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1. Introduction

In RAN1 #78 meeting, following agreement was reached for type 2B discovery [1].

Agreements:
· The hopping pattern for first transmission within a Type 2B discovery period is:

· Time: next_nt = mod(c*nf + nt*Nf + a, Nt) 

· Frequency:  next_nf = mod(floor((nf + nt*Nf) /Nt) + b, Nf)

· Here 

· nt refers to logical time index of the first transmission within a discovery period

· nf refers to logical frequency index of the first transmission within a discovery period

· Nt refers to the total number discovery resources in time divided by the number total transmissions within a discovery period

· Nf refers to the total number discovery resources in frequency

· c is RRC configured from a set of values that are positive and at least include 1

· a is cell specific and b’ UE specific, and both are RRC configured  

· Any means to identify which parameter value should be used at any given time instant are up to RAN2

· b = mod (b’ + #discovery periods since b’ was received, M), here  

· b’ indicates an index of the upcoming discovery period, when allocating a UE the Type 2B discover resource 

· b is between 0 and M-1 

· M is fixed in specification 

· Working assumption to be checked until RAN1#78bis (including whether a single value of M is sufficient): M=10
In this contribution, parameters of agreed hopping pattern formula are further discussed, with proposed correction and refinements.
2. Discussion on Parameter “a”
According to RAN1 #78 agreement, parameter “a” is cell specific and RRC configured. By examining the hopping pattern formula, we can see that the main purpose of “a” is to change the resource location in time domain after each hopping, as Fig.1 shows where Nt = 3, Nf = 4, c = 1, b = 0. Therefore, it is useful in mitigating the half-duplex problem between different neighboring cells[2]. In this sense, a straightforward way to configure parameter “a” would be based on physical cell-id.
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(a) a = 1
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(b) a = 2

Fig.1 Resource locations after each hop, c = 1, b = 0

Proposal 1: value of parameter “a” is based on physical cell-id. 
3. Discussion on Parameter “b”
The intention of parameter “b” is to improve frequency diversity. The agreement in RAN1 #78 says that “b’” is UE specific, and is RRC configured. Take Fig.2 as an example, in the first period (p=0), UEs set “b’” via RRC configuration, and the value of b’ is show on Fig.2. Based on the agreed hopping pattern formula, after two hopping, in the third period (p=2), the problem arises: two or more discovery resources used by different UEs collide, e.g. resource 4 and 6.
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Fig.2 Resource locations after each hop, a = 0, c=1, Nt = 3 and Nf = 4
Observation1: parameter “b” would cause resource collision.
4. Discussion on Parameter “c” 
For type 2B discovery, eNB allocates exact resources for transmitting UEs, and a hopping rule will be used following an initial resource allocation to overcome the half-duplex problem and randomize the in-band emission. Regarding the half duplex, the agreed criterion is that the hopping pattern shall ensure two discovery resources used by different UEs are at least once not transmitted on the same subframe over the last number of discovery periods. 

But the hopping pattern formula agreed in RAN1 #78 has a serious flaw that needs to be corrected. That is the parameter “c”. The agreement was made out of rush without prudent verification. It says “c” is RRC configured from a set of values that are positive and at least include 1”. However from a quick check we can see that as long as c is a positive number other than 1, after hopping, two or more discovery resources used by different UEs would be transmitted on the same resource in the next period. Take Nt = 3 and Nf = 4 as an example. The hopped resources are shown in Fig. 3 when c = 2, a = 0, b = 0. Note that “c” and “Nt” are co-prime.
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Fig.3 Resource locations after each hop, c = 2, a = 0, b = 0
Not only the half-duplex problem still exists, the introduction of parameter “c” also brings resource collision, a more serious problem than the half-duplex issue Type 2B hopping pattern originally targets for. The fundamental reason of such collision is that when “c” is other than 1, the calculation of “next_nt” and “next_nf” would diverge from the original core of “(nf+nt*Nf)”, regardless whether “c” and “Nt” are co-prime. 
Proposal 2: parameter c is always to be 1, and no more need RRC to be configured.

5. Summary
In this contribution, more details about hopping rules are discussed and we have the following proposals.
Proposal 1: value of parameter “a” is based on physical cell-id.

Proposal 2: parameter c is always to be 1, and no more need RRC to be configured.
Observation1: parameter “b” would cause resource collision.

Reference

[1]. Chairman's Notes RAN1_78 - final, August,2014
[2]. R1-143139 Hopping pattern type 2B,ZTE, August,2014
PAGE  
3/3

