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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

[image: image1.wmf] is the number of frequency indices for 

DRBs to reside in a DRP,

 is the number of time indices for DRBs 

to reside in a DRP,

 is the required number of DRPs in a com

plete Type 2B discovery operation 

M

N

K

(

)

with semi-persistently scheduling,

 is the number of distinct UEs transmitt

ing discovery signals in a DRP (),

 is the frequency index of the DRB for t

he -th UE  to transmit signal in the -th

 

l

LLMN

mklk

£´

(

)

DRP,

 is the time index of the DRB for the -t

h UE  to transmit signal in the -th DRP,

 is the index of DRP  in the range {0,1,

,-1}.

l

nklk

kK

L


[image: image2.png]Frequency

Type 2B
Discovery

Type 2B
Discovery
Resources

Resources

Type 2B
Discovery Ui

Resources

Discovery Discovery Time
Period Period
i Ay )
; k=0 . we k=K-1
i -
e





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
2.1 Discussion on Frequency Diversity Gain

In reality, the signal transmission over wireless channel suffers from frequency-selective channel where deep fade occurs while the channel attenuation is large. Figure 3 depicts the power of channel frequency response (CFR) at each subcarrier over the system bandwidth, in which we set a threshold (-10dB) to judge the occurrence of deep fade. Once a UE receives the signal transmitted from another UE over deep fade channel, the signal detection probably fails duo to low signal-to-noise ratio (SNR) at receiver side.
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Figure 3: An illustration of frequency-selective channel referred to [1]
To deal with the issue of deep fade in D2D channel links in Type 2B discovery, it is essential to provide frequency diversity gain by the resource allocation based on the hopping pattern since the discovery efficiency is highly required. In addition, Type 2B discovery is to provide UE-specific service, so we have to ensure that these specific UEs can fairly gain frequency diversity in the design of hopping pattern. In [5], we discuss the essentiality of frequency diversity for Type 2B discovery pattern in detail. 
 In the proposed hopping pattern, we can choose a proper value of p to this end in accordance with the information of coherent bandwidth referred to given channel models. The criterion of choosing the value of p is given as follows. We use 
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Proposal 1: 
The effect of frequency-selective channel cannot be ignored when we design a hopping pattern for Type 2B discovery resource allocation.
2.2 Discussion on Inter-Cell Consistent Collision

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 (MSs) using the same resource pool. That is, a resource pool can be reused by the UEs in the other macro sites (MSs). 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 pattern.
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Figure 3: The corresponding values of r for the resource allocation in the three macro sites
[image: image27.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
Proposal 2: 
The design of Type 2B discovery hopping pattern is supposed to provide the means to deal with the issue of inter-cell consistent collision.
2.3 Discussion on the Configuration of Hopping Pattern
At present, the configuration of hopping pattern for Type 2B discovery resource allocation has not been decided yet. More specifically, there are three possible configurations of DRP in a hopping pattern as shown in Figure 5. In this document, the impact of different configurations on radio resource utilization with respect to LTE system will not be discussed. However, we notice that half duplex constraint in the case M>N is much severer than other two cases. Thus, the design of hopping pattern should provide flexibility to achieve idea discovery performance in respect to half duplex constraint, no matter what the configuration is. Furthermore, since UEs performing Type 2B discovery have to enter in RRC_CONNECTED mode to connect with eNB, the size of hopping pattern is expected to be adjusted by eNB every complete discovery procedure for the efficiency of resource utilization.
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Figure 5: Three possible configurations of DRP in a hopping pattern
Proposal 3: 
The design of hopping pattern shall be flexible to the number of UEs participating Type 2B discovery and the configuration/size of pattern (the distribution of discovery resources in time and frequency).

2.4 Summaries of Proposed Hopping Pattern


In this subsection, we summarize the proposed hopping pattern in the form of pseudo codes as follows. For simplicity, here we omit the subscript 
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 in Equation (1) and Equation (2).
Proposal 4: The algorithm of hopping pattern generation
for k = 0 : K-1


m(k) = [ m(0) + p*k ] mod M ;                  % frequency index

n(k) = [ n(0) + q*k*(m(0)+r) ] mod N ;    % time index
     if ( M > N , k = 2 )

           m’(0) = floor( m(0) / N ) ;

           n(k) = [ n(0) + q*1*( m’(0) + r ) ] mod N ;

    else if ( M > N , k >= 3 )

           if m’(0) >= N

              m’’(0) = floor( m’(0) / N ) ;

              n(k) = [ n(k) + q*1*( m’’(0) + r ) ] mod N ;

              m’(0) = m’’(0) ;

           end

end
end

Recall the results of E-mail discussion [77-19], we have an objective for half duplex described as below:
· The pattern ensures two discovery  resources used by different UEs are at least once not transmitted on the same 
sub-frame. 
In the case M<=N, the objective is achieved at k=1, that is, the 2nd DRP in the proposed hopping pattern. And in the case M>N, the objective is achieved at 
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A simple example of the proposed hopping pattern is illustrated in Figure 6 and Figure 7. In Figure 6, although UE-1, UE-4, UE-7, UE-10, and UE-13 are subject to half duplex at k=0 and k=1, they are able to reside in different subframes at k=2 and k=3. Similarly, we can find the following DRPs with their distribution of DRBs utilization in Figure 7.
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Figure 6: An example of the proposed hopping pattern when p=q=1, r=0 (1/2)
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Figure 7: An example of the proposed hopping pattern when p=q=1, r=0 (2/2)
3. Simulation Results

In this section, we demonstrate the simulation results which display the discovery performance dominated by half duplex only. The metric of discovery performance is the number of UEs discovered as a function of time. Suppose that L UEs participating Type 2B discovery, the maximum number of discovered UEs in total is L*(L-1) which is the ideal upper bound. Here we use p=1, q=1, and r=0 for our proposed hooping pattern [4]-(B) in Equation (1) and Equation (2).

For the configuration of hopping pattern with M>N, we find that the proposed hopping pattern [4]-(B) with the generation algorithm can achieved the idea upper bound as shown in Figures 8-13. The parameter T clearly indicates the required number of patterns to achieve the objective of releasing half duplex constraint for all UEs participating Type 2B discovery. For M<=N, Figures 14-17 show that we can directly use the proposed hopping pattern without the generation algorithm, thus the objective is achieved at T=2. 

Based on these simulation results, we conclude that the proposed hopping pattern with the generation algorithm can deal with any configuration of hopping pattern and any number of UEs participating Type 2B discovery (L<=M*N) with respect to the issue of half duplex.
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Finally, we display the discovery performance based on different hopping patterns in [3] and [4]-(A,B,D,E,F,I,J) for pattern evaluation under half duplex constraint. In Figure 18, the advantage of the proposed hopping pattern with the generation algorithm is very clear in such M>N case. On the other hand, in the cases M=N and M<N, most of hopping patterns reach the ideal upper bound as shown in Figure 19 and Figure 20, respectively.
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Figure 18
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4. Conclusions

This contribution aims to propose a hopping pattern for Type 2B discovery resource allocation. We not only demonstrated the discovery performance of our proposed pattern with respect to half duplex but also discussed the need of frequency diversity for discovery resource allocation and the configuration of hopping pattern. Therefore, we have four proposals as follows:
Proposal 1: 
The effect of frequency-selective channel cannot be ignored when we design a hopping pattern for Type 2B discovery resource allocation.
Proposal 2: 
The design of Type 2B discovery hopping pattern is supposed to provide the means to deal with the issue of inter-cell consistent collision.
Proposal 3: 
The design of hopping pattern shall be flexible to the number of UEs participating Type 2B discovery and the configuration/size of pattern (the distribution of discovery resources in time and frequency).

Proposal 4: The algorithm of hopping pattern generation
for k = 0 : K-1


m(k) = [ m(0) + p*k ] mod M ;                  % frequency index
n(k) = [ n(0) + q*k*(m(0)+r) ] mod N ;    % time index
     if ( M > N , k = 2 )

           m’(0) = floor( m(0) / N ) ;

           n(k) = [ n(0) + q*1*( m’(0) + r ) ] mod N ;

    else if ( M > N , k >= 3 )

           if m’(0) >= N

              m’’(0) = floor( m’(0) / N ) ;

              n(k) = [ n(k) + q*1*( m’’(0) + r ) ] mod N ;

              m’(0) = m’’(0) ;

           end

end
end

And for 
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Appendix: Summary of first part of email discussion [77-19]: 
Type-2B discovery hopping patterns in [4]
Table: Summary of hopping patterns

	Pattern 
	Time-hopping
	Frequency-hopping
	comments

	A 

(Huawei)
	 next_nt = mod(nt + nf, Nt)
	next_nf =  mod (nf + c, Nf)
	c: is floor(Nf/2) or a number close to floor(Nf/2) and relatively prime with respect to Nf

	B

(ASUSTeK)
	next_nt = mod(nt0+q*k*(nf0+r),Nt)


	next_nf = mod(nf0+p*k,Nf)
	p: a positive integer which is relatively prime with Nf,

q: a positive integer which is relatively prime with Nt,

r: an integer which can be chosen as any number in {0,1,...,N-1}.

	C

(Qualcomm)
	next_nt = mod(nt + ñf,Nt)
	nf = ñf/2 if ñf is even

nf = floor(Nf +ñf)/2 if ñf is odd
	next_ñf =  mod(ñf +1,Nf)

ñf: virtual frequency resource index (starting from 0) in the current discovery

	D

(DOCOMO)
	next_nt =mod (nf + nt*Nf + t_shift, Nt)


	next_nf = mod((floor((nf + nt*Nf)/Nt) + f_shift) ,Nf)
	f_shift: cyclic frequency resource shift
    t_shift: cyclic subframe shift

	E

(ZTE)
	next_nt =mod (nf + nt*Nf + p, Nt)
	next_nf = mod((floor((nf + nt*Nf+p)/Nt) ,Nf)
	p can change every period, , i.e., corresponding to the period index

	F

(Samsung)
	       Initial_nt_Pn+1=mod( floor((Initial_nt_Pn*Nf+nf+1) / Nf, 2)

next_nt=Ind mod 2 + 2*ceil((nt+1)/2)
	Initial_nf_Pn+1=mod(Initial_nt_Pn*Nf+nf+1,Nf)

next_nf=floor(Ind/2)

        
	       Ind = Nf-nf-1+(mod(nt,2) * Nf

0≤nt, next_nt <2*floor(log2(Nf))+2
The resource for initial transmission in period n+1 is determined by the resource for initial transmission in period n

	G

(Ericsson)
	nt(p,m) = m*K + mod(p+m*floor(p/K),K)
	f(p,m) = floor(p/K) + L 



(if m even)

f(p,m) = Nf-1 -floor(p/K) – L
(if m odd)
	M: (re)transmissions of each discovery message

L: PUCCH protection resources close to band edges

m=[0,M-1] is the cluster index

p=[0,(Nf-2*L)*K-1] is the pattern index

K=N/M

	H

(NSN ,Nokia)
	Obtained by a combinatorial design
	Obtained by a lookup table
	Within a discovery period:

 a UE is given “m” transmission opportunities (intra-period pattern) derived from a list of possible combinations of selecting “m” out of Nt 

over discovery periods:

 UEs transmit in the same time indices in all discovery periods but discovery resources within a subframe are permuted among UEs

	I

(Inel)
	 next_nt = mod(nt + nf+ t_shiftt, Nt)
	next_nf =  mod (nf + floor(Nf/2)+ f_shift, Nf)
	f_shift = mod(NIDcell,Nf)  and 
t_shift = mod(NIDcell,Nt)  , 
where NIDcell is the physical cell ID of the serving cell.

	J

(LGE)
	next_nt= mod (nt+ nf+ f(nf) , Nt) 

	next_nf =  mod(nf + floor(Nf/2)+ f_shift, Nf)
	f_shift: cell specific frequency resource shift parameter
f(nf)=sum(floor(nf/Nt^z)), z=1,…,i

subject to: Nt^i<Nf



10

_1461145898.unknown

_1469372104.unknown

_1469448077.unknown

_1469461454.unknown

_1469461474.unknown

_1469461483.unknown

_1469461463.unknown

_1469459206.unknown

_1469373371.unknown

_1469373388.unknown

_1469372861.unknown

_1469366805.unknown

_1469370728.unknown

_1469370845.unknown

_1469371285.unknown

_1469370583.unknown

_1468525175.unknown

_1468526765.unknown

_1461145939.unknown

_1461146030.unknown

_1461145908.unknown

_1461145788.unknown

_1461145817.unknown

_1461145845.unknown

_1461145803.unknown

_1461145658.unknown

_1461145666.unknown

_1461145601.unknown

