency resource structure, we first define the following two items:

a) Discovery resource block (DRB): 
The size of a DRB is pair-PRBs in a subframe, which is the basic unit of resource for one UE discovery signal transmission.
b) Discovery resource pattern (DRP):
A DRP consists of several DRBs, i.e., a DRB is an element of DRP.
Figure 6 is to illustrate the relation between these two items.
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Figure 6: The relation between DRB and DRP.
The concept is to generate hopping resource patterns based on the original resource pattern in the rule of the following two equations:
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Notice that 
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 represent the original DRP and the generated hopping DRP, respectively. 
Proposal 5: 

We can choose the frequency index 
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Figure 7 is to illustrate an embodiment of this method. The capital letters denote different DRBs occupied by different UEs' discovery signals. In this figure, there are four distinct DRPs with 
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Figure 7: An embodiment of the method for M=N=4

Figure 8 presents five distinct DRPs with 
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Figure 8: An embodiment of the method for M=N=5
Even the case of 
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) as shown in figure 9, the rule of the two equations is still available.
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Figure 9: An embodiment of the method for M=5, N=2
The order of generated hopping DRPs can be interchanged. In addition, there are 
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 DRPs. 
Consider the row of original DRP satisfying 
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Figure 10: An embodiment of the method for M=3, N=2
After altering the sequence of DRB_A and DRB_B in the first generated hopping DRP (
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) as shown in figure 11, there is an opportunity that the UE in DRB_A is able to receive the discovery signals transmitted from the UE in DRB_E. 
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Figure 11: An embodiment of the method for M=3, N=2
Proposal 6: 
Due to the hopping limitation caused by half-duplex constraint, introduce the probability of altering sequence to some DRBs when generating hopping resource patterns if needed. 
D2D discovery is to adopt UL resource (UL spectrum for FDD and UL subframes for TDD), there may exist VoIP requirement or any other cellular UL extra needs. VoIP requires the overall end-to-end delay (from UE to UE) below the certain time value. For this reason, a suitable solution is to semi-persistently intersperse small number of cellular UL subframes among contiguous discovery subframes. Figure 12 illustrates that this concern does not affect the utilization of the rule of two equations shown above, that is to say, the DRBs in a DRP are not constrained by continuity.
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Figure 12: Intersperse cellular UL subframes among contiguous discovery subframes
4. Conclusions
This contribution aims to not only propose the viewpoints of resource hopping for Type 2B discovery but also to give a resource hopping method for practical implementation. Based on the discussions and analyses stated above, we have made the proposals as follows:
Proposal 1: 
To resolve half-duplex constraint, there exists a discovery resource pattern (DRP) such that any two UEs transmit discovery signals at different subframes.
Proposal 2:
To resolve near-far problem, for any UE receiving discovery signals, there exists a discovery resource pattern (DRP) such that any other two UEs transmit discovery signals at different subframes or at the same subframe but not adjacent on frequency locations.
Proposal 3: 
To resolve deep fade in D2D channel links, there exists two discovery resource pattern (DRP) such that any UE can transmit discovery signal on different frequency locations. 

Proposal 4:
Take half-duplex constraint, near-far problem, and deep fade in D2D channel links into account jointly for the resource allocation of D2D discovery signals.
Proposal 5: 

We can choose the frequency index 
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Proposal 6: 
Due to the hopping limitation caused by half-duplex constraint, introduce the probability of altering sequence to some DRBs when generating hopping resource patterns if needed. 
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