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1. Introduction

In the Rel-12 WID for LTE D2D [1], the followings are agreed to be studied for resource allocation of D2D discovery and communication:
· Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

· Distributed resource allocation mechanisms from allocated resource pool(s), for D2D discovery and broadcast communication [RAN1, RAN2] 

· eNB resource allocation mechanisms, for D2D discovery and broadcast communication [RAN2, RAN1]
In the report for D2D SI in Rel-12 [2], the working assumption for resource allocation of type 1discovery is:
For Type 1 discovery the following is agreed to:

· Periodic uplink resources are allocated for discovery in a semi-static manner

· Discovery transmission resource configuration consists of a discovery period, number of sub-frames within a discovery period that can be used for transmission of discovery signals, and FFS number of PRBs.
· For a UE in-coverage these resources are configured by an eNodeB.
· Allocation can be performed using RRC signaling.

· Working assumption: Resource allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.

· Working assumption: A discovery resource has a duration of not less than 1ms and is used for a single transmission of a given discovery MAC PDU by a UE

·  If required by the final decision on MAC PDU size, discovery resource duration can be greater than 1ms. 

· In this case the duration would be a multiple of 1ms and consist of consecutive sub-frames with resource allocation for discovery.

· TDD special sub-frame is FFS.
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
· Working assumption: For Type 1discovery, further to the baseline random selection of a discovery resource agreed to above, the following FFS options can be further studied: 
· Repetition (either contiguous or non-contiguous) of transmission of a given MAC PDU by a UE within a discovery period is FFS. If supported: 

· FFS between:

· The 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.

· The UE performs random selection for each discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU.

· The maximum number of repeated transmissions is FFS.
· A UE’s transmission on a discovery resource (or on a set of discovery resources if repetition is supported) can be based on:
· Option 1: Transmitting UE’s transmission period and offset.
·  Option 2: Fixed or adaptive transmission probability derived from a pre-configured/configured nominal transmission probability.
·  Others.
· The study can include the number of discovered UEs and latency as metrics.
In this contribution, we further discuss the resource allocation for type 1 D2D discovery based on the above working assumption and the simulation/analysis in [3].
2. Discussion
2.1. Allocation mechanism of discovery resources
In our contribution [3], we discuss two solutions to solve the interference issue in case of insufficient discovery resources for a mass of D2D UEs. Grouped discovery resources (as shown in Figure 1) for different D2D UEs are proposed to provide better discovery performance with little specification impact. In [4], it is argued that though more UEs are discovered, this method would lead to larger discovery latency for nearby UEs with small pathloss since only half of the D2D UEs would transmit signal in one discovery resource period. By now no requirement to the discovery latency or the number of discovered UEs is provided from SA. It is difficult to judge which metrics is more important for D2D discovery, which makes it hard to select the transmission mechanism. In this case, it would be better to give eNB larger freedom to allocate discovery resources targeting different metrics.
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Figure 1: UE Groups based discovery period/resource configuration
The latency issue of resource grouping can be relieved by restricting D2D UEs to always transmit discovery signal in its first resource period and perform resource grouping from the second period. If a receiver starts to detect the signal before the discovery signal transmission, the nearby transmitter could be discovered immediately without latency. However, if the receiver detects signal when the discovery signal has been transmitted for some periods, there would be still some latency as shown in [4]. However even with energy based selection, latency due to first energy monitoring cannot be reduced either. To evaluate the latency and number of discovered UEs, it is assumed that a receiver detects before interested signal transmission with a probability P. P=1 means all the receivers are listening when a D2D UE starts to transmit discovery signal. 
In Figure 2 and 3, the number of discovered UEs with different values of P and the discovery probability for different pathloss is evaluated. It can be found that with P=0.5, the difference of discovered UEs number in the first period between one group and two groups is small compared to the significant gain in the following periods. The discovery probability of D2D links with small pathloss with two groups and P=0.5 is also close to that with one group from the second period. All things considered, the allocation mechanism with resource grouping should be considered for discovery resource allocation to provide more flexibility for resource allocation.
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Figure 2: Number of discovered UEs for different resource allocation schemes
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Figure 3: Discovery probability for different resource allocation schemes
Proposal 1: Resource grouping based discovery resource allocation should be considered to give eNB more flexibility especially for cases of insufficient discovery resources.

To perform resource grouping based resource allocation, eNB can configure different offsets/periods and a resource pool for all actual transmisstion resource sets. UE generates its corresponding resource offsets/periods by its UE-specific parameter (e.g. D2D ID) or by a randomization method. Other methods are not precluded. As shown in Figure 1, the configured transmission pool are divided into two for actual transmission according to discovery resource periods/offsets. 
2.2. Repetition of discovery message in one period
During the D2D SI, it is FFS whether repetition of one discovery message within a discovery period is introduced and the details of repetition method are also FFS. It was analyzed in our contribution [3] that repetition of discovery message can provide more discovery opportunity and additional combination gain to resist the half-duplex constraint and strong interference. In this section, we further discuss the benefits of repetition and the detailed resource allocation with repetition.
In Figure 4-5, the discovery performance with (R=2) or without (R=1) repetition and different repetition mechanisms are evaluated. If repetition is adopted, each resource for repetition can be selected individually in a random manner, in which case soft combination is unavailable. The resources for repetition can also be selected via a fixed resource mapping pattern (RMP 3 in [3] is adopted for simulation), while the first resource is selected randomly. It can be found in Figure 5 that when the discovery subframes are sufficient, repetition via fixed pattern can provide significant gain in discovered UEs number via soft combination, while repetition via random allocation would degrade the performance due to increased interference and loss of combination gain.  From Figure 4, we can find that repetition via fixed pattern can provide benefits even when the discovery resources are insufficient by association with resource grouping in section 2.1. Repetition with associated resource pattern is an advanced and robust mechanism which can be applied to different scenarios.
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Figure 4: Average number of discovered UEs for different repetition methods (44x16)
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Figure 5: Average number of discovered UEs for different repetition methods (44x64)
In [4], a mechanism which can provide similar soft combination gain was proposed. Fixed resource hopping among different discovery periods is adopted so that the receiver can combine the soft bits in different periods to obtain the gain. Nevertheless, the receiver need to store the soft bits acquired in each discovery resource in the resource pools for several periods for combination. This would require a large soft buffer at device and occupy a mass of memory especially when the discovery periodicity is long and the resource pool is large. Repetition within one period (particularly when repetition happens in the contiguous subframes) can avoid this issue and meanwhile obtain the same gain.

To confirm the maximum number of repeated transmission in one period, we also provide some simulation results on repetition times in Figure 6. For case of sufficient discovery resources (64 subframes), it can be found that two repetition can provide better or comparable performance to other values. With larger repetition times, the issue of half-duplex constraint and interference would be serious and degrades the performance. When the resource pool is smaller, more repetition is not expected to provide any benefit. Considering two-repetition is robust for different resource pool sizes, it is proposed that the repetition time is constant to be 2 for simplification of signaling and design. Configurable repetition time between 1 and 2 by eNB can also be considered for flexibility.
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Figure 6: Average number of discovered UEs for different repetition times
Proposal 2: Repetition of one discovery message within a discovery period should be supported
· The discovery resources for repeated message are associated with fixed mapping pattern.
· The repetition time of one message is fixed to 2 or configurable by eNB between 1 and 2.
2.3. Multiplexing of discovery signal and WAN signal
It was agreed that periodic resource pools were allocated for type 1 discovery, which could consist of a set of subframes or some subbands within subframes. For the latter case, the other subbands can still be used for transmission of cellular PUSCH via FDM. Nevertheless, since the timing of cellular signal and discovery signal is different, additional interference may be introduced by FDM. If several PRBs are reserved as guard band, the resource efficiency would be reduced. Furthermore, cellular signal may be greatly impacted by in-band emission from D2D signal when D2D UEs are closed to eNB. Especially when power control is not introduced for type 1 discovery, even non-cell-central D2D link may impact the cellular transmission. Since discovery resource pool is allocated for a lot of D2D UEs, it is very different for eNB to schedule a cellular transmission without interference from any D2D link. Therefore, FDM between type 1 discovery and cellular transmission is not recommended. The resource pool for type 1 discovery should consist of the whole bandwidth in a set of subframes except the resources for PUCCH. 
Proposal 3: The resource pool for type 1 discovery consists of a set of subframes without cellular PUSCH transmission.

3. Conclusion 
In this contribution, we discuss the details of resource allocation for type 1 D2D discovery, and the proposals are listed below.
Proposal 1: Resource grouping based discovery resource allocation should be considered to give eNB more flexibility especially for cases of insufficient discovery resources.

Proposal 2: Repetition of one discovery message within a discovery period should be supported

· The discovery resources for repeated message are associated with fixed mapping pattern.
· The repetition time of one message is fixed to 2 or configurable by eNB between 1 and 2.
Proposal 3: The resource pool for type 1 discovery consists of a set of subframes without cellular PUSCH transmission.
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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) 

	Channel model
	According to TR 36.843 v0.1.0

	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 v1.0.0

	Discovery Bandwidth
	44RBs

	Repetition pattern
	The repeated discovery signal occupies the same PRB as the first resource in the following discovery subframe

	Discovery subframes number in one period
	16/64

	Discovery signal format
	1 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each discovery period as baseline;
UE selects the resource offset/period randomly;

	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


_1451457414.vsd
Cellular Resource


…


Discovery resource for UE group1


…


Discovery period of UE group2


Discovery period of UE group1


Discovery resource for UE group2


…


Period of discovery resources



