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1 Introduction
This contribution provides the summary of the two-part email discussion [77-19] “Type 2B discovery for D2D”. The first part of the email discussion was launched to prepare a list of hopping patterns for consideration. The second part was dedicated to discussing the potential agreements as described in the following:
“Email discussion until 17th June. Patterns for consideration to be provided by email by 5th June, then discuss following possible agreements until 17th June, then evaluations/analysis/thoughts to be provided at RAN1#78.” 

Possible agreements: 

· For Half duplex, a pattern tries to make sure that two discovery resources are at least once not transmitted on the same sub-frame at least across discovery periods. 

· For in-band emission, a pattern that tries to minimize the number of times two discovery resources occur on the same sub-frame at least across discovery periods 

· Additional consideration can include avoidance of cellular spectrum fragmentation in the discovery subframe
Section 2 lists the patterns submitted and section 3 presents the agreed criteria for pattern selection (reached as an outcome of the email discussion). Section 4 provides a summary of discussions on some related open issues. A WF is proposed by rapporteur in section 5 to further progress the design.
2 Summary of the patterns 
Table 1 shows the summary of patterns provided with a common notation. The notations are defined below.

2.1 Notations 

· Nf: number of discovery resources per subframe, 

· Nt: number of discovery subframes per discovery period divided by X

· X is number of transmissions of a discovery MAC PDU  in a discovery period if the pattern does not explicitly consider multiple transmissions of a  discovery MAC PDU  in a discovery period, and is 1 otherwise 

· t: the current discovery period index,

· (nt, nf): (time, frequency) resource indices (starting from 0) in the current discovery period,

· (nt0, nf0): (time, frequency) resource indices (starting from 0) in the first discovery period,

· (next_nt, next_nf): (time, frequency) resource indices (starting from 0) in the next discovery period,

· mod(a,b): a modulo b

2.2 List of the patterns 

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*t*(nf0+r),Nt)


	next_nf = mod(nf0+p*t,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
	The use of cell ID and subframe index in the definition of frequency hopping pattern is supported.
	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

(Intel)
	 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


3 Agreements 
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.

4 Summary of discussions on open issues
4.1 Intra-period hopping

During the email discussion, some companies [Samsung, NSN/Nokia, and Ericsson] provided hopping designs that explicitly considers repetition of a discovery MAC PDU within a discovery period. The main design goal of such consideration was to solve the half-duplex problem within one discovery period if possible (depending on the number of discovery subframes within a discovery period).
5 Proposed way forward 
Based on the patterns submitted on the email reflector, the email rapporteur proposes the following way forward on Type 2B hopping pattern to further progress the design:
For type 2B discovery, in each discovery period, the discovery subframe index corresponding to the first transmission of a discovery MAC PDU is obtained according to one of these three patterns:

· Pattern 1: next_nt= mod (a*nt+b*nf+c , Nt)


· Pattern 2: next_nt= mod ( g , Nt)

· FFS between:

· g=q* t* (nf0+r)+nt0.
· q, r are TBD.
· g=nt+ñf 

· next_ñf =  mod(ñf +1,Nf)
· Pattern 3: next_nt= mod (nt+ nf+ h(nf) , Nt)

· With h(nf)=sum(floor(nf/Nt^z)), z=1,…,i
subject to: Nt^i<Nf

Pattern to be selected at RAN1#78, as well as parameters a, b, and c (if applicable)

Notations:
· next_nt: the discovery subframe index corresponding to the first transmission of a discovery MAC PDU (starting from 0) in the next discovery period,

· (nt, nf): (time, frequency) resource indices (starting from 0) in the current discovery period,

· (nt0, nf0): (time, frequency) resource indices (starting from 0) in the first discovery period,

· t: the current discovery period index,

· Nt: number of discovery subframes per discovery period

· Nf:number of discovery resources per subframe.





















