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1. Introduction
Repetition of discovery transmissions within a discovery period provides more detection opportunity for receiving UEs. The receiver is able to get the performance benefit by combining the signal, assuming deterministically associated discovery resources for repetition. In RAN1 #77 meeting, repetition for discovery transmissions within discovery period was agreed as working assumption [1].

Working assumption:
· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· FFS: Receiver behavior
On the other hand, as evaluated in [2], more discovery resources have to be reserved in order to exploit repetition gain if. Nevertheless, eNB is able to decide whether the discovery repetition should be enabled, and if yes, how many repetitions should be configured [3]. In other words, the current agreements offer enough flexibility for discovery signal transmission regarding repetition.
However, repetition mechanism has not been decided. In this paper, details of discovery repetition are discussed, including the repetition rule and receiver behavior. Numerical study based on simulation is also provided.
2. Repetition rule for discovery
If repetition is enabled, the major problem is how to deterministically link the discovery resources for repetition. This issue was discussed in RAN1#78 based on [4] and cited as follows:
Proposal for Type 1 only:

· Repeat transmission (if configured) of a given MAC PDU by a UE within a discovery period is contiguous in time domain

· Contiguous only among sub-frames with resources reserved for discovery

· Repeat transmissions will hop in frequency according to the following formula

                  nf_{i+1} =  (nf_{i} + floor(Nf/K)) mod Nf 
Here

    Nf : total number of discovery resources reserved in a sub-frame

    K: Number of transmissions of a MAC PDU within a discovery period

    nf_{i}: index in frequency of i^{th} transmission of a MAC PDU by a UE within a discovery period i = 0,…,K-1; 0 ≤ nf_{i} < Nf
However, no agreement was concluded. We will discuss this problem from time domain and frequency domain respectively.
2.1. Time domain repetition

During RAN1#78 online discussion, the most controversial part of discovery repetition was whether multiple transmission of one discovery MAC PDU is contiguous in time. In order to observe the performance difference of contiguous and non-contiguous repetition, system level simulation is carried out and the results are shown in Fig. 1, the resource pool for discovery is 44*64 (stands for 44 RBs in frequency and 64 subframes in time), 24*64 and 24*128. The frequency hopping rule is the same as that of [4]. One example of contiguous and non-contiguous resource hopping with transmission number = 4/2 is shown in Fig. 2. For non-contiguous repetition, the resources used for one MAC PDU transmission are evenly spaced in time. Other simulation parameters can be found in Appendix.
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(a): 44*64                                                                                      (b): 24*64
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(c): 24*128
Figure 1 Discovery performance comparison with repetition enabled
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(a) Time contiguous                                               (b) Time non-contiguous

Figure 2 Example of repetition hopping with four transmissions
It can be seen that contiguous repetition slightly outperforms non-contiguous repetition if resources are not restricted, e.g., (44*64 and 24*128). Intuitively, time non-contiguous setting would lead to more diversity. However such potential benefit is not verified by the simulation results. One possible reason is that more UEs near the decoding threshold may be discovered considering the discovery signal combination in the receiver [5]. 
Observation 1: contiguous repetition slightly outperforms non-contiguous repetition.
2.2. Frequency domain repetition

Frequency hopping facilitates the potential gain of frequency diversity, and thus is necessary if we want to maximize the repetition gain. From this perspective, the frequency hopping rule proposed in [4] seems to be a good choice where discovery resources are more scattered in frequency, irrespective of the transmission numbers. Moreover, it could also simplify the design for discovery.

Observation 2: frequency hopping rule in [4] is simple and feasible.
3. Summary
In this contribution, details for discovery repetition were discussed, focusing on the time domain discovery resource distribution and frequency domain hopping, as well as the resource usage from receiving UEs’ perspective. Based on the discussion and evaluation, we have the following observations.
Observation 1: Contiguous repetition slightly outperforms non-contiguous repetition.
Observation 2: Frequency hopping rule in [4] is simple and feasible.

Reference

[1]. Draft Report of 3GPP TSG RAN WG1 #77 v0.1.0, MCC, May, 2014

[2]. R1-143137, Discussion on discovery resource size and repetition, ZTE, August, 2014
[3]. R1-143459, LS on RRC parameters for ProSe LTE D2D, RAN WG1, September, 2014.

[4]. R1-143414, WF on Type 1 and 2B Discovery Repetition,
Qualcomm, et al, August, 2014

[5]. R1-142958, Resource allocation for Type 1 D2D discovery, Qualcomm, August, 2014

Appendix: Simulation assumptions

	Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	22 or 44 PRBs

	Discovery subframes number in one period
	64 or 128

	Discovery message size
	256 bits

	Resource allocation
	Random allocation within each period as baseline

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

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h

	Discovery Type 
	Type 1 Discovery

	Resource unit for discovery
	2 PRBs
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