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1
Introduction
The basic scheme for transmission of discovery signals is that UEs transmit once in a discovery period. For situations that call for increased discovery range or discovery delay reduction, multiple transmissions within a discovery period have been considered [1]. To enable combining of the received signals, the resources for the intra-period repetitions would be determined from the resource of the first transmission. Repetition could be important both for Type 1 and 2B resource allocations. 
Two repetition approaches, contiguous and half-duplex, were compared in Ref. [2] for Type 1 allocation. In contiguous repetition, the UEs whose first copies of discovery signals are simultaneous have also simultaneous later copies. In half-duplex repetition, the aim is to mitigate the half-duplex problem by allowing discovery opportunities within a discovery period between UEs whose first transmissions are simultaneous. The performances of the approaches were observed to be roughly identical in the simulations of Ref. [2]. Furthermore, it was shown that the overall benefit of repetition was not large in the simulated case.
In this document we present our results on the performance of different repetition systems in case of Type 2B resource allocation.
2
Discussion
In the simulated system, the inter-period hopping was made according to the agreed formula [1]. The hopping parameters were set as follows:

· a = cell_id
· b = mod(#discovery period, 10)

· c=1

Three repetition schemes with one repetition were simulated:

· Contiguous repetition where the second transmission followed immediately the first transmission at the same parallel resource index.

· Half-duplex repetition where the two transmissions formed a pattern of the combinatorial design (details given below).

· Half-duplex repetition where the resource for the repetition was obtained from the resource of the first transmission using the agreed inter-period hopping formula but parameters fixed to the values a_intra = b_intra = c_intra = 1 for all cells. These intra-period hopping parameters are the same for all the cells as it is assumed that it would not be feasible to signal cell specific hopping parameters for inter-cell discovery.
When applying the combinatorial design to repetition, the first transmissions by UEs can be denoted by a matrix
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Here Nt is the number of time resources in discovery period divided by the number of transmissions each UE makes in a discovery period and M is the number of logical frequency resources reserved for the first transmissions.
The second transmissions by UEs are denoted by a matrix 
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· row 1 of 
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· row 2 of 
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One repetition of transmission can be arranged by joining the matrices in parallel or consecutively: 
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and for these studies the consecutive configuration was chosen, meaning that M equals Nf, the number of parallel logical resources in the resource pool. It can be seen that as long as Nf<Nt the patterns of two transmissions are from Comb(2Nt,2) i.e. every UE has at least one opportunity to discover every other UE within a discovery period.   
Besides the repetition schemes, simulations were performed also without repetition. For fair comparison, the discovery period was kept the same as with repetition, meaning that without repetition the number of Type 2B resources was twice as large as with repetition i.e. on the average the number of UEs transmitting in the same subframe was reduced by a factor of two.  

The simulation system is according to [3] and its parameters are listed in the Appendix. There were seven sites, each site with three cells, and wrap-around modelling was in use. The discovery period consisted of 64 discovery subframes i.e. with repetition this leads to Nt=32 and without repetition Nt=64. The number of parallel logical resources was Nf = 22. Network was synchronized and the discovery resource pool was common to all cells. 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.  
Two types of statistics were collected: (i) the cumulative number of discovered UEs as a function of time is shown in Figures 1 and 2 and (ii) the discovery probability as a function of path loss in Figures 3 and 4. 
Two cell layouts were used: Figures 1 and 3 are for Option 1 (Urban macro, 500m ISD, 1 RRH/Indoor Hotzone per cell) and in Figures 2 and 4 for Option 3 (Urban macro, 500m ISD, all UEs outdoor).  
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Figure 1. Cumulative number of discovered UEs as a function of the discovery periods with four transmission schemes (no repetition, contiguous repetition and two half-duplex repetition schemes) and for four loads (10, 25, 75, and 150 UEs per cell) in cell layout Option 1.
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Figure 2. Cumulative number of discovered UEs as a function of the discovery periods with four transmission schemes (no repetition, contiguous repetition and two half-duplex repetition schemes) and for four loads (10, 25, 75, and 150 UEs per cell) in cell layout Option 3.

Our first observation on the simulation results shown in Figures 1 and 2 is that repetition is highly beneficial in a lightly and moderately loaded system, but may lead to a performance loss when the number of UEs is so high that discovery is governed dominantly by interference. Therefore, we propose: 

Proposal 1: Repetition of discovery MAC PDUs should be supported. The use of repetition should be configurable in order to optimize performance for different load situations. 

Our second observation on the simulation results shown in Figures 1 and 2 is that in a lightly and moderately loaded system, compared with the half-duplex optimized repetition schemes, contiguous repetition gives 3-4% larger number of discovered UEs after 40 discovery periods but at high load there is practically no difference between the contiguous and half-duplex repetitions, when observed after 40 discovery periods. However, the small increase in the number of discovered UEs at low load and after long observation period happens at the cost of increased delay as the number of discovered UEs after small number of periods is lower than with the half-duplex optimized systems.
When repetition is contiguous, the same UEs interfere each other during the first transmission and the repetitions. Thus if the interference situation is favourable during the first transmission it is good also during the repetitions. With half-duplex repetition, the interference situation is likely varying between the first reception and the subsequent repetitions, and therefore it is less likely that the experienced interference is very low both for the first transmission and the repetitions. Hence, the contiguous repetition may lead more often to discovery of UEs with very high path loss although half-duplex repetition would otherwise give better discovery probability, in particular considering that in practice UEs are not necessarily available during many discovery periods, e.g. due to mobility. 
This effect can be seen in Figures 3 (Option1) and 4 (Option 3) where we show the discovery probability per discovery period as a function of the path loss for the different repetition schemes. At low load, the half-duplex repetition gives consistently improved discovery probability over the whole path-loss range (when compared with no-repetition) while contiguous repetition is better than half-duplex repetition only in the tail of fairly low detection probability and high path loss. 
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Figure 3. Discovery probability per discovery period as a function of the path loss for the loads 10, 25, 75, and 150 UEs per cell and for no-repetition, contiguous and half-duplex repetition in cell layout Option 1.
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Figure 4. Discovery probability per discovery period as a function of the path loss for the loads 10, 25, 75, and 150 UEs per cell and for no-repetition, contiguous and half-duplex repetition in cell layout Option 3.

We conclude that contiguous repetition is suitable for discovering UEs over very high path loss but leads to lower discovery probability i.e. larger discovery delay than half-duplex repetition for the nearby UEs. We believe the increased delay is not worth the small gain in the total number of discovered UEs, shown in Figures 1 and 2 at long observation periods, as the consequence is a potential loss of opportunity to discovery relevant nearby UEs. Therefore we propose
Proposal 2: Half-duplex repetition should be selected as the scheme for repetition of MAC PDUs.
3
Conclusion
In this contribution we studied the benefit of discovery signal repetition and compared the performance of contiguous and half-duplex repetition. Our proposals are:
Proposal 1: Repetition of discovery MAC PDUs should be supported. The use of repetition should be configurable in order to optimize performance for different load situations. 

Proposal 2: Half-duplex repetition should be selected as the scheme for repetition of MAC PDUs.
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Appendix: simulation assumptions 

	LTE layout
	Option 1 (Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell) and Option 3 (Urban macro, 500m ISD all UEs outdoor) of Ref. [3]; 7 sites with 3 cells, synchronized network

	Carrier frequency
	2GHz

	Channel model 
	from [3]

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

	Number of UEs for discovery
	10, 25, 75, 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
	64 subframes

	Number of transmissions per discovery period
	1 or 2

	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
	within discovery period only
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