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1
Introduction
Agreements were reached on discovery signal repetition in RAN WG1 #78bis meeting:
Agreement:

· Contiguous repetitions over subframes within the configured discovery resource pool is supported for D2D discovery.
· Send an LS to RAN4 stating the following:
· RAN1 sees benefits of soft-combining of repeated transmissions of discovery messages within a discovery period when repeated transmissions are configured
· In case the UE shares a common soft buffer for storing PDSCH and discovery message soft bits, if a UE’s soft buffer cannot to accommodate soft channel bits for both PDSCH and discovery message receptions (note that soft buffer management is up to UE implementation)
· In such cases, PDSCH reception may be prioritized or discovery messages may not be combined (PDSCH reception shall not be impacted by D2D discovery reception)
· RAN1 requests RAN4 to take the above into considering if/when defining performance tests for soft-combining of discovery messages within a discovery period 

· RAN1 indicates to RAN4 that if the D2D discovery subframes in which repetitions occur are physically contiguous with the same starting and ending subframe for all discovery signals that the UE is to receive, this may help to limit UE complexity, although this depends on the configuration of the resource pools; 

· Note that channel estimation combining is not assumed. 

The remaining question is what kind of frequency hopping should be applied for intra-period repetition, and in this document we compare different hopping schemes both with and without soft combining and with different number of repetitions. The comparison is done between (1) no frequency hopping, (2) hopping with fixed increment, (3) maximal hopping, and (4) hopping by permutation of frequency resources. These schemes are explained in Section 2 and the performance comparison and the conclusions on the comparison are presented in Section 3.
2
Compared intra-period hopping systems
The intra-period hopping schemes studied in this contribution are introduced below.
a) No hopping
The frequency resource index f for the n:th repetition is the same as for the first transmission: 
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This system is worth considering because there is inter-period resource hopping taking care of that channel and interference are varying over multiple discovery periods.

b) Maximal hopping
The maximal hopping spreads the transmissions as equally as possible over the whole frequency range of discovery resources and is defined by the equation
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where Nf is the number of frequency resources, and Ntx is the number of transmissions in a discovery period. The equation is practically the same as in [2] (only the max function was added to account for small Nf values) and this kind of hopping was also proposed as a part of the hopping scheme in [3].
c) Hopping with fixed increment
As an intermediate scheme between maximal hopping and no hopping at all, the frequency resource index could be incremented with steps that do not depend on Nf. Here minimal increments were chosen: 
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d) Hopping by permutations

In order to maximally change the interference conditions between consecutive transmissions, some kind of resource permutations instead of simple cyclic shifting of the maximal hopping should be applied. An alternative could be to apply the ideas of [3], but for the studies of this document we chose a simpler approach according to the formula:
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where p is co-prime with Nf and close to Nf/2. This equation tends to separate adjacent frequency resources for repetitions.
In order to exemplify how the transmit resources vary for the schemes above, we show the resulting hopping patterns in Tables 1-4 with Nf=22, Ntx=4, and p=9.
Tables 1-4: Hopping patterns with Nf=22, Ntx=4, and p=9. The four rows in each table correspond to the first transmission and the three repetitions, and the columns show the frequency index pattern a UE follows after it has transmitted the first signal with a frequency index of the first row.  
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3
Performance analysis
The performance of the four schemes above was studied with simulations that were according to [4] with the parameters listed in the Appendix. There were seven sites, each site with three cells, and wrap-around modelling was in use. There were 60 subframes in a discovery period and we had Nt=60/Ntx time resources in a discovery period. The number of frequency resources was Nf = 22. Network was synchronized and the discovery resource pool was common to all cells. Simulations were done both for Type 1 and 2B allocation, but below we show only the results for Type 2B because the trends for Type 1 are equal. Type 2B allocation was modelled by allocating resources in different cells in random order from the common pool, ensuring that all UEs in a cell had different resources but not preventing colliding allocations of UEs in different cells. AGC settling was assumed ideal and channel estimation combining was not applied. The studies were made with different discovery signal loads and Ntx values, and both with and without soft bit combining. Selected sets of results are shown in Figures 1 for low load and in Figure 2 for high load. 
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Figure 1. The number of discovered UEs as a function of the discovery periods for three hopping schemes and without (figures on the left side) and with (figures on the right side) soft combining of two (top figures) and four (bottom figures) receptions in a discovery period, when the load is low (25 UEs/cell).   
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Figure 2. The number of discovered UEs as a function of the discovery periods for three hopping schemes and without (figures on the left side) and with (figures on the right side) soft combining of two (top figures) and four (bottom bottom) receptions in a discovery period, when the load is high (150 UEs/cell).   

Our first observation on the results is that hopping by permutation gives practically the same result as maximal hopping. Another observation on the results is that, when combining is enabled, the scheme without hopping performs better than the rest. This is mainly because it allows discovery of UEs over exceptionally large path losses, as exceptionally good channel and interference conditions, when occurring for the first transmission, tend to persist over repetitions. However, when the load on the system is increasing this benefit diminishes and all schemes show similar performance.
The benefit of soft combining is large and RAN1 has indicated that to RAN4. Therefore, we think that little weight should be put on the performance without soft combining and our proposal is that intra-period repetition is done without frequency hopping, i.e. frequency hopping is performed only across discovery periods.   
Proposal: Intra-period repetition is done without frequency hopping, i.e. frequency hopping is performed only across discovery periods.
4
Conclusion
We compared different intra-period frequency hopping systems for discovery signal repetition and found out that, when soft combining is enabled, best performance is obtained without hopping. Our proposal is:

Proposal: Intra-period repetition is done without frequency hopping, i.e. frequency hopping is performed only across discovery periods. 
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Appendix: simulation assumptions 
	LTE layout
	Option 1 (Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell) of Ref. [4]; 7 sites with 3 cells, synchronized network

	Carrier frequency
	2GHz

	Channel model 
	from [4]

	Inband emission model 
	from [4] with [W,X,Y,Z] = [3,6,3,3] dB

	Number of UEs for discovery
	25 or 150 per cell

	A discovery resource
	2 PRB pairs times one subframe

	UE RF parameters
	transmit power 23 dBm, 1 Tx and 2 Rx antennas

	Discovery period
	Totally 60 subframes, one or three repetitions per period i.e. Nt equal to 60/2=30 or 60/4=15 time resources per discovery period.

	Number of transmissions per discovery period
	2 or 4

	Resource re-use
	One resource pool shared by all cells, and resources from the pool randomly allocated for different cells (no reuse scheme avoiding transmissions in the same frequency and time resource in neighbouring cells)

	Combining of received signals
	Not at all or within discovery period only
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