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1. Introduction
At the RAN1#78 meeting, the following was agreed regarding Type 2B discovery hopping pattern [1],

	· 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

· The hopping formula applies only to hopping across discovery periods 

· At least joint time and frequency hopping is supported across discovery periods 

· FFS whether only time hopping is used  and can be configured 

· FFS whether only frequency hopping is used  and can be configured if retransmissions within a discovery period are configured 


In this contribution, we discuss the left remaining issue on time-freq. hopping patterns for Type 2B discovery.
2. Remaining Issue on Type 2B Discovery Hopping Pattern across Periods
2.1 Value of Parameter c 
A parameter c has been agreed in the Type 2B discovery hopping pattern – “c is RRC configured from a set of values that are positive and at least include 1”. However, the possible values that c can be configured other than c = 1 have not been determined [2]. 
We found that resource collision may happen if the value of c is taken as a positive value which is larger than 1, i.e. UEs transmit in different resources may transmit to the same resource by hopping. A simple example is shown in Figure 1 (a) when Nt = 3, Nf = 4, and c = 2 (which is prime to Nt). a, b is assumed to be 0 here as it will not change the conclusion. UEs transmit in resource 4 and 6 will transmit in the same resource after hopping. UEs transmit in resource 7 and 9 will also transmit in the same resource after hopping.
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(a) Nf = 4, Nt = 3, c = 2, a = b = 0
(b) Nf = 5, Nt = 3, c = 2, a = b = 0
Figure 1. Resource collision due to Type 2B hopping parameter c > 1.
We further tested the case when c takes value which is prime to both Nt and Nf (Nt = 3, Nf = 5, c = 2), the same observation is made as in Figure 1 (b). UEs transmit in resource 5 and 6, or 10 and 11 will transmit in the same resource after hopping.
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Figure 2. Num. of UEs discovery with different value of parameter c (Nf =Nt = 22).
If resource collision happens, the orthogonal Type 2B resource allocation by eNB will be broken by hopping and the discovery performance will degrade. However, when the resource pool is square (Nt = Nf), and c is prime to Nt or Nf, resource collision may not happen after hopping. In Figure 2 we tested the discovery performance on the number of UEs discovered when c takes different values. A square resource pool with Nf =Nt = 22 is set, and the value of c is taken within the set {1, 2, 3}. Note that with this configuration, when c = 2 resource collision will happen due to hopping, but when c = 1 or 3 the resource collision will not happen. The value of parameter a in the hopping formula is set to be the cell ID. For initial eNB scheduling, it is assumed that each UE is randomly scheduled a resource and there does not exist two UEs in the same cell which are scheduled the same resource. Other simulation assumptions are shown in Table I in appendix. 
From the simulation, the discovery performance degradation due to resource collision (when c = 2) can be clearly observed. In addition, similar performance is observed when c = 1 and c = 3. Therefore, there is no notable performance improvement by setting c to be a different value other than 1, even if resource collision does not happen (e.g. c = 3). 
Therefore, we propose:

Proposal 1: The value of parameter c is fixed to be 1.
2.2 Value of Parameter M
To check whether a single value of M=10 is sufficient, we have examined Type 2B hopping by setting the values of other configurable parameters to be 2 ≤ Nf ≤ 44, 2 ≤ Nt ≤ 2*Nf+1, 0 ≤ a ≤ Nt-1, and c = 1. In all the tested configurations, there does not exist two resources in the resource pool such that UEs transmit in the two resources will always transmit in the same subframe considering Type 2B hopping. Therefore, we propose:
Proposal 2: The value of M is fixed to be 10.
2.3 Only Time-domain Hopping or Only Freq. Domain Hopping
In the last RAN1 meeting, the following issues are left FFS:
	· FFS whether only time hopping is used  and can be configured 

· FFS whether only frequency hopping is used  and can be configured if retransmissions within a discovery period are configured


However, if only time hopping is used, it is very likely that resource collision will happen, i.e. UEs transmit in two different resources will transmit in the same resource due to hopping. It can be easily examined that resource collision will happen on the two resources, if the time domain and frequency domain indexes of the resources (nt1, nf1) and (nt2, nf2) satisfy: nf1 = nf2, and mod[(nt1 - nt2)*Nf, Nt] = 0. Therefore, if only frequency hopping is used, it can be easily concluded that if Nt > Nf, there must exist resources such that nt1 – nt2 = Nt, and thus resource collision will happened; if Nt = Nf, all the resource with the same frequency index will hop to the same resource. 
In the same way, if only frequency hopping is used, it can be easily examined that resource collision will happen on two resources, if the time domain and frequency domain indexes of the resources satisfy: nt1 = nt2, and floor[(nf1 +nt1*Nf)/Nt] = floor[(nf2 + nt2*Nf)/Nt]. It can be easily examined that for any resource pool setting Nt ≥ 2 and Nf ≥ 2, resource with time and frequency index (nt, nf) = (0, 0) and (nt, nf) = (0, 1) will hop to the same resource (0, b) if only frequency hopping is used.

Therefore, we propose:

Proposal 3: Only joint time and frequency hopping is supported.
3. Conclusion

In this contribution we discussed the remaining issue of hopping patterns of Type 2B discovery. Based on the discussion, we propose the following:
Proposal 1: The value of parameter c is fixed to be 1.

Proposal 2: The value of M is fixed to be 10.
Proposal 3: Only joint time and frequency hopping is supported.
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Appendix
Table I: Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-sites
Urban macro (500 m ISD) – option 1: 1 indoor hotspot per cell

	Carrier Freq.
	2 GHz, FDD

	System bandwidth
	10 MHz, UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs synchronized

	UE RF parameters
	Tx power of  23 dBm, 1 Tx/ 2 Rx antenna,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843[2]

	In-band emission
	[W,X,Y,Z] = [3,6,3,3] dB

	Number of discovery RBs on discovery subframe
	44

	Discovery signal size
	2×1 PRB pair
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