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1. Introduction
The evaluation assumption, channel model and performance metrics of D2D discovery were discussed in the previous D2D discussion. In RAN1#73 meeting, resource allocation was also discussed and the agreements are listed below:

It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further
At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission
Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.
In this contribution, we discuss the details of resource allocation for D2D discovery.
2. Discussion

2.1. Considerations on resource multiplexing
During the D2D discussion, UL spectrum and UL subframes were preferred for D2D discovery. Multiplexing these resources with cellular traffic is an essential issue for the case within coverage. In general, D2D discovery and cellular traffic can be multiplexed in time, frequency or spatial domain.
· TDM: Discovery resources and cellular resources are separate in time-domain. Typically, some subframes are reserved for discovery. Only discovery signal and legacy PUCCH feedback is transmitted in discovery subframes. The frequency resources can be divided into resource unit as discovery resources for D2D UEs. This scheme can avoid the interference between discovery signal and cellular transmission,  at the cost of some reserved resources, particularly when there is a small number of D2D UEs. Considering that the timing of discovery signal and cellular transmission may be different, additional solutions should be studied to avoid the interference at subframe boundary.
· FDM: Discovery and cellular transmissions occupy different frequency resources. If the discovery resource is semi-statistically allocated, specific bandwidth should be reserved for discovery. In case of many D2D UEs in the system, the resource efficiency is similar to that of TDM. If the discovery resource is dynamically allocated for each discovery instance (type 2B), like the resource allocation of PUSCH, the resource can be dynamically shared by different traffic. However, the signaling design and eNB scheduling will be  complex with additional signaling overhead. The FDM scheme introduces additional timing requirement that the discovery and cellular transmission should be always synchronized. It is hard to be satisfied in some scenarios, e.g. different synchronization reference is used for different traffic. Furthermore, the cellular signal and discovery signal may be significantly interfered by each other due to in-band emission.
· SDM: Discovery and cellular signals could occupy the same resource. The resource efficiency can be maximized if different signals are multiplexed in the same resource. The interference control is very important for SDM and should be carefully considered for resource allocation, power control and signal design. The performance of cellular transmission may be degraded if interference is not properly controlled.
These schemes have their cons and pros in different aspects, e.g. resource efficiency, complexity, and interference etc. To ensure the performance of D2D discovery and cellular traffic, different time-domain resources are proposed for different traffic.
Proposal 1: Specific discovery subframes are allocated for D2D discovery only (which can carry necessary legacy transmission).

2.2. Resource allocation 
With specific discovery subframes, the discovery resources in these subframes can be allocated by eNB or selected by different D2D UEs. How to allocate or select the resource for each UE should be carefully studied. Each UE occupies one random/allocated discovery resource in a discovery period is one simple way. The resource collision can be avoided or reduced if the discovery resources are sufficient. However, if the discovery period is long (e.g. 10s), failed discovery in the certain resource will lead to large discovery latency. For example, the discovery resources of discovering and discovered UEs are allocated in the same subframe, or there is strong in-band interference in the discovered UE’s resource. To avoid the latency, multiple discovery resources within one period for a UE can be considered to improve the one-shot discovery probability. Once the discovery signal is demodulated in one of the resources, the corresponding UE can be discovered. Nevertheless, the in-band interference will also be increased with the same size of resource pool. Tradeoff between in-band interference and discovery opportunity should be further considered for different scenarios.
Proposal 2: Allocation of multiple discovery resources within one discovery period for a discovered UE should be further studied.
2.3. Performance evaluation
The system performance of D2D discovery is evaluated here based on different resource allocation mechanisms. N random discovery resources are allocated for a discovered UE in one discovery period where N=1/2/3/4.The direct discovery process described in [1] is adopted for D2D discovery and one-PRB-pair PUSCH is used as discovery signal. The discovery subframes are allocated periodically and continuous in one period for all the D2D UEs. Each discovered UE selects the discovery resources randomly from the resource pool. The other simulation assumptions are listed in the appendix. The results are shown in Figures 1-3.
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Figure 1: Average number of discovered UE per discovering UE vs. discovery time without in-band emission
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Figure 2: Average number of discovered UE per discovering UE vs. discovery time with in-band emission
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Figure 3: Discovery probability vs. pathloss with in-band emission (discovery times = 1/5)
From the results, we can find the following observations.
· The multi-resource mechanism can obtain higher discovery probability than single resource without in-band emission. With larger resource pool, multi-resource allocation shows more benefits due to more discovery opportunities.

· When in-band emission is modeled, the performance of multi-resource mechanism degrades greatly, which is even worse than single resource allocation. The impact of in-band interference is more significant with larger N or less discovery resources. From Figure 3, multi–resource mechanism shows benefits only when the pathloss of D2D link is small, especially for the first-time discovery.
· With doubled discovery subframes, the number of discovered UEs increases significantly. The increase slows down when there are a mass of discovery subframes.
· In-band emission can lead to significant performance degradation especially when the number of discovery subframes is small.

Proposal 3: Tradeoff between resource overhead and discovery performance should be further considered under the assumption of in-band emission.
3. Conclusion 

In this contribution, we discuss the details of resource multiplexing and allocation for D2D discovery. Based on analysis of different multiplexing schemes, it is proposed that D2D discovery traffic and cellular traffic are allocated in different subframes. Discovery signals of different UEs can occupy different frequency/time resources in each discovery subframe. Whether to allocate multiple resources for one UE within one discovery period can be further considered. The initial system simulation results are provided with the suggestion to further study the resource allocation scheme under the assumption of in-band emission.
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5. Appendix
Table 1: Simulation assumptions

	Parameter 
	Assumption 

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site

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

	Channel model
	According to the agreements in chairman notes of #73meeting and email discussion [#73-10/10a]

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network operation
	In NW coverage

	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
	44RBs

	Discovery subframes number in one period
	16/32/64

	Discovery signal format
	1RB PUSCH with two slots

	In-band emission
	According to 36.101

	Discovery range
	300m

	Multiple access type
	SC-SDMA

	Modulation type
	QPSK

	Message size
	128bits

	UE mobile speed
	3km/h






















































































