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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. 

Meanwhile, it was shown [1] that time-domain coordination in the resource configuration is an essential part in designing D2D communications. This contribution provides continuing discussions on the configuration of the resource pool which can provide the time-domain resource coordination. Discussions on the resource selection out of the configured resource pool can be found in [2].

2. Resource pool configuration for time-domain multiplexing
As discussed in [1], resource allocation for D2D communications should be able to provide the nature of time-domain multiplexing among D2D communications as well as multiplexing with the other signals. This implies that transmissions from a communication transmitter UE needs to be limited to a subset of time resources. The main reasons are as follows:
· Solution to the half-duplex constraint:  A D2D transmitter UE needs to receive other signals in some time duration. These signals include D2D signals from other UEs as well as non-D2D signals like PSS/SSS used for the cell search.
· Coexistence with Uu and D2D: Time-domain separation of Uu and D2D was agreed, so D2D transmissions (including those from out-NW UEs in partial coverage scenarios) need to be limited to non-Uu subframes. More discusssion on the impact of un-synchronized D2D transmissions on Uu can be found in [3].
· Solution for listening to multiple un-synchronized transmitters: When a D2D receiver UE needs to receive D2D signals transmitted from multiple un-synchronized transmitters, it is necessary to allocate non-overlapping resources to the transmitters so that the transmissions are multiplexed in the time domain (e.g., support of asynchronous inter-cell discovery by using time-separated resources was discussed in [4, 5], and the same rationale is applicable to D2D communications).
· Near-far problem mitigation: It was shown in [1] that the in-band emission causes the near-far problem, and this can be solved by “clustering” D2D transmitter UEs such that closely-located UEs use the same set of time resources.
When the transmitter UE is inside the network coverage, such time-multiplexed resource allocation can be done via signaling from the eNB. When the transmitter UE is outside the network coverage, a signaling method needs to be defined to enable such operations; each out-NW transmitter UE is configured with a resource pool in the working assumption via this signaling. We note that, as per the working assumption, such a resource pool configuration is independent of the decision on how the resource is selected from the pool for the use in each transmitter UE. If PD2DSCH is defined to deliver information that should be known to out-NW UEs prior to the D2D transmissions, it seems straightforward to embed the resource pool configuration information in PD2DSCH [6]. In partial coverage scenarios, by controlling the resource pool configuration information in PD2DSCH transmitted from in-NW UEs, it is possible for the eNB to manage the resource pool to be used by out-NW UEs in consideration of interferences among Uu and D2D. In the scenario of outside network coverage, the resource pool configuration can be designed as a part of the synchronization procedure discussed in [7]. For example, the synchronization source that initiates the D2DSS/PD2DSCH transmissions by itself (e.g., the source with hop count zero) can select a proper resource pool based in its measurement; if this D2DSS is relayed, it is FFS whether the same or different resource pool is used for the UEs having different synchronization stratum.
Proposal 1: Time-domain multiplexing of D2D communications should be supported. 

Proposal 2: The resource pool used for UEs outside network coverage is configured via PD2DSCH. In partial coverage case, the eNB should be able to control the resource pool configuration transmitted from the UEs inside network coverage.
3. Evaluation of the clustering-based resource pool configuration
This section provides more evaluation results on the clustering-based TDM resource coordination which can mitigate the interferences caused by the in-band emissions [1]. The resource unit and resource pool considered in this section 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. Each transmitter UE uses one resource unit that consists of MRB RBs repeated over MSF subframes. In this section, one resource pool is defined as the set of resource units defined on the same set of subframes. However, we note that this assumption is just for the evaluation and more flexibility can be allowed in defining the the resource pool depending on the signaling details (e.g., one resource pool can span more than MSF subframes in every NT subframes, potentially covering the whole time/frequency resources). Furthermore, one may consider a soft resource reuse among clusters, e.g., by adding a bias to the resource selection metric for the resource units belonging to the resource pool of the associated cluster. In this section, 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, and this makes 5 resource pools each of which contains 12 units. We note that the illustration in Figure 1 assumes no frequency or time domain resource hopping.
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Figure 1. An illustration of defining resource units for D2D communications.
Two different resource pool configuration methods are evaluated in this section. One is the non-clustering method where any resource unit can be allocated to each transmitter UE. In other words, the resource pool is the entire set of resource units in the non-clustering method from each transmitter perspective. The other is the clustering method where each cluster is sequentially created and assigned with one resource pool containing 12 units based on the pahtloss-based allocation in [1]: One UE is randomly selected from the UEs whose pathloss to any existing cluster head is larger than the clustering threshold. The selected UE becomes another cluster head and takes the resource pool in which the pathloss to an existing cluster head using the same pool becomes the largest. Each non-cluster head UE is associated with the closest cluster head and restricted to use only the units of the cluster head’s pool. For the resource selection for each transmitter UE, the following two methods are evaluated:

· Random selection method: One unit is randomly selected for the use of each transmitter in every NT subframes. When the clustering method is applied, the random selection is limited to the resource pool configured for the cluster which the transmitter UE belongs to.

· Energy sensing method: In every NT subframes, all the transmitters in the layout are ordered are assigned with a resource unit in a sequential manner. A transmitter is assigned with the unit on which the measured energy (including co-channel interference and in-band emission from the UEs that already have been allocated in the previous steps) is the minimum. We note that this is a kind of “genie-aided” resource allocation where no resource contention occurs and no overhead is assumed for this resource allocation procedure. When the clustering method is applied, the energy-based selection is limited to the resource pool configured for the cluster which the transmitter UE belongs to.
Thus, in combination of the resource pool configuration and resource unit selection, the following four different resource allocation methods are compared.
· Option 1 : Random selection without clustering

· Option 2 : Energy sensing without clustering

· Option 3 : Random selection with clustering

· Option 4 : Energy sensing with clustering

The evaluations are carried out under outdoor hotspot and indoor-outdoor mixture UE dropping models, while changing the inband emission options (i.e., Offset values of {W, X, Y, Z} = {3, 6, 3, 3} and {0, 0, 0, 0}) and broadcast association thresholds (i.e., -112 dBm and -107 dBm). More details on simulation assumptions are shown in Appendix A. From Figure 2 to Figure 5, we show the evaluation results for 3 Tx UEs per cell and the further evaluation results for 6 Tx UEs per cell, are provided in Appendix B.

A general observation of these results is that the clustering method provides performance benefit in the outdoor cases while all the four options show similar performance in the indoor-outdoor mixture case closely approaching the upper bound. The energy sensing based method with clustering shows the best performance, so the time-domain coordination discussed in the previous section can be a good solution to the near-far problem in D2D communications. We also note that there is a room for further optimization in the clustering method, e.g., by controlling the resource reuse factor. An interesting observation is that, in the outdoor hotspot case, random resource selection with clustering is similar to or even better than the energy sensing method without clustering. The observation for the indoor-outdoor mixture case can be explained as follows: Due to the high penetration loss in the buildings, it is highly probable that the coverage of a D2D transmitter inside a building is limited to the UEs within the same building (we can observe that the number of Rx UEs is almost independent of the RSRP threshold in this UE drop model). As a result, the effect of the near-far problem becomes negligible as far as the Tx UEs within the same building are separated in orthogonal resources. 
This observation is consistent in variant combinations of simulation parameters like the in-band emission model and the broadcast association threshold. It is noteworthy that, when the threshold for broadcast association  is large (i.e., the coverage of broadcast shrinks), the effective number of Rx UEs per Tx UEs also decreased and the evaluation results (in the number of successful connections) reflect this phenomenon. Also, we can find that the increase of in-band emission also affects the overall performance of D2D communications. 
Observation 1: For the outdoor case, the resource pool configuration with clustering method outperforms the non-clustering method. 

Observation 2: For the indoor-outdoor mixture case, all the resource allocation methods show similar performance close to the upper bound.
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 2. TX UE 3, IBE {3, 6, 3, 3} RSRP threshold -112 dBm
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 3. TX UE 3, IBE {3, 6, 3, 3} RSRP threshold -107 dBm
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 4. TX UE 3, IBE {0, 0, 0, 0} RSRP threshold -112 dBm

[image: image8.png]A
N

CDF

5( —Random selection
————  wodustering ||

B —coegrsening
| 2 L | whodusterng ||

——Random Selection

——Upperbound

NS

w/ dlustering

vy
Y i
10 20 30 40 50 60 70 80 90 100 110

Number of Successful Connections




(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 5. TX UE 3, IBE {0, 0, 0, 0} RSRP threshold -107 dBm

4. Conclusion
This contribution discusses on the resource pool configuration and resource unit selection for D2D communication. Based on the analysis and simulation results, the following observations were made:

Observation 1: For the outdoor case, the resource pool configuration with clustering method outperforms the non-clustering method 

Observation 2: For the indoor-outdoor mixture case, all the resource allocation methods show the similar performance close to the upper bound.

We propose the following for the resource allocation for D2D communications:

Proposal 1: Time-domain multiplexing of D2D communications should be supported. 

Proposal 2: The resource pool used for UEs outside network coverage is configured via PD2DSCH. In partial coverage case, the eNB should be able to control the resource pool configuration transmitted from the UEs inside network coverage.
______________________________________________________________________
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Appendix A. 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 2~5, 

6 UEs per cell for Figures 6~9

	Tx Power
	23 dBm

	Frequency offset
	100 Hz

	Channel and UE drop model
	1) Outdoor hotspot drop (2/3 of UEs are within 40m radius)

2) 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
	1) Random resource allocation

2) Energy sensing based resource allocation

	Resource pool configuration
	1) Non-clustering

2) Clustering

	Clustering details
	Cluster head: random selection among all the UEs

Clustering threshold: RSRP of -95 dBm 

	Packet duration
	4 RBs repeated over 4 subframes


Appendix B. Simulation results on larger number of Tx UEs
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 6. TX UE 6, IBE {3, 6, 3, 3} RSRP threshold -112 dBm
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 7. TX UE 6, IBE {3, 6, 3, 3} RSRP threshold -107 dBm
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 8. TX UE 6, IBE {0, 0, 0, 0} RSRP threshold -112 dBm
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(a) Outdoor hotspot
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(b) Indoor-outdoor mixture

Figure 9. TX UE 6, IBE {0, 0, 0, 0} RSRP threshold -107 dBm
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