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1 Introduction
In the email discussion thread [77-19] up to 10 hopping patterns were put forward by companies [1], and in the subsequent email discussion, the following metrics were agreed for the evaluation of the patterns:
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. 

In this paper we will compare the patterns in terms of the metrics.
2 HD resolution
The hopping patterns included in [1] can be categorized into two groups according to if the HD issue is resolved within one discovery period or not. The Group 1 comprises pattern F, G and H, which are designed in a way to resolve HD issue completely within one discovery period. And the Group 2 include all the other patterns, in which some kind of inter discovery period hopping methods are exploited to resolve HD issue and to mitigate IBE issue meanwhile. 
Obviously, any two discovery resources provided by the patterns in Group 1 are not entirely overlapped in time domain (pattern G needs Nf≤Nt). For convenience, we will call the discovery resource that not entirely overlaps with any other discovery resource in the same resource pool as HD free discovery resource. For the patterns in Group 2, we simulated their performance under different resource pool configurations, and the numbers of hidden discovery resource pairs in each discovery period are calculated. The concept of hidden discovery resource pairs in discovery period p refers to a couple of discovery resources that always fall into same subframe from period 0 to period p. The results are summarized in Table 1. 
Table 1 Number of discovery resource pairs fall into the same subframes, Nf*Nt=22*5/22*8/22*10
	Patterns
	Discovery period 1
	Discovery period 2
	Discovery period 3
	Discovery period 4
	Discovery period 5

	A
	190
	160
	140
	75
	48
	30
	40
	16
	0
	20
	8
	0
	0
	0
	0

	B
	190
	160
	140
	190
	160
	140
	190
	160
	140
	190
	160
	140
	190
	160
	140

	C
	190
	160
	140
	170
	144
	120
	150
	128
	100
	135
	112
	90
	120
	96
	80

	D
	190
	160
	140
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	E
	190
	160
	140
	5
	0
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0

	I
	190
	160
	140
	70
	48
	20
	70
	48
	20
	70
	48
	20
	70
	48
	20

	J
	190
	160
	140
	50
	64
	20
	50
	64
	20
	50
	64
	20
	50
	64
	20


Form the simulation results it can be observed that pattern D can resolve the HD issue between any couple of discovery resources within 3 discovery period (2 times of resource hopping), followed by pattern E, the other patterns either need more discovery periods to resolve HD issue completely or fail in HD resolution (reach the floor).
Observation 1: 
· The discovery resources provided by the patterns of Group 1 are HD free.

· For the patterns of Group 2, pattern D and E perform better in terms of HD resolution.

To further compare the patterns of Group 1 and the pattern D and E of Group 2 on HD resolution, we propose to introduce the number of HD free resources that can be provided by a pattern under given number of discovery subframes as a supplementary metric. The metric can reflect how many discovery subframes are needed to accommodate a given number of type 2B UEs with a way satisfying the criterion for half duplex. The pattern that needs fewer subframes is beneficial to reduce the impact to uplink transmission in WAN. Let the size of resource pool in time domain be Nt, and the transmission time of each discovery signal be k, in each discovery subframe at most B PRBs can be used for discovery signal transmission, and each discovery resource consists of 2 PRBs in frequency domain. In case pattern D or E is used, we assume that the hopping method defined by the pattern is applied within the pool to determine the resources for each (re)transmission. Note that to resolve HD issue completely with k time of (re)transmission, the following condition is needed for the pattern D and E: 
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. Then the numbers of HD resources provided by the patterns can be expressed with formulas in Table 2.
Table 2Number of HD free resources provided by pattern D/E, F, G and H

	Patterns
	Number of HD free resources

	D and E
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For easy comparison, we listed the numbers of HD free resources provided by pattern D/E, F, G and H under some configuration in Table 3 with B=44.

Table 3 Number of HD free resources provided by pattern D/E, F, G and H
	Patterns
	Nt=6
	Nt=8
	Nt=10
	Nt=12

	D and E
	9 (Nf=3,k=2)
	16 (Nf=4, k=2)
	25 (Nf=5, k=2)
	64 (Nf=16,  k=3)

	F
	16 (Nf=8, k=3)
	32 (Nf=16, k=4)
	44 (Nf=B/2, k=5)
	-

	G
	9 (Nf=3, k=2)
	16 (Nf=4, k=2)
	25 (Nf=5, k=2)
	36 (Nf=6, k=2)

	H
	20 (Nf=10, k=3)
	56 (Nf=21, k=3)
	73 (Nf=B/2, k=3)
	88 (Nf=B/2, k=3)


From the Table 3 we can observe that under a given number of Nt, the pattern H can provide most number of HD free resources.
Proposal 1: 
· The number of HD free resources that can be provided by a pattern under given number of discovery subframes should be a metric to evaluate the patterns. 
Observation 2: 
· Under a given number of discovery subframes, pattern H can provide most number of HD free discovery resources.
3 WAN performance impact
In RAN1#76bis we reached the following agreement: 

Agreements:
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
According the agreement, the reception pool for Type-2B discovery will be signalled by SIB. The minimum changing period of SIB signalling defined is 640ms, and maximum changing times of SIB signalling within 2h is 4. However, within a cell the number of UEs requiring Type-2B discovery resources may fluctuate largely within a SIB changing interval. Considering that Type-2B discovery may use uplink timing, it is possible to reuse the vacant resources within the Type-2B resource pool for PUSCH transmission. Although the proportion of these resources is marginal (smaller than 0.64%), and to reuse these resources will not contribute considerable uplink throughput, considering that uplink HARQ is synchronous, if PUSCH transmission can be supported in these resources uplink HARQ delay can be reduced by one RTT.
Proposal 2: 
· If Type-2B discovery using uplink timing, the vacant resources in Type-2B resource pool should be reused for PUSCH transmission.
As contiguous uplink resources are required for PUSCH transmission, so the continuity of the vacant resources should be guaranteed. We evaluated pattern D and pattern H on resource fragmentation avoidance.
For pattern H, the time and frequency indices of one discovery resource with resource index r are given by the formulas below:
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Where
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.  As the restriction of uplink bandwidth, the value of r should satisfy: 
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The performance of pattern D and pattern H are shown in Figure 1and Figure 2, in which the cells with green background represent the vacant resources. For pattern H, one UE will change it resource index with a cyclic shift every discovery period, i.e. 
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[image: image13]
Figure 1 Hopping pattern illustration of Pattern D, Nf*Nt=16*7

[image: image14]
Figure 2 Hopping pattern illustration of Pattern H, Nf*Nt=21*8, k=3
From the figures above it can be seen that, for pattern D, even though the resources are allocated contiguously at the beginning, after one time of hopping, the vacant resources will be fragmented. To resolve this problem, eNB needs to reconfigure the size of the resource pool with a dynamic signalling (e.g. a signal similar as that used in eIMTA for TDD configuration indication) before every discovery period so as to fit the number of UEs requiring discovery resources in the discovery period. For instance, in the case given in Figure 1, the value of Nf can be reconfigured to 8, and the hoping operation should be done within the reconfigured resource pool. As opposed to pattern D, as long as the vacant resources are contiguous at the first discovery period, the pattern will not fragment these resources in the later discovery periods.
Observation 3: 
· In contrast with pattern D, pattern H has better performance on resource fragmentation avoidance.
4 Conclusions

We provide our views on resource allocation for type 2B discovery, and we have the following observations and proposals:
Observation 1: 
· The discovery resources provided by the patterns of Group 1 are HD free.

· For the patterns of Group 2, pattern D and E perform better in terms of HD resolution.

Observation 2: 
· Under a given number of discovery subframes, pattern H can provide most number of HD free discovery resources.
Observation 3: 
· In contrast with pattern D, pattern H has better performance on resource fragmentation avoidance.
Proposal 1: 
· The number of HD free resources that can be provided by a pattern under given number of discovery subframes should be a metric to evaluate the patterns. 
Proposal 2: 
· If Type-2B discovery using uplink timing, the vacant resources in Type-2B resource pool should be reused for PUSCH transmission.
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6 Appendix
Table 1: 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 lookup table
	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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