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1 Introduction
In this contribution, we discuss techniques for D2D broadcast communication in network coverage. 

We argue that the simple approach of TDM between D2D and WAN gives the best performance both for D2D and WAN.  

In order to do that, we compare three schemes (described in more detail in Section 2). 

· TDM 
·  FDM 
· TDM + FDM 
We show via system simulations that the TDM scheme simultaneously maximizes both WAN and D2D performance.

This contribution is structured as follows:

· In Section 2, we present and discuss the schemes being studied

· In Section 3, we present simulation results and corresponding observations. 
· In Section 4, we conclude the contribution

2  D2D and WAN multiplexing and control methods

We study three different D2D and WAN multiplexing techniques which are shown in the figure below. 
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Figure 1 D2D and WAN multiplexing methods
For each of the multiplexing methods, we consider two possible scheduling mechanisms:
1. Distributed – UEs select within the D2D resource pool using a distributed mechanism

2. NW assisted – eNodeBs schedule UEs within the D2D resource pool and avoid collisions (both intra and inter cell). 

We implement the energy based distributed scheduler (from [1]) for the simple TDM and FDM multiplexing. We note that these two schemes are somewhat over provisioned for D2D resources, and hence we do not expect significant gains from NW assistance. However, for TDM/FDM multiplexing with least amount of resource allocated for D2D – one can benefit from NW assistance of appropriately scheduling D2D transmissions within the smaller resource pool.
For the TDM/FDM multiplexing, we implement a NW assisted scheduler as shown in the figure below. The scheduler schedules the 3 TX UEs/cell to FDM with each other (this is motivated by the time domain grouping discussed in [2]), and to TDM with adjacent out of cell UEs. In the figure below, UE1, 2, 3 belong to the same cell, UE 4, 5, 6 belong to an adjacent cell, and UE7, 8, 9 belong to another adjacent cell. 
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Figure 2 NW assisted D2D scheduling

Before moving to the simulations, we make the observation that TDM mitigates interference by simply separating D2D and WAN transmissions in time. FDM attempts to do so by separating D2D and WAN in frequency; however due to in-band emissions there will be more interference from D2D to WAN and WAN to D2D in an FDM approach, and our simulations validate this observation:

Observation 1: An FDM approach creates more interference between D2D and WAN than a TDM approach.

3  Simulation Results
3.1 Simulation Assumptions
Resources pool used for D2D is summarized in the table below. We note that TDM has the highest percentage of D2D resources (25%) followed by FDM (13%), and TDM/FDM has the least amount of D2D resources (7%).  
	
	TDM 
	FDM
	TDM/FDM

	Fraction of  SFs for D2D
	25%
	100%
	60%

	Fraction of RBs for D2D (on allocated SFs)
	100%
	13% (6 RBs)
	13% (6 RBs)

	Total D2D resource (%)
	25%
	13%
	7.8%


Additional simulation assumptions are provided in the table below:
	Parameters
	Assumptions

	Layout
	Option 5 (ISD = 1732m) 
Uniform, hotspot, indoor/outdoor 

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz FDD

	Number of D2D TX UEs
	3/Cell  

	Number of D2D RX UEs
	32/Cell 

	D2D TX Power
	23 dBm

	UE UL TX Power
	PUSCH power control (alpha = 1)

	Num RX antennas
	2 

	Channel Model/ Fading
	As per [2]: we note that we use UE to macro BS model from Table A.2.1.1.5-1 of TR 36.814.

	IBE Model
	W,X,Y,Z = {3,6,3,3}

	D2D VOIP Packet Size
	44 Bytes (incl. CRC)

	D2D VOIP Coding/Modulation
	Turbo/QPSK

	Number of transmissions per D2D packet
	4

	WAN traffic model
	Full buffer (uplink only)

	WAN scheduler 
	FDM on non D2D resources


3.2 Simulation Results
The simulations results are summarized in the table below: 
	Drop \ Scheme
	TDM
	FDM 
	TDM/FDM 

	In-Out Drop
	25% WAN throughput loss
	29% WAN throughput los
	22% WAN throughput loss

	
	82% successful D2D links
	74% successful D2D links
	64% successful D2D links

	Uniform Drop
	25% WAN throughput loss
	52% WAN throughput loss
	33% WAN throughput loss

	
	44% successful D2D links
	32% successful D2D links
	26% successful D2D links

	Hotspot Drop
	25% WAN throughput loss
	60% WAN throughput loss
	41% WAN throughput loss

	
	44% successful D2D links
	32% successful D2D links
	28% successful D2D links


The CDF of WAN throughput and fraction of D2D VOIP packets received is shown in the plots below 
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Figure 3 Option 5 (In-Out Drop)
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Figure 4 Option 5 (Uniform Drop)
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Figure 5 Option 5 (Hotspot Drop)
We make the following observations based on the simulations: 

Observation 2: TDM schemes simultaneously maximize WAN and D2D performance.

Observation 3: FDM scheme has the maximum impact on WAN throughput.

We also observe that the uniform and hotspot drops see significant degradation of WAN performance which is mainly due to all UEs being outdoor which creates significant interference from D2D to WAN for FDM and TDM/FDM schemes.

Observation 4: all outdoor drops lead to more performance loss for FDM and TDM/FDM schemes.

3.3 Design Implications

Based on the simulation results, we make the following design proposal:

Proposal 1: eNodeB semi-statically configures a resource pool for D2D communication: this configuration should allow TDM between D2D and WAN.
Even though not simulated in this contribution, we note that the gains of TDM between D2D and WAN can also be obtained through a centralized scheduler. 
We note that in case of in coverage scenario some companies prefer to have scheduling performed by eNB within the D2D resource pool. Whereas it is possible that if centralised scheduling is used for in-coverage and distributed scheduling is used for out of coverage then the mode change can take significant time if RLF is used for mode change. This delay can be unacceptable for public safety use cases. As a way forward we propose:
1) When transmitting UEs are in network coverage, eNodeB or rel-10 relay node will semi-statically allocate a resource pool for D2D communication
2) A UE will operate in three modes for resource allocation
· In coverage: eNodeB or rel-10 relay node will schedule the exact resource within the resource pool that will be used by a UE used for D2D transmission
· Edge of coverage: a UE on its own select a resource from the resource pool to transmit on
· Out of coverage: a UE on its own select a resource from a pre-configured resource pool to transmit on
· The details of how a UE selects the mode to operate on is FFS. 

· For example selection can be based on downlink received power
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Figure 6 Different Modes of Operation

Advantage of this approach is that UE has enough time to switch the mode prior to RLF and hence delay and discontinuity in communication can be avoided. The details of how a UE selects the mode to operate on can be discussed further in WI phase.

Proposal 2: To avoid long delay and discontinuity in communication because of UE movement from in-coverage to out of coverage; UE can operate in three modes (In-Coverage, Edge-of-Coverage and Out-of-Coverage). 

Proposal 3: In coverage case; eNodeB or rel-10 relay node will schedule the exact resource within the resource pool (SIB indicated) that will be used by a UE used for D2D transmission.
Proposal 4: Edge of coverage case; a UE on its own select a resource from the resource pool (SIB indicated) to transmit on.
Proposal 5: Out of coverage case; a UE on its own select a resource from a pre-configured resource pool to transmit on.
4 
Conclusion

In this contribution, we did a simulation comparison of various WAN and D2D multiplexing methods, and made the following observations and proposals.
Observation 1: An FDM approach creates more interference between D2D and WAN than a TDM approach.

Observation 2: Distributed TDM schemes simultaneously maximize WAN and D2D performance.

Observation 3: FDM scheme has the maximum impact on WAN throughput.

Observation 4: all outdoor drops lead to more performance loss for FDM and TDM/FDM schemes.

Proposal 1: eNodeB semi-statically configures a resource pool for D2D communication: this configuration should allow TDM between D2D and WAN.
Proposal 2: To avoid long delay and discontinuity in communication because of UE movement from in-coverage to out of coverage; UE can operate in three modes (In-Coverage, Edge-of-Coverage and Out-of-Coverage). 

Proposal 3: In coverage case; eNodeB or rel-10 relay node will schedule the exact resource within the resource pool (SIB indicated) that will be used by a UE used for D2D transmission.
Proposal 4: Edge of coverage case; a UE on its own select a resource from the resource pool (SIB indicated) to transmit on.
Proposal 5: Out of coverage case; a UE on its own select a resource from a pre-configured resource pool to transmit on.
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