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1. Introduction
In the contribution on resource allocation [1], we proposed to allocate specific discovery subframes in each discovery period for D2D discovery. The multiplexing of different discovery signal can be TDM or FDM. In RAN1#74 meeting, similar agreements were made for design of type 1 discovery:
Agreement on Type 1 Discovery:
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

In this contribution, we further discuss the resource allocation for D2D discovery. Since the unit of discovery resource varies with different sequence as discovery sequence [2], we stress on the resource allocation of discovery message in this contribution.
2. Discussion
2.1. Discovery resources per period
In each discovery resource period, some time-frequency resources are allocated to be discovery resources. It is expected that several continuous subframes are allocated as discovery subframes, in which the whole bandwidth can be used for discovery except for possible resources of legacy PUCCH. In case of in-coverage, the discovery subframes area for type 1 discovery and the discovery subframe(s) for transmitting or receiving for type 2 discovery can be indicated by eNB. For out-of-coverage case, the discovery subframes can be preconfigured or configured by cluster head if possible for type 1 discovery. With more discovery resources, the probability of resource collision and in-band emission can be lowered, and more UEs can be discovered. Nevertheless, the resource overhead will be a problem then.
In Figure 1 and 2, we compare the discovery performance with different number of discovery resources (16/32/64/128 subframes) within one period in different scenarios. The direct discovery process described in [3] 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. Other simulation assumptions are listed in the appendix. Neither timing error nor guard period is included in this evaluation.

 It can be found that the discovered UE number increases significantly with more discovery subframes. It is because impact of in-band emission decreases with less D2D UEs per subframe. However, the increase slows down when there are a mass of discovery subframes (e.g. 128 subframes). The number of discovery resources/subframes should be decided considering the gain derived from the increased resource overhead.
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Figure 1. Performance of different number of discovery resources for Option 1
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Figure 2. Performance of different number of discovery resources for Option 5 (all outdoor UEs, w/ IBE)
Proposal 1: The number of discovery subframes can be preconfigured/configured considering resource overhead and discovery performance.

2.2. Discovery resources per UE
With allocated discovery subframes, the specific discovery resource for each D2D UE can be allocated by eNB or selected by D2D UEs. Each UE occupying one discovery resource in one discovery period is a simple way. 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 are possible 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 within the fixed size of resource pool. Tradeoff between in-band interference and discovery opportunity should be further considered for different scenarios.
The system performance is evaluated based on different number of discover resources per UE. N random discovery resources are allocated for a discovered UE in one discovery period where N=1, 2, i.e one/two PRB pairs. The simulation assumptions are similar to that of section 2.1. From the results in Figure 3, we can find that the performance of multi-resource mechanism is worse than that of single resource even with 64 discovery subframes, since the in-band emission is the primary factor of global discovery performance. Nevertheless, from Figure 4, multi–resource mechanism shows benefits when the pathloss of D2D link is small, especially for the first-time discovery. In application scenarios requiring only small range discovery, this mechanism could be beneficial. There may be other application scenarios, e.g. for some D2D UE(s) with higher discovery priority.
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Figure 3. Average discovered UEs for different discovery resources per UE (Option 1)
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Figure 4. Discovery probability vs. pathloss for different discovery resources per UE (Option 1, 64 subframes)
Proposal 2: Configurable number of discovery resource within one discovery period for a certain UE can be considered for some special application scenarios.

2.3. Discovery resources allocation
When discovery signal transmission are allocated on a non UE specific basis, the discovery resource(s) of a D2D UE is selected from the discovery resources pool within one period by the UE itself. How to select the discovery resource is an important issue which would significantly impact the discovery performance.  When discovery signal transmission are allocated on a UE specific basis, the discovery resource for each UE can be configured by eNB, and eNB can select a reasonable resource to avoid the collision with other UEs. In this section, some basic mechanisms of discovery resource allocation are evaluated to be a reference for further study. Specifically, the following four methods are evaluated for resource allocation:
RAM 1: Random selection of one discovery resource among resource pool in each discovery period.
RAM 2: Select the resource to avoid resource collision within each cell via eNB scheduling.
RAM 3: Select the resource to avoid resource collision within each eNB via eNB scheduling.
RAM 4: Each D2D UE measures the interference in each discovery resource and selects the resource with low interference.
The results are shown in Figure 5-8. From Figure 7, the performances of resource allocation method 1/2/3are similar with 64 subframes due to low collision probability. From Figure 5, it can be find that small gain can be obtained in the first times of discovery with 16 subframes, and similar performance for more discovery periods. The gain can be found more clearly in Figure 6. Although RAM 2 and 3 can avoid the multiplexing interference within a cell/eNB, the performance isn’t significantly improved due to two reasons: 1) the in-band emission is a larger impact factor than multiplexing interference to discovery performance, which is similar for these RAMs; 2) the occupied resource within a cell/eNB is increased by RAM 2/3 compared to RAM 1 and the D2D UEs belonging to other cells/eNBs is harder to be discovered. Furthermore, a UE who is failed to be discovered in one period due to resource collision can be discovered with increase of discovery periods, and the performance of RAM1/2/3 will be closer with more periods.
On the other hand, RAM 4 shows worst performance among these methods. For RAM 4, measurement based resource selection can only ensure low interference at discovered UE side, but it doesn’t mean the same low interference at discovering UE side, especially when they are far from each other. On the contrary, since each discovered UE selects the resource with low/void in-band emission or multiplexing interference from its nearby UEs, e.g. the resource in different subframe or in large spacing subband, and then the neighboring UEs of a discovering UE will take discovery resource always following above way. As a result, strong in-band emission from neighboring UEs will always cover most of the resources for a discovering UE. Then the opportunity for the UE to discover further UEs, e.g. UEs with farther distance and suffering more in-band emission impact, will be significantly reduced even with more discovery periods. From Figure 8, it can be found that RAM 4 can provide higher discovery probability than RAM 1 only for the D2D UEs which are close to each other. Some of the UEs with larger pathloss can’t be discovered even in very long time due to the persistent in-band emission from the UEs with small pathloss.
Only some basic methods of resource allocation are discussed here. More study is needed to find better mechanism for resource allocation/selection. For further evaluation of resource allocation, random resource selection (RAM 1) which is simple, robust and efficient can be the baseline scheme for comparison.
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Figure 5. Average discovered UEs for different resource selection schemes (Option 1, 16 subframes)
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Figure 6. CDF of discovered UEs for RAM1/2/3 in the first discovery period (Option 1, 16 subframes)
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Figure 7. Average discovered UEs for different resource selection schemes (Option 1, 64 subframes)
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Figure 8. Discovery probability vs. pathloss for RAM1 and RAM4 (Option 1, 64 subframes)
Proposal 3: Random resource selection can be the baseline scheme for resource allocation.
3. Conclusion 

In this contribution, we discuss the details of resource allocation for D2D discovery. With larger discovery resources overhead, the more UEs can be discovered. To decide the reasonable number of discovery resources within one period, tradeoff between resource overhead and discovery performance is needed. For further comparison of different resource allocation/selection methods, random resource selection can be the baseline scheme. Other optimized methods with better performance than the baseline scheme are expected. To summarize, the proposals are listed below.
Proposal 1: The number of discovery subframes can be preconfigured/configured considering resource overhead and discovery performance.

Proposal 2: Configurable number of discovery resource within one discovery period for a certain UE can be considered for some special application scenarios.

Proposal 3: Random resource selection can be the baseline scheme for resource allocation.
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5. Appendix
Table 1: System level simulation assumptions

	Parameter
	Assumption

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

Option 1: (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell) 
Option 5: Urban macro (1732 m ISD) with uniform UE distribution

	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 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
	16/32/64/128

	Discovery signal format
	1 PRB PUSCH with two slots

	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

	Message size
	104bits

	UE mobile speed
	3km/h






















































































