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1. Introduction
Resource allocation for D2D communication was discussed in RAN1 #76bis and the following agreements on resource patterns for transmission (RPT) were made:
Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined

· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1

· RPT is either implicitly or explicitly signaled in SA

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs

For the resource allocation Mode 2, it is important for each Tx UE how to determine the data resource. In this contribution, we adopt the concept of RPT (which generally implies the pattern of the combinations of Tx data resources at each Tx opportunity) and discuss on the details of the RPT for the distributed resource allocation.

2. Mode 2 resource allocation for D2D communication
2.1. Time randomization for D2D transmissions
The resource unit and resource pool considered in [1] are defined as illustrated in Figure 1. The whole frequency region is divided into NF units and each resource unit appears with the periodicity of NT subframes. This figure illustrates an example that the patterns are orthogonal to each other and the Tx opportunity in each pattern is consecutive. 
We note that the discussion on the RPT patterns in this paper focus on the time resource (i.e., subframe) pattern. If the frequency resource pattern is also included in defining RPT patterns, the final number of RPT patterns should be increased as each RPT pattern will be defined as a combination of time pattern and frequency pattern. 
In Figure 1, we assumed no frequency or time domain resource hopping and the four repeated transmissions of each Tx opportunity are carried out within four consecutive subframes. There are total of 5 units within 20ms periodicity. In this case, it can be said that there are only 5 orthogonal (RPT) patterns for a specific frequency slot. Each transmitter UE uses one resource unit that consists of MRB RBs repeated over MSF subframes. We set MRB=4 and MSF=4 with NF=12 (in 10 MHz (=50 RB) bandwidth) and NT=20. Thus, 60 resource units are defined in total. However, during the repeated Tx duration, the Tx data undergoes the same interference patterns at each Tx opportunity. By randomization (or averaging) of these interference patterns, the performance of the reception for the D2D Rx UEs can be considerably improved. In addition, it can be also observed that the frequency hopping is only useful for the randomization of small fraction of the interferences derived from in-band emissions. Thus, only the randomization of the time allocation is considered in this contribution as shown in Figure 2.
When there is no limit for the number of RPT patterns, four different subframes out of total 20 subframes can be selected in a fully random manner in time domain in order to fully utilize the time diversity. The number of combinations are 4845 (= 20C4) which may be somewhat excessive to construct a RPT set. Thus, we consider more practical RPT designs for the D2D use cases.
When the number of patterns is relatively small, it is easier to maintain the orthogonality between each patterns. However, if the number of Tx UEs increases, the probability of selecting the same pattern and consequently the collision of scheduled resource among Tx UEs also increases. On the other hand, when the number of patterns is large, it is difficult to maintain the orthogonality between each patterns. It implies that different UEs can often select their own patterns where the part of the patterns are overlapped. But due to the various kinds of patterns, it rarely occurs where the large portion or whole of the patterns are overlapped. Here, we adopt the 16 patterns and 256 patterns of RPT sets based on [2].
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Figure 1. An illustration of defining resource units for D2D communications.
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Figure 2. An illustration of resource allocation with time diversity

2.2. Evaluation of the performance using RPT
This section provides some evaluation results according to the RPT patterns which are expected to control the aspect of the interference randomization. The following methods for resource allocation are evaluated and compared:

· Random selection among 5 (time-orthogonal) subframe patterns: One resource unit (e.g. MSF consecutive subframes) is randomly selected in every NT subframes. If NT= 20 and MSF=4, there are 5 orthogonal patterns per each frequency slot. First, the Tx UE randomly select the frequency slot among the whole available bandwidth and then randomly select one of the 5 orthogonal patterns for the selected frequency slot.
· Fully random selection: Each Tx UE randomly select the frequency slot among the whole available bandwidth similar to the above method. Then, the Tx UE randomly selects MSF (e.g. MSF=4) opportunities exclusively out of  the total NT subframes (e.g. NT=20).

· Random selection among predefined RPT subframe patterns: When the RPT is applied for resource allocation (e.g. explicitly signaled in a SA), it is needed to be decided whether a certain amount of  RPT pattern  is suitable. Here, within the maximum available combinations of RPT subframe patterns (i.e. 4845 patterns), the performance of the resource allocation according to the  size of the RPT set composed of the predefined RPT patterns is evaluated. In this section, we use the RPT set with size of 16 patterns and 256 patterns. When the size is large enough, it is expected to show similar performance to the full random manner. 
· Energy sensing among predefined RPT subframe patterns: In case of the small RPT set size, the effect of interference randomization and the time diversity is relatively small. In this case, the energy sensing (to select the resource with the minimum received energy ) method can be also combined to avoid the collisions better. The Tx UE uses the energy sensing to find the resources with minimum received energy in both frequency domain and time-domain (i.e. the Tx UE measures the energy of the whole RPT patterns in every frequency slot.).
We assume that the scheduling information indicated in a SA is valid during 100 ms (i.e. SA period is 100 ms). More details on simulation assumptions are shown in Appendix A. From Figure 3 (a) to Figure 3 (c), we show the evaluation results for 3 Tx UEs per cell for various UE dropping models (outdoor hotspot , outdoor uniform and indoor-outdoor mixture).
A general observation of these results is that the larger the RPT set size the better performance as can be easily predicted. By only exploiting the time diversity, it outperforms the random selection (of orthogonal patterns) method. It shows nearly equivalent performance by well designing the RPT set while restricting the size of RPT set to 256. In case that the size of RPT set is restricted to 16, it shows somewhat better performance than the random consecutive selection, but the performance is much less compared to RPT set size of 256 . In this case, by applying the energy sensing scheme, it can be seen that the performance is rather increased.
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(a) Outdoor hotspot
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(b) Outdoor uniform
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(c) Indoor-Outdoor mixture

Figure 3. Performance of resource allocation for D2D communication
Observation 1: In random resource selection, the performance of the D2D communication is dependent of the size and the design of the RPT set.
Observation 2: When the size of RPT set is limited, collision avoidance method such as energy sensing improves the performance.

3. Conclusion
This contribution discusses on the resource unit selection for D2D communication according to several RPT patterns. Based on the analysis and simulation results, the following observations were made:

Observation 1: In random resource selection, the performance of the D2D communication is dependent of the size and the design of the RPT set.
Observation 2: When the size of RPT set is limited, collision avoidance method such as energy sensing improves the performance.
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Appendix A. Simulation parameters and assumptions

	Carrier frequency
	700MHz

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

	Number of transmitter UEs
	3 UEs per cell

	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 mix 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
	- Random consecutive selection

- Fully random selection in time domain

- RPT based (with or without energy sensing)

	Packet duration
	4 RBs repeated over 4 subframes  (consecutive or distributed) 

	SA period
	100ms
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