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1. Introduction
Resource allocation for D2D communication was discussed in RAN1#75 and the following working assumption and way forward were agreed:

Working Assumption:

· When transmitting UEs are out of network coverage, the resources used for D2D broadcast traffic are selected from a resource pool 

· The resource pool can be preconfigured, or semi-statically configured

· The details are FFS on how the resource is selected from the pool

· If the resource pool is semi-statically configured, the method of semi-statically configuring the resource pool is FFS

· Note that the criterion for “out of coverage” for the purpose of this UE behaviour would need to be defined. 

Agreed Way Forward: 

· Evaluate further until RAN1#76 whether the selection is done by each transmitting UE and/or by a central node, including modelling of contention and time delay between sensing and transmission. 

· Email discussion until Friday 29th November to consider revisiting the RSRP threshold. 

This contribution provides performance results of resource selection methods evaluated under contention modeling as per the agreed way forward. Discussions on the resource pool configuration are provided in [1].
2. Evaluation assumptions
Figure 1 shows the resource configuration assumed in this paper. One unit consists of MRB=4 RBs and MSF=4 subframes. With the system bandwidth of 10 MHz and the resource unit period of 20 ms, 60 resource units are defined in total. Non-clustering method is assumed in this paper, so all the 60 units are configured as the resource pool for every transmitter UE. As VOIP packet arrives at an ON-state UE once in every 20 ms, it is assumed that each UE transmits the arrived packet using one unit in the 20 ms duration.
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Figure 1. An illustration of defining resource units for D2D communications.

The minimum detected energy is adopted as the resource selection criterion. Each transmitter UE measures the total energy (including co-channel interference and in-band emission from the other transmitter UEs) and is assigned with the unit on which the measured energy is the smallest. Due to the half-duplex constraint, a UE is not able to do this measurement operation when it is transmitting D2D signals. So, we assumed the following measurement and resource selection procedure for each transmitter UE:
· When a UE is in the OFF state in one 20 ms period, it performs the measurement and selects the unit with the least energy. The UE uses the selected unit for the VOIP packet transmission if the UE enters the ON state in the next 20 ms period.

· A UE does not change the resource while it stays in the ON state.

We note that an ideal energy measurement was assumed in terms of the latency and the accuracy. Further discussion on the non-ideality is provided in Section 4.

To enable the adaption of the synchronization topology, it can be assumed that one synchronization source has finite time duration [2]. In order to model the potential change of the synchronization resource and the resulting resource reassignment, we further assume that the resource selection is reset once in T subframes. At the beginning of each resource reset period, an “initial resource allocation” is done for all the transmitter UEs in the ON state based on the energy-based allocation with random backoff: Each ON-state transmitter UE randomly initializes the backoff counter X in the range [0, CW-1] with a given integer CW. UEs having X=0 randomly selects the resource unit first. Then, UEs having a non-zero X sequentially selects the resource unit with the minimum energy under the assumption that each ON-state UE having a backoff counter less than X emits the transmission power on the resource unit it has selected. In other words, UEs having the backoff counter X are fully aware of the interference caused by UEs having the backoff counter less than X, so resource collision can be avoided among UEs having different backoff counters. However, UEs having the same backoff counter are unable to take the mutual interference into account in selecting the resource units. We note that CW=0 leads to a fully random initial resource allocation while the infinite CW corresponds to the “genie-aided case” where resource collision never occurs. We also note that no resource overhead is assumed for this initial allocation. Figure 2 illustrates the overall resource allocation procedure assumed in this paper.
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Figure 2. An illustration of the resource selection procedure.
3. Evaluation results
Resource reset period of 1000 subframe (i.e., 1 sec) is assumed in this section and the backoff window size CW is set to 0, 15, 30, 60, and the infinity. More details on simulation assumptions are shown in Appendix.
Figure 3 shows the CDF of number of successful receivers for each transmitter when three transmitter UEs are assumed per cell. Three UE dropping models, outdoor uniform, outdoor hotspot, and indoor-outdoor mixture cases, are evaluated. We can observe that the initial resource allocation affects the overall performance with the 1 sec resource reset period. This implies that, once a bad resource allocation is done, it affects the performance for non-negligible time duration. It is also observed that a larger backoff window size CW leads to a better performance, but the overhead for this random backoff needs to be taken into account as discussed in Section 4. The difference among the initial resource allocation methods is small in the indoor-outdoor mixture case because of the reason discussed in [1].
Observation 1: Even when an energy-based resource allocation is used, the overall performance of D2D communications is affected by the method of allocating resources at the resource reset instances. Random backoff with an enough backoff window size has a potential to improve the performance.
[image: image3.emf]0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

0 10 20 30 40 50 60 70 80 90 100

CDF

Number of Successful Connections

CW = 0

CW = 15

CW = 30

CW = 60

CW = infinite

Upper bound


(a) Outdoor uniform case
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(b) Outdoor hotspot case
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(c) Indoor-outdoor mixture case

Figure 3. CDF of number of successful receivers for (a) outdoor uniform, (b) outdoor hotspot, and (c) indoor-outdoor mixture UE dropping cases when three transmitter UEs are assumed per cell.
Figure 4 shows the performance when the number of transmitter UEs per cell increases to 9. Compared to the results in Figure 3, we can observe that the gap between different CW values relatively increases, considering the fact that the overall number of successful connections decreases with more UEs are selected as transmitters. Also, due to the increase in the number of transmitters, a relatively larger CW value is needed to get the performance close to that of the “genie-aided allocation.”
Observation 2: The performance gap between different backoff window sizes increases as the number of transmitter UEs increases. A relatively larger window size is needed to achieve the performance close to that of the genie-aided allocation.
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(a) Outdoor uniform case
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(b) Outdoor hotspot case
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(c) Indoor-outdoor mixture case

Figure 4. CDF of number of successful receivers for (a) outdoor uniform, (b) outdoor hotspot, and (c) indoor-outdoor mixture UE dropping cases when nine transmitter UEs are assumed per cell.
4. Consideration points
This section provides several additional consideration points for the resource allocation methods evaluated in this paper.
Non-ideality of the measurement

The evaluated energy-based resource selection may be affected by any non-ideality of the energy measurement existing in practical implementations. This energy measurement is similar to the existing RSSI measurement in the sense that all the components are measured together. Some differences are also observed, for example, the considered energy measurement is a narrowband measurement and the measurement time is expected to be much shorter than the existing RSSI measurement. In addition, high energy received in a frequency region degrades the granularity of measurement in a low-energy frequency region in the same subframe, which may lead to more inaccurate energy measurement in some low-energy resource units which are more probable to be used. Thus, the assumed energy measurement may not be so accurate or there can be some measurement latency if the inaccuracy is to be compensated by having a larger measurement window. Also, it may be difficult for a UE to directly apply the measurement result to the resource selection and some gap may be necessary between the end of the measurement duration and the start of the D2D signal transmission using the measurement result.
Resource selection criterion
The minimum-energy criterion is used in this evaluation, but a different selection criterion may be considered for further improvement. An example is to have some randomness in selecting the resource unit so that two UEs sharing very similar measurement results still have a chance to avoid the resource collision. One may also consider the offered load in the resource selection, for example, a UE may drop its communication transmissions if it is not able to find a suitable unit in a heavily loaded situation. In addition, the resource selection criterion needs to be able to encompass a wider-band transmission which occupies more than one resource unit.

Resource overhead for the random backoff
A proper design is necessary to take the advantage of the random backoff operations. The required overhead is directed related to the length of the backoff time unit. It is possible to use the resource unit itself as the backoff time unit, but this implies that the D2D transmissions should be delayed by X*NT subframes until the backoff finishes at the UE. One remedy to this problem is to have a separated resources for the backoff operation, e.g., by sending a short signal to inform other UEs (having larger backoff counters) of the interference to be caused by the UE.
5. Conclusion
This contribution provided evaluation results of a resource selection method based on energy sensing under a periodic resource reset that may be caused, e.g., by the change of the synchronization reference. The observation from the evaluation results can be summarized as follows:
Observation 1: Even when an energy-based resource allocation is used, the overall performance of D2D communications is affected by the method of allocating resources at the resource reset instances. Random backoff with an enough backoff window size has a potential to improve the performance.
Observation 2: The performance gap between different backoff window sizes increases as the number of transmitter UEs increases. A relatively larger window size is needed to achieve the performance close to that of the genie-aided allocation.
Also several consideration points were discussed for the evaluated resource allocation methods including the non-ideality of the energy measurement, resource selection criterion, and resource overhead for the random backoff.
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Appendix. Simulation assumptions for VoIP communication evaluation

	Carrier frequency
	700MHz

	Number of UEs
	1,824 (32 UEs per cell)

	Number of transmitter UEs
	3 UEs per cell for Figures 3, 

9 UEs per cell for Figures 4

	Tx Power
	23 dBm

	Frequency offset
	100 Hz

	Channel and UE drop model
	1) Outdoor uniform drop

2) Outdoor hotspot drop (2/3 of UEs are within 40m radius)

3) Indoor-Outdoor mixed drop (2 indoor hotspot buildings per sector, 80% indoor, 20% outdoor)

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	CP length
	Normal CP

	Modulation
	QPSK

	Coding rate
	0.342 (328bits in 4RBs 164 QPSK symbols in 480 REs ) 

	Traffic model
	VoIP traffic as agreed in [74-12]

	Resource allocation
	Energy sensing based resource allocation

	Resource pool configuration
	Non-clustering

	RSRP threshold for association
	-107 dBm

	Packet duration
	4 RBs repeated over 4 subframes

	Offset values for in-band emission
	{3, 6, 3, 3}
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