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1 Introduction

At the RAN1#75 meeting, the D2D communication aspects that need to be further studied by RAN1 WG were agreed. One of the main aspects that should be considered and studied by RAN1 WG is the method for D2D resource allocation and scheduling of D2D transmissions. In particular, it was proposed to look into the following:
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 behavior 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. 

In this contribution, we provide our views on the aforementioned discussion topics.
2 D2D Resource Pool
2.1 Physical Structure
The D2D resource pool is composed from the predefined set of subframes within LTE physical frame structure and the set of physical resource blocks (PRBs). The allocated physical resource blocks are further used and mapped to support the set of logical frequency or time-frequency channels (LFC/LTFC) of the predefined bandwidth (e.g. 6 PRBs). The allocated physical resources are repeated over subsequent LTE frames (or the set of LTE frames), so that periodical pattern of the D2D spectrum resources is semi-statically allocated.
The motivation to define the D2D resource pool is aligned with the RAN1 WG agreement, that the peer-to-peer communication is organized only in uplink spectrum resources. It is obvious that in TDD bands, depending on the UL-DL configuration, the D2D resource pool can be composed from the different amount of UL subframes that are periodically allocated, forming pattern of D2D resources which is repeated in time.
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The D2D resource pool can be further divided into multiple functional regions for data transmission, control, discovery and scheduling assignments. These regions may be repeated periodically over time.
2.2 Resource Pool Configuration

Within network coverage the D2D resource pool is configured by eNB and can be broadcasted through RRC/SIB signaling. In out of network coverage, several options should be further considered. First of all, the D2D resources can be predefined by specification. Alternatively, the resources may be configured by terminals that provide synchronization reference. Finally, the hybrid approach can be used. In this case, the flexible set of the D2D resource pool configurations can be predefined by specification and synchronization source may broadcast one of them as a part of control signaling. The latter approach may be beneficial to reduce the impact from asynchronous interference. For instance, the fractional frequency reuse at the borders of synchronization areas may be applied. The preferred option in this case depends on the synchronization approach used for D2D communication in out of network coverage, as well as on RAN1 agreement with respect to modulation and coding schemes and interference management.
2.3 Data Transmission Region of D2D Resource Pool
The data transmission region of the D2D resource pool may occupy the set of consecutive subframes, repeated over time and represented in the form of logical time-frequency channels. In general case, the data region may be further sub-divided into transmission instances of different multiplexing/allocation types:

· FDM based allocation. In this allocation type, transmitter may be assigned or select LFC(s) for data communication. Physical resources for subsequent transmissions in the LFC may hop over frequency domain to improve robustness.
· TDM+FDM based allocation. According to this allocation type, the transmitter is assigned/selects logical frequency channel(s) and time interval(s) (e.g. LTFCs) within data transmission region. The benefit of TDM+FDM based allocation were observed in [2], for the case of distant broadcast transmitters when in-band emission is considered.
Proposal 1
· TDM+FDM based resource allocation type within data transmission region is considered for D2D broadcast communication.
2.4 Resource Selection Method
There are many approaches and thus corresponding discussions with regard to the three main approaches for resource selection:

· Autonomous – In this case, it is a responsibility of the D2D UE transmitter to select resources. In this case, different approaches can be applied from random resource selection or based on channel measurements [2], [4]. The minimum overhead and relatively large complexity are considered as main advantages of this approach, however this method may suffer from collisions and lack of QoS.
· With assistance from other terminals/central node – A D2D UE selects resources for transmissions taking into account assistance information provided by a “central” node(s). As it was shown in [2], the assistance information may provide significant performance improvement comparing to the fully autonomous operation. For instance, the assistance information may be provided by nodes broadcasting synchronization signals.
· Scheduling based – A D2D UE gets assignment from the central node, providing information on resource and/or MCS level to be used for transmission.
For out-of-coverage case, the fully scheduled operation may not be suitable design option due to potentially high complexity of the central node, system overhead and lack of physical layer feedback. On the other hand this mode should be considered within network coverage so that eNodeB has control of the spectrum resources. For out of coverage communication the benefits of autonomous vs assistance based resource selection should be further studied. 
Proposal 2
· Further study autonomous and assisted resource selection schemes as a baseline solutions for out of coverage scenario.
2.5 Resource Allocation Patterns
In order to reduce the impact from in-band emission or address half-duplex issue, the randomized over time multi-TTI transmissions of the same data may be utilized, however this may require randomization of the set of transmitters that transmit on each TTI (see Figure 1). The randomization in time may be emulated by partially overlapped in time transmission patterns. On the other hand such behavior is likely to force large deviation of the total receive power at the receiver side and may require significant AGC adjustment at the subframe level over large dynamic range. In addition, if transmissions are not consecutive in time, the terminal may need to frequently change TX/RX state that will lead to TX-RX/RX-TX switching gap, negatively affecting the overall system performance.
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Figure 1: Randomization in time to reduce in-band emission and half-duplex problems.

The more intelligent approach to handle in-band emission and half-duplex issues is to use time division multiplexing, which can be used in synchronous communication systems. In the next section, we show how the synchronization and resource selection may complement each other in order to improve performance of the resource selection schemes.
3 Hierarchical Synchronization for Resource Allocation

As it was shown in [2] and [6], in-band emission interference problem can be effectively avoided by grouping closely-located UEs into clusters with associated time slots/intervals for transmission. However, this protocol requires existence of centralized nodes. If the hierarchical synchronization procedure is deployed in out-of-coverage case [3], then the existence of centralized nodes may provide further performance improvement for resource allocation. In this section, we discuss assistance in resource selection from the synchronization sources without mandating centralized behavior in terms of resource management.
3.1 Synchronization Source Assistance in Resource Selection
A synchronization source may provide assistance to the UEs that derive synchronization from them. This operation assumes underlying multi-hop synchronization principle [3], where timing propagates from the Independent Synchronization Source (I-SSs) to Gateway Synchronization Sources (G-SS) and D2D receivers/transmitters. When multi-hop timing propagation is applied, the G-SS nodes may be located distant from each other and can share/divide time spectrum resources in a greedy manner starting from I-SS. In that case, each synchronization source may indicate the time resource that should be used for transmission of the particular UE. Alternatively, the SS (I-SS/G-SS) may advertise/recommend the time resource for direct communication. In this case, transmitter may utilize the time resources recommended by synchronization source with the highest received power. The SSs may be sorted in descending order of the received power in-order to address half-duplex when needed by selecting another time resource.
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Figure 2. Synchronization boundaries and I-SS/G-SS assistance in resource selection in case of 2-hop hierarchical timing propagation.
3.2 Synchronization Boundaries
As it shown in [3], the system with limited number of timing propagation hops (e.g. 2, 3 or 4) has synchronization boundaries (see Figure 2). The UEs from different synchronization areas have different notion of time and carrier frequency and therefore have mutual asynchronous interference impact. However, if large synchronization area is established, the asynchronous interference impact can be reduced substantially. The impact may be further minimized by randomization of hopping patterns in different synchronization areas or using fractional frequency partitioning at the boundaries of synchronization areas.
Observation 1
· Limited amount of synchronization hops may lead to synchronization boundaries, resulting in asynchronous interference
The impact of asynchronous interference is not well studied and difficult to assess at the system level. In current analysis, we capture it by using non-orthogonal frequency and time resource allocation patterns in different synchronization areas. 
3.3 Performance Analysis of Asynchronous Interference Impact
In this section, we provide performance results of the clustered partially synchronized network in case of VoIP traffic. The multi-hop timing propagation was done according to the protocol described in [3]. The following scenarios were analyzed:
· Greedy – Autonomous FDM-only resource selection based on the minimum received energy for two cases.
· Fully Synchronous – ideal synchronization is assumed without synchronization boundaries across whole deployment;
· Hierarchical Synchronization. The SS election was done as described in [3]. The following synchronization parameters were applied: amount of hops = 3, inter-synchronization source RSRP threshold -80 dBm.
· TDM Assistance from SS (TA-SS) – Assistance from synchronization source for efficient time division multiplexing. Besides the synchronization signal, the synchronization sources provide information about recommended time slots/intervals for transmission to the associated UEs, selected based on greedy procedure.
· Fully Synchronous – ideal synchronization (no synchronization boundaries - infinite sync signal propagation). The SS election was done as described in [3].
· Hierarchical Synchronization. The SS election was done as described in [3]. The following synchronization parameters were applied: amount of hops = 3, inter-synchronization source RSRP threshold -80 dBm.
On Figure 3, we show the performance of the above schemes for all PS deployment scenarios and different number of active transmitters per cell. All schemes are evaluated for 3 PRB x 4 TTI resource allocation units for VoIP traffic (16x5 orthogonal time-frequency channels for VoIP traffic). The simulation assumptions are provided in the Appendix A.
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	Figure 3. CDF of number of  covered RX UEs per transmitter for 3 and 9 TX per sector and different PS out-of-coverage deployment scenarios


Observation 2
· For the uniform user drop scenario:

· The TDM assistance in resource selection shows the best performance when ideal synchronization is assumed
· Existence of synchronization boundaries does not have visible impact on performance when 3-hop timing propagation is used.
· For the hotspot user drop scenario:

· The TDM assistance scheme gives dramatic improvement in performance of broadcast VoIP operation comparing to the autonomous FDM-based resource selection.
· Existence of synchronization boundaries slightly reduces performance when 3-hop timing propagation is used.
· For indoor-outdoor user drop scenario:

· All schemes have similar performance due to low interference in indoor-outdoor propagation environment.

· For all scenarios:

· Asynchronous interference has limited impact on both autonomous and assisted resource allocation schemes

· Assisted TDM approach achieves better performance in all scenarios
· TDM assistance provides superior performance when in-band emission and distant communication are considered
Proposal 3
· Further study the discussed synchronization and resource allocation as a candidate for long range D2D broadcast communication in out of network coverage PS scenarios.
4 Conclusions

In this contribution, we provided our views on resource allocation for D2D public safety communication in out of network coverage public safety specific scenarios. In addition, we have conducted system level analysis for the VoIP traffic. Based on the discussion presented in this paper we have the following proposals and observations:
Proposal 1
· TDM+FDM based resource allocation type within data transmission region is considered for D2D broadcast communication.
Proposal 2
· Further study autonomous and assisted resource selection schemes as a baseline solutions for out of coverage scenario.
Proposal 3
· Further study the discussed synchronization and resource allocation as a candidate for long range D2D broadcast communication in out of network coverage PS scenarios.
Observation 1
· Limited amount of synchronization hops may lead to synchronization boundaries and thus to asynchronous interference
Observation 2
· For the uniform user drop scenario:

· The TDM assistance in resource selection shows the best performance when ideal synchronization is assumed
· Existence of synchronization boundaries does not have visible impact on performance when 3-hop timing propagation is used.
· For the hotspot user drop scenario:

· The TDM assistance scheme gives dramatic improvement in performance of broadcast VoIP operation comparing to the autonomous FDM-based resource selection.

· Existence of synchronization boundaries slightly reduces performance when 3-hop timing propagation is used.
· For indoor-outdoor user drop scenario:

· All schemes have similar performance due to low interference in indoor-outdoor propagation environment.

· For all scenarios:

· Asynchronous interference has limited impact on both autonomous and assisted resource allocation schemes

· Assisted TDM approach achieves better performance in all scenarios
· TDM assistance provides superior performance when in-band emission and distant communication are considered
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Appendix A – System Level Evaluation Assumptions

This appendix provides, summary of the system level evaluation assumptions that were used for system level analysis of VoIP D2D broadcast communication in out of coverage Public Safety specific scenarios.

	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [7]
1) Uniform drop (100% outdoor),

2) Hotspot drop (100% outdoor),

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

	Synchronization
	Inter-synchronization source RSRP threshold: -80 dBm for HS and UN and -40 dBm for IO scenarios.

Synchronization signal detection RSRP threshold = -112 dBm

Asynchronous areas have different set of hopping patterns in time and frequency.

	D2D spectrum
	700 MHz @ 10 MHz, 48 PRBs are allocated for data transmissions

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-112 dBm

	Pathloss model
	According to [7]

	Fast fading model
	According to [7]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	{3,9} transmitters and 29 receivers per cell sector

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [7]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [7]
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