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1. Introduction
The following aspects were identified in RAN1#74 for further study/decision:

· Method for achieving synchronisation

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· 
is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu
It is generally required that D2D communication for public safety services can support enough reliability and coverage. As discussed in [1], the reliability and coverage are highly dependent of how the overall time/frequency resources are allocated to each of D2D transmitters and how one D2D transmission interferes with other D2D sessions.
This contribution discusses the aspect of resource allocation and interference coordination for D2D communications focusing on the operation outside network coverage. We first discuss about multiplexing D2D communication signals in two different domains, time and frequency. Also, we discuss about how each D2D transmitter is provided with a certain set of time/frequency resource to enable better interference coordination. Then, some evaluation results are provided to make observations that can be the basis of the detailed design of resource allocation and interference coordination solutions.

2. Discussion on TDM and FDM of D2D communications
It was agreed that VOIP is the baseline traffic model in designing D2D communications. As the VOIP traffic model generates several hundreds of bits in tens of milliseconds, only limited amount of time/frequency resources will be occupied by a single voice payload. Thus, it is natural for each transmitter to use only a subset of time/frequency resources available for D2D communications, and this implies that multiple D2D communication signals need to be multiplexed in time and/or frequency domain. This section discusses the aspects that need to be considered when D2D communication signals are multiplexed in time and frequency domain.
2.1. Time domain multiplexing

We can first observe that it is not possible or desirable for a D2D transmitter to transmit communications signals all the time for the following reasons:
· D2D transmitter UE also needs to receive other signals in some time duration. One is D2D signal transmitted from another UE, including D2D communication signal, D2D discovery signal, and D2D synchronization signal. Also, in TDD systems, a UE out of network coverage needs to perform the cell search procedure to access the network whenever possible. For this purpose, some time duration needs to be reserved non-D2D resource in a frequency band where TDD system is deployed.

· D2D transmitter UE within network coverage needs to perform Uu UL transmissions in some subframes. If an out-of coverage UE communicates with a relay UE, its D2D transmissions need to be limited to a set of subframes where the relay UE does not perform Uu UL transmissions.

· Keeping transmissions in all subframes will drain the UE battery fast. This is especially energy inefficient when a light traffic such as VOIP is served.

· Bidirectional unicast service can be implemented by using the physical layer broadcast method. Such an implementation is not possible under the half-duplex constraint if a transmitter UE keeps transmitting in all the subframes.

These discussions imply that it is required to support a resource allocation solution which determines a subset of time resources to be used for each D2D transmitter. In designing such time resource allocation solution, we need to consider the interference coordination aspect to provide more reliable D2D communications. In general, the resource allocation solution needs to avoid the resource collision and the resulting interference. We note that the resource allocation solution may be different in different scenarios, for example, different in allocations to UEs within network coverage, out of network coverage, and under the relaying operation.
Time domain multiplexing has several advantages compared to frequency domain D2D signal multiplexing, especially in terms of interference coordination. First, it typically requires more relaxed synchronization requirement compared to OFDM-based frequency domain orthogonalization. Furthermore, if a fraction of symbols at the subframe boundary serves the purpose of guard period as discussed in [2], this guard period can also be used to compensate the potential time misalignment between D2D communication signals. Second, time domain multiplexing is free from the interference caused by in-band emission, so it has more potential to perform better interference coordination. Third, if the system bandwidth is narrow (e.g., 1.5 MHz), it is challenging to do frequency domain multiplexing even for the light traffic such as VOIP. In this case, the time domain multiplexing would be the only way of doing resource orthogonalization. 
With this discussion, we can make the following observation:
Observation 1: Time domain resource allocation solutions should be supported such that a proper set of time resources are used in each D2D communication transmitter.

2.2. Frequency domain multiplexing

Assuming the LTE resource structure is reused for D2D communications, frequency domain multiplexing is done by allocating different set of RBs to different D2D transmitters. One benefit of this frequency domain multiplexing is that it has the potential to increase the power spectral density of each D2D communication signal, thereby improving the coverage of each D2D transmission. Also, if the traffic load is light (from per-UE perspective) in wideband system, there seems no reason to use the full system bandwidth for D2D transmissions.
As discussed above, however, there are several issues to be considered in supporting frequency domain multiplexing. One is the relatively high sensitivity to the synchronization error. The efficiency of OFDM-based frequency domain resource orthogonalization requires tight time and frequency synchronization among the transmitters. If the timing option 3 in [3] is supported for UEs out of network coverage, it seems reasonable to limit the frequency multiplexed transmitters to the UEs sharing the same synchronization reference. Here, it is noteworthy that, due to the difference in the propagation delay between each transmitter and each receiver, a receiver UE will experience timing misalignment of FDMed D2D signals even in an ideal case where the transmitter UEs are perfectly synchronized. The problem caused by this timing misalignment issue can be mitigated if the transmitters are restricted to a set of UEs that are in the proximity of each other so that the FDMed signals undergo a similar propagation delay to the receivers.
Another issue of frequency domain multiplexing is the interference caused by in-band emissions. When a UE receives D2D signal in a set of RBs but if there is another D2D transmission arrived with much higher power in a different set of RBs, the performance of the interested D2D signal will be degraded. This performance degradation can occur frequently in D2D communications requiring a long communication distance if the frequency resources are allocated in an arbitrary manner: It is quite probable that a UE which tries to receive a signal travelled a long distance sees strong in-band emission from another UE in its proximity. This problem can be mitigated by the method discussed in the previous paragraph: If it can be guaranteed that only closely located UEs transmit at the same time, a receiver will see a similar received power from each of the multiplexed signals and the interference by the in-band emission will not be serious. Figure 1 illustrates the discussed operation. In this figure, Tx UE1 and Tx UE2 are far from each other and occupy different time resources. When Tx UE3, which is close to Tx UE1, selects resource for its D2D transmissions, it is better to use resource A which locates in the same time resource as Tx UE1’s transmission. This is because the other resource (resource B) suffers from strong in-band emission interference caused by the transmissions from Tx UE2, especially for the receiver UEs that are close to Tx UE2 (and far from Tx UEs 1 and 3). Noting that the performance at the UEs far from the transmitter determines the range of D2D communication, such a resource allocation will be beneficial in improving the coverage of D2D.
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Figure 1. An example of mitigating the in-band emission impact by resource allocation.

Third issue of frequency domain multiplexing is the number of D2D communication signals a single UE can receive at a given time instance. In the current LTE system, a UE receives only a single transport block (up to two transport blocks if capable of MIMO but from a single transmission point with the same RB allocation) in each subframe as far as the unicast transmission is concerned. We note that this property holds even for CoMP operations where multiple transmission points are involved in. It is obvious that FDM of D2D communication signal will be inefficient if the receiver UE receives only one of the multiplexed signal at a time. Thus, we first need to study the feasibility of receiving multiple transport blocks at a given time instance. This study should include the analysis in terms of UE complexity and specification impact, and if deemed feasible, the limit in the maximum number of simultaneously receivable transport blocks needs to be decided.
The above discussions about frequency domain multiplexing can be summarized in the following observation:
Observation 2: Frequency domain resource allocation solution can be considered additionally in order to support light load traffic in wideband systems. Further considerations are needed for the following aspects:

· How to meet the synchronization requirement for FDMed D2D signals
· How to mitigate the impact of in-band emissions
· The feasibility of receiving multiple D2D communication signals at a time
The discussions on time and frequency domain multiplexing of D2D communication signals reveal that grouping some closely-located UEs can be an effective solution to address the identified issues. To be specific, a set of UEs in the proximity is grouped as a cluster and each cluster is assigned with a set of time resources; in other words, neighboring clusters are assigned with different set of time resources to enable the time domain interference coordination discussed above. UEs in the same cluster can exploit the effect of frequency domain multiplexing, and as discussed above, the issues of synchronization and in-band emission can be mitigated. Figure 2 illustrates an example of such a resource allocation solution. We note that one UE may be associated with multiple clusters in doing transmissions and/or receptions as long as the distance is within a certain range and different clusters are assigned with different set of time resources. 
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Figure 2. An example of time and frequency resource allocations for D2D communication based on UE clustering.
Observation 3: Efficient interference coordination can be achieved if UEs in the proximity are grouped as a resource cluster in which a set of time resources are used for frequency multiplexing of UEs belonging to that cluster.
3. Discussion on resource selection methods
This section discusses how to select the resources to be used for each D2D communication signal transmission based on the observations made in the previous section. For the simplicity of discussion, we assume that the entire time/frequency resources are partitioned into a number of resource units and each D2D transmitter UE uses one resource unit for the transmission. To be specific, the system bandwidth is divided into NF frequency resource sets and using a resource unit means that one frequency set is used in every NT subframes – the total number of defined resource units is NF * NT. The example in Figure 3 assumes that a UE continuously uses the same resource unit but it is also possible to change the resource unit in every N transmissions.
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Figure 3. Definition of NF * NT resource units.

The simplest resource allocation is to choose a resource unit randomly. This method is called the random allocation in this paper. An enhanced resource allocation can be based on the pathloss from the other transmitters. In this pathloss-based allocation, all the UEs are sequentially chooses one resource unit: If there are unoccupied resource units, a UE selects one of them randomly. If all the resource units are occupied, a UE selects the resource unit which is used by the UE from which the pathloss becomes the largest. This pathloss-based allocation tries to avoid the resource collision case where two closely located UEs are using the same resource unit for the transmissions strongly interfering with each other.
The pathloss-based allocation can be combined with the resource clustering method discussed in the previous section. In the pathloss-based allocation with clustering, the total resource units are grouped and each cluster is associated with one of K resource unit groups. In order to mitigate the impact of in-band emission, resource units defined on the same time resource belong to the same resource unit group; K resource unit groups (each has NF*NT/K resource units) are time-domain multiplexed consequently. In operating the pathloss-based allocation with clustering, each transmitter UE is first associated with a cluster (including being the cluster head), and the resource selection is restricted to the resource unit group associated with the cluster which the transmitter UE belongs to; a transmitter UE does not select a resource unit not associated with its cluster. We note that the rule of the pathloss-based allocation applies when a cluster head selects the resource unit group to use. To assess the effectiveness of resource clustering, the pathloss-based allocation without clustering is also considered where there is no restriction in selecting the resource unit.

The procedure of UE clustering can be the same as the UE synchronization procedure described in [4] assuming that the cluster for the synchronization is equivalent to the cluster for the resource allocation. The procedure can be summarized as follows:
Step 1:  Searches for reference signal transmitted by cluster head UEs

Step 2:  Decides whether to participate in contention for begin a cluster head: if it decided to participate, go to Step 3. If not, go to Step 4.

Step 3: Join one or more clusters. Use time resource associated with the joined cluster for transmission.

Step 4: Participate in contention for being a cluster head. 

4-1: Determine the time resource to be used.

4-2: Transmit reference signal of a cluster head with a random back-off using the determined time resource.
As detailed in [4], the decision criterion in Step 2 can be the received signal power from the cluster head UEs. A UE can define the clustering threshold and participates in contention for being a cluster head only when any signal power from the existing cluster heads is less than the clustering threshold.
4. Evaluation results
In evaluating the three discussed resource allocation methods, it was assumed that the contention window is sufficiently large and no collision occurs in selecting the resource unit or in electing the cluster head. No overhead was assumed for the resource allocation and the cluster head election. In addition, a UE is assumed to be associated with only one cluster (the cluster head with the smallest pathloss) in doing D2D transmissions but, in doing D2D receptions, it can be associated with multiple clusters having different resource unit group. 

100 resource units are defined in the simulation with NF=5 and NT=20. Each VOIP transmitter uses one resource unit in every 20 ms to transmit the generated voice payload. Other simulation parameters are in Appendix A.
Figure 4 illustrates the performance comparison between three resource allocation schemes in the number of successful connections for outdoor uniform UE drop. First, it assures that the pathloss-based resource allocation outperforms the random resource allocation considerably because it can mitigate the interference between the transmission UEs sharing the same resource. When there is no in-band emission, the performance of two pathloss-based allocation schemes is similar regardless of the clustering (dashed lines in Figure 4). However, when there exists in-band emission, we can see that the pathloss-based resource allocation scheme with clustering which can mitigate the interference from in-band emission outperforms the one without clustering (solid lines in Figure 4). For the outdoor UE hotspot drop case, the pathloss-based allocation with clustering scheme also outperforms among the resource allocation methods as shown in Figure 5.
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Figure 4. CDF of number of successful connections per D2D broadcast session (outdoor uniform UE drop)
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Figure 5. CDF of number of successful connections per D2D broadcast session (outdoor hotspot UE drop)

For the pathloss-based resource allocation scheme with clustering, the reception performance can be influenced by the cluster size or clustering threshold. Figure 6 illustrates the average number of successful connections per transmission UE for several clustering thresholds in outdoor uniform UE drop condition. In this case, we can see that the Optimum performance is derived within about -75dBm ~ -85dBm range. (In Figure 4 and Figure 5, the clustering threshold is set to -85dBm) However, for outdoor hotspot UE drop case, a considerable number of UEs are concentrated within the small hotspot region and the difference in the clustering threshold does not change the resultant cluster size much. Therefore, the performance is less sensitive to the clustering threshold for this case as shown in Figure 6 (dashed line). We can also observe from Figure 6 that the performance of the resource allocation without clustering degrades much as UE dropping becomes correlated in contrast to the resource allocation with clustering which is much robust against the in-band emission which appears as more serious interference source in the correlated UE drop. 
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Figure 6. Average number of successful connections

The average number of Tx UEs are assumed to be 3 (UEs per cell) for the simulation results above. As the number of Tx UEs increases, the in-band emissions between UEs are also increased and the pathloss-based allocation with clustering is more necessary to mitigate theses in-band emissions. Figure 7 illustrates the average number of successful connections per transmission UE for different number of Tx UEs and Figure 8 illustrates the ratio of average number of successful connections between the schemes with clustering and without clustering. We can see that the ratio also increases as the number of Tx UE increases and it can be derived that the large interference caused by in-band emission from many Tx UEs can be also well coordinated by the clustering scheme.
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Figure 7. Average number of successful connections for different of Tx UE number
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Figure 8. Performance gain of the pathloss-based resource allocation with clustering relative to pathloss-based resource allocation without clustering scheme.
From the above analysis, we can validate the three observations in the previous sections. In addition, we can find the effectiveness of the pathloss-based resource allocations which can prevent the resource collision between D2D transmitters.
Observation 4: Resource allocation based on the pathloss from other transmitters renders better performance than a simple random resource allocation.

5. Further discussion points
As discussed in [5], the reliability of D2D communications can be further improved by repeating the communication signal transmissions. The receiver UE successfully receives the communication signal if at least one of the repeated transmissions is correctly decoded at the receiver, or the receiver can combine the repeated transmissions for more reliable packet decoding.
One potential drawback of this repeated transmission is that too many time resources are used for D2D signal transmissions at each UE. This will cause more battery consumption and more restriction on the duplex direction change between transmission and reception. Also, the overall interference level will increase. One remedy to this drawback is to broaden the D2D signal transmission bandwidth so that sufficient reliability (by means of a reduced coding rate) can be provided with a limited number of repetitions. This can be interpreted as re-dimensioning the resource unit by reducing the number of frequency resource sets (from NF to NF/a by grouping a sets as a broadened frequency resource set) while increasing the period of one resource unit (from NT to b* NT by using the same frequency resource set in every b*NT subframes). Figure 9 illustrates an example of such resource unit re-dimensioning with a=b=2 along with the repetition factor of 4. In case of VOIP, the latency requirement of 200 ms is quite large when compared to the 20 ms voice payload generation period, so a transmitter UE can pack multiple voice payloads in a single D2D communication signal format; the transmitter can repeat transmitting this packed payloads several times for better reliability: For example, 5 payloads can be packed into a single D2D signal format which is transmitted in every 100 ms with a proper repetition number. In this case, the D2D communication signal will occupy 45 RBs under the same coding rate, which implies that no explicit FDM is operated in the resource allocation in 10 MHz system bandwidth.
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Figure 9. An example of re-dimensioning the resource units for wider signal transmission with repetition.
6. Conclusion
This contribution discusses resource allocation and interference coordination for D2D communications focusing on the operation outside network coverage. The following observations were made:
Observation 1: Time domain resource allocation solutions should be supported such that a proper set of time resources are used in each D2D communication transmitter.
Observation 2: Frequency domain resource allocation solution can be considered additionally in order to support light load traffic in wideband systems. Further considerations are needed for the following aspects:

· How to meet the synchronization requirement for FDMed D2D signals
· How to mitigate the impact of in-band emissions
· The feasibility of receiving multiple D2D communication signals at a time
Observation 3: Efficient interference coordination can be achieved if UEs in the proximity are grouped as a resource cluster in which a set of time resources are used for frequency multiplexing of UEs belonging to that cluster.
Observation 4: Resource allocation based on the pathloss from other transmitters renders better performance than a simple random resource allocation.

Based on the observations, we propose the following for the resource allocation for D2D communications outside network coverage:
Proposal: A clustering-based resource allocation schemes that enable the following properties should be studied for D2D communications outside network coverage.
· One cluster head UE transmits D2D synchronization reference for each cluster, and each cluster is associated with a set of time resource.

· A transmitter joins one or more clusters if the signal of the synchronization signal is higher than a threshold. It participates in the contention for the cluster head election otherwise.

· Each transmitter uses the resource subset of the time resource set associated with the cluster which that transmitter belongs to.
· Resource allocation should enable interference coordination by avoiding two closely located transmitters use the same time/frequency resource.
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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, 4, 5, and 6. Variable in {3, 6, 9, 12} UEs per cell for Figures 7 and 8.

	Frequency offset
	100 Hz

	Channel model
	D2D outdoor-to-outdoor channel model with

1) Uniform distribution

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

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	CP length
	Normal CP (10 symbols for codeword mapping, 2 symbols for DM RS)

	Modulation
	QPSK

	Coding rate
	0.152 (328bits in 9RBs)

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

	Resource allocation
	1) Random resource allocation

2) Pathloss-based resource allocation without clustering
3) Pathloss-based resource allocation with clustering

	Clustering details
	Cluster head: random selection among all the UEs

Clustering threshold: -65~-95 dBm (Figure 6) / -85 dBm (Figures 4, 5, 7, and 8)

	Packet duration
	1 subframe (9RBs)
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