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1. Introduction
For Type 2B discovery pattern evaluation [1], in addition to the aspect of half duplex, the effect of frequency-selective channel which affects the discovery performance is also supposed to be taken into consideration in reality. In this contribution, we discuss on the essentiality of frequency diversity, which can be benefited from the design of hopping pattern for Type 2B discovery resource allocation.
2. Discovery Resource Allocation with Frequency-Selectivity 
In reality, the signal transmission over wireless channel suffers from frequency-selective channel where deep fade occurs while the channel attenuation is large. Figure 1 depicts the power 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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Cluster# | Delay [ns] Power [dB]
1 0 -6.7
2 10 15 10 -4.9 -7.1 -8.9
3 20 -1.9
4 35 -6.3
5 40 45 50 -3 =52 -7
6 55 =75
7 55 -6.4
8 200 -10.8
9 205 =52
10 250 -4.9
11 330 -9.2
12 440 -15.5
13 440 -16.7
14 515 -12.4
15 530 -16.9
16 580 -12.7
17 590 -23.5
18 625 -22.1
19 730 -23.6





Figure 1: An illustration of frequency-selective channel referred to [2]

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 Type 2B discovery, every UE exactly utilizes one discovery resource block for one shot transmission in a discovery pattern. If a UE transmitting discovery signal encounters deep fade channel, it results in the failure detection of other UEs. To avoid this defect, multiple opportunities of transmission on different frequency locations in different discovery patterns provide frequency diversity gain so that the possibility of successful detection can be enhanced significantly. Therefore, we expect that there exists two Type 2B discovery patterns such that any UE can transmit discovery signal on different frequency locations as illustrated in Figure 2.
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Figure 2: An illustration of deep fade for discovery resource allocation
Proposal 1:
To deal with the issue of deep fade in D2D channel links arising from frequency selectivity, there exists two Type 2B discovery patterns such that any UE can transmit discovery signal on different frequency locations. 
3. Analysis on the Design of Type 2B Hopping Pattern

In this section, the objective is to argue that the design of Type 2B hopping pattern cannot just be evaluated by the aspect of half duplex. Frequency-selectivity of wireless channel is a natural phenomenon that cannot be ignored. Thus, any design of Type 2B hopping pattern should be able to deal with this issue and so provide frequency diversity. 

In the following simulations, we only adopt the outdoor-to-outdoor (O2O) channel model defined in [2] in order to clearly demonstrate the effect of frequency-selective channel with respect to discovery resource allocation. The simulation parameters are listed in Table 1. The metric of discovery performance is the number of UEs discovered as a function of time. Note that every D2D link has its own generation of fast fading channel in the simulation and also be subject to half duplex constraint. Besides, we use q=1 and r=0 for the proposed hopping pattern in [3] with the generation algorithm.

To verify the merit of frequency diversity on discovery performance, a power threshold of CFR is regarded as the criterion to judge the occurrence of deep fade in all D2D channel links. If the deep fade occurs, we say that the UE receiver cannot discover the UE transmitter. With frequency diversity, the power of average CFR of a resource block on different frequency locations in different patterns can be averaged so that the probability of successful detection can be enhanced significantly, that is, the effect of deep fade leading to low SNR at receiver side can be avoided.  

Figures 3-5 show that the discovery performance of the proposed hopping pattern differs from the variation of p. The criterion of choosing a proper value of p is described in [3]. In these figures, they obviously demonstrate that the value of p dominates the efficiency in Type 2B discovery procedure, that is, the range of frequency hopping determines the probability of successful detection at receiver side. 

In Figures 6-8, we analyze the discovery performance of different hopping patterns affected by half duplex and frequency-selective channel. Compared with the proposed hopping patterns in [4] and [5]-(A, D, E, F, I, J), our proposal in [3] / [5]-(B) assures that there exists two discovery patterns such that any UE can transmit discovery signal on different frequency locations. Moreover, even though the opportunity of discovery signal transmission increases, the proposed hopping pattern can still improve the performance since it makes UEs to transmit on diverse frequency locations in the following generation of the patterns. Some of existing hopping patterns only support two possible frequency locations for one UE discovery signal transmission, which lead to the form of flat ceiling in Figures 6-8.

In summary, the proposed hopping pattern not only adapt to the configuration of hopping pattern for half duplex but also be more robust to frequency-selective channel than all the other hopping patterns.
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
	
	Outdoor-to-outdoor (O2O)

	UE drop
	Uniform drop; one cell with ISD=500m (UE drop is generated every trial)
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	LOS probability [6]
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 where d is the distance between two UEs in meter.

	Fast fading [7]
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Cluster®, Dc]av [ns] Power [dB]
1 0
2 30 35 [40 [-156][-17.8] -10.6
3 85
4 135|140|145 -158|180|198
5 160 20.7
6 105 173
7 210 218
s 255 177
9 280 216
10 340 23.0
11 360 245
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	Channel generation
	rayleighchan( 1/(15.36MHz) , 0 , delay vector ,  power vector ) in Matlab



	Deep fade threshold
	-10dB, 

i.e., deep fade occurs if

the average power of CFRs in a resource block (12 subcarriers)  < deep fade threshold


Table 1: Simulation parameters

Proposal 2:
In addition to the aspect of half duplex, the effect of frequency-selective channel which affects the discovery performance is also supposed to be taken into consideration for Type 2B discovery pattern design.
4. Conclusions

This contribution aims to discuss the essentiality of frequency diversity for Type 2B discovery pattern design. Based on the simulation results, we have two proposals as follows:

Proposal 1:
To deal with the issue of deep fade in D2D channel links arising from frequency selectivity, there exists two Type 2B discovery patterns such that any UE can transmit discovery signal on different frequency locations. 
Proposal 2:
In addition to the aspect of half duplex, the effect of frequency-selective channel which affects the discovery performance is also supposed to be taken into consideration for Type 2B discovery pattern design.
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Appendix: Summary of first part of email discussion [77-19]: 
Type-2B discovery hopping patterns in [5]
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
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