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1. Introduction
Type 2B discovery procedure has been defined in future D2D-enabled LTE systems [1]. The objective of this contribution is to propose a hopping pattern design for Type 2B discovery resource allocation.
In RAN1#76 meeting, an agreement is shown as follows:

· For Type 2 discovery:

· UEs transmit their discovery signals and receive discovery signals from other UEs subject to half duplex 

constraint.
In RAN1#76bis meeting, an agreement for the resource allocation is shown as below:
· Mechanisms for Type 2B discovery
· A resource hopping mechanism following the resource allocation by eNB can be applied.

· FFS details of resource hopping mechanism
· Others FFS
In RAN1#77 meeting, an agreement for the property of hopping pattern is shown as follows:
· The time-frequency hopping pattern(s) used for Type 2B discovery is/are deterministic.

In the E-mail discussion [77-19], the following results are regarded as the baseline for pattern analysis in this meeting. 
· The following criterion shall be considered for the purpose of selecting a hopping pattern for type 2B discovery : 

· For half duplex, the pattern ensures two discovery  resources used by different UEs are at least once not 

transmitted on the same sub-frame. 
· The following performance metrics shall be used: 

· Number of UEs discovered as a function of time (system-level metric).
· Other metrics can be considered additionally, for example,
· The statistics of the fraction of times any two discovery messages transmitted by different UEs within the 
same reception pool occur on the same sub-frame.
· WAN performance loss caused by the cellular spectrum fragmentation in a discovery subframe.
2. Proposed Hopping Pattern 
We use the following three terms in the time-frequency resource structure.
· Discovery resource block (DRB):

A DRB is the basic unit of resource for one UE discovery signal transmission, whose size is equal to a PRB pair in a subframe.
· Discovery resource pattern (DRP):

A DRP is a collection of DRBs in which each of the UEs participating Type 2B discovery is assigned to exactly

one DRB.
· Discovery period:
A discovery period is the required time interval of one DRP transmission, which is a periodicity of resources used for 

reception of discovery transmission from a cell [2].
As displayed in Figure 1, we define the following parameters that
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Figure 1: Time-frequency resource structure

A design of hopping pattern for Type 2B discovery resource allocation is proposed to deal with the four issues as below:

· Half duplex constraint;
· In-band emission;

· Frequency diversity gain;

· Inter-cell consistent collision.

The design principle is to rotate usage of DRBs in both time and frequency indices so that every UE naturally gets opportunities to be exposed to other UEs despite the aforementioned impediments. Our proposed hopping pattern is defined as
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Figure 2 gives an illustration of proposed hopping pattern depending on Equation (3) and Equation (4).
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Figure 2: An illustration of proposed hopping pattern
We further consider the issue of inter-cell consistent collision. To cope with this impediment in Type 2B discovery, the values of r in the Equation 2 are chosen to be different for the resource allocation of the UEs transmitting signals in the macro sites using the same resource pool. That is, a resource pool can be reused by the UEs in the other macro sites. Take a simple scenario as shown in Figure 3 for example, UEs transmitting signals in MS1, MS2, and MS3 use the same resource pool. The numbers in the hexagons in MS1, MS2, and MS3 denote the corresponding values of r for their resource allocation. With the parameters M=N=K=3, L=9, and p=q=1, Figure 4 depicts the corresponding distribution of DRBs utilization based on the proposed hopping mechanism.
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Figure 3: The corresponding values of r for the resource allocation in the three macro sites
[image: image17.png]Frequency

5 771 r=2 for MS3

Frequen;:gf ; i

4
7
Frequenv,é/y
112
4|1 5|6 11213 917 |8
71819 6| 4|5 11213

Il
—
byl
Il
[\

k k

Il
(=]




Figure 4: The distribution of DRBs utilization for the three macro sites using the same resource pool
3. Simulation Results

In this section, we compare different resource hopping mechanisms proposed in [3] - [6] with our proposed mechanism by computer simulation. The simulation parameters are listed in Table 1. The metric of discovery performance is the average number of UEs discovered as a function of time. In the following simulations, we use 
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First, consider a common setting (
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) as used in Type 1 discovery, we evaluate the discovery performance for 150 UEs participating Type 2B discovery in a sector with layout option 1. As shown in Figure 5, our proposed hopping mechanism outperform all other mechanisms when 
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 is chosen as 13. Next, for 450 UEs participating Type 2B discovery in three sectors with layout option 3, our proposed mechanism demonstrates much better performance than all other mechanisms when 
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 is chosen as 13 as shown in Figure 6. Furthermore, as the viewpoint proposed by [3], the size of DRP may be adjusted every discovery session, depending on the number of UEs participating Type 2B discovery. Thus, Figure 7 gives the discovery performance when the shape of DRP is squared (
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), where our mechanism has a similar performance with the mechanism in [6] when 
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 is chosen as 5. Also, Figure 8 displays the discovery performance when the number of subframes is more than the number of frequency indices of DRBs in a DRP (
[image: image26.wmf]NM

>

).

The value of 
[image: image27.wmf]p

 is FFS. In our current simulations, we observe that a 
[image: image28.wmf]p

 chosen between 
[image: image29.wmf]4

M

 and 
[image: image30.wmf]34

M

 that is relatively prime with 
[image: image31.wmf]M

 usually gives a good performance.


In summary, the simulation results shown in Figures 5 - 8 indicate that our proposed hopping mechanism is an ideal candidate for Type 2B discovery resource allocation when 
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 is properly chosen.
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Figure 5: Discovery performance in a sector
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Figure 6: Discovery performance in three sectors
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Figure 7: Discovery performance for squared DRP in a sector
[image: image36.jpg]Average number of discovered UES

=16,L = 128, Option 1

—6— Propased Happing Meshaniem (p
% Hopping Meshanism in 3]
7 Happing Mechanism in [4]
—&— Hopping Meshanism in [5]
—#— Hopping Meshanism in 6]

B 4 5 6 7 8
Number of DRPS in a Type 28 disovery session

0




Figure 8: Discovery performance for DRP with 
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4. Conclusions

This contribution aims to propose a resource hopping mechanism for Type 2B discovery to deal with half duplex constraint, near-far problem causing the in-band emission, and deep fade in D2D channel links jointly. Based on the simulation results, we have a proposal as follows:
Proposal 1: 
The proposed hopping mechanism is an ideal candidate for Type 2B discovery resource allocation when 
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 is properly chosen, which is given as below:
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Observation: 
The value of 
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 is FFS. In our current simulations, we observe that a 
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