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1. Introduction
In RAN1#74, the highest priority for applications of D2D direct communication was given to the public safety (PS) use case. Considering the PS use case, D2D direct communication outside network coverage should work without network control and coordination, so its design would be more challenging than that for the in-network coverage case. Several contributions in the last meeting discussed high level design aspects of D2D broadcast communication [1-5] and analyzed system performance. 
In this contribution, we share our view on D2D broadcast for out-of-coverage scenario and considerations on efficiency enhancement for the relay operation. Lastly we provide some relevant simulation results based on evaluation assumptions updated in RAN1 #74.
2. Discussion

2.1. D2D broadcast for out-of-coverage scenario
For an out-of-coverage UE, broadcast data transmission occurs by directly broadcasting packets to other UEs with a single transmission. Some tdocs have mentioned transmitting packets to a cluster head, which then broadcasts the received packets to all UEs inside the cluster; however, not only does this method require more resources but it is also a form of relaying which is outside the scope of the current focus of the D2D work agreed by RAN plenary, and therefore we do not consider this kind of cluster-head-based forwarding further. 
One main challenge for direct broadcast in out-of-coverage scenario is how to achieve accurate synchronization [6]. In RAN1#73, a number of options were discussed for providing a timing reference for cases when at least one external synchronization reference exists; however, no conclusion among these options has yet been reached, and further discussion is needed for the case when no synchronisation reference exists. One possibility for a cluster of out-of-coverage UEs is that a selected cluster head  (CH) provides a coarse timing and frequency reference and transmits synchronization signals. The CH could be any UE in the cluster.   A new UE coming to the cluster would search for the CH.  If no CH is found, it will start transmit its CH.  Additional synchronization signals could then be appended in front of broadcast packets to reduce effect of inaccurate timing and frequency synchronization provided by CH.
Proposal 1: coarse synchronization reference is provided by CH and additional synchronization signals are appended in front of broadcast packets for fine synchronization.

Another challenge of D2D communication in out-of-coverage scenario is that there is no centralized control and coordination of radio resource allocation and interference management by an eNB [7]. Thus, several factors such as collision, in-band emission (caused by near-far problem) and half duplex constraint will affect the efficiency of D2D broadcast communication if relevant resource allocation schemes are not designed carefully.  By reusing the LTE frame structure, we can multiplex multiple broadcast streams in both FDM and CDM. Hopping in the frequency and/or time domains can alleviate both in-band emission interference and the half duplex constraint. 
2.2. Relay for partial coverage scenario  
The relay functionality is primarily for the partial coverage scenario. As shown in Fig.1, a UE inside network coverage acts as a relay to forward data to/from UEs outside network coverage. For a relay UE, one link is for D2D and the other link is for WAN access. The main purpose of introducing relay functionality via D2D communication is coverage extension, where a relay is used to forward data from a source node to its destination node which is unreachable by the source node otherwise. The relay node may act as the synchronization reference itself, or alternatively synchronization may be provided by one of the out-of-coverage UEs acting as a CH.
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Fig.1a Configuration based on synchronization              Fig.1b Configuration based on neighbour discovery
Fig.1 Relay for partial coverage scenario
To broadcast to as many out-of-coverage UEs as possible to extend network coverage, UE relays should be cell-edge UEs. Since simultaneous transmissions from nearby relay UEs may cover similar areas and hence cause collisions, not every cell-edge UE needs to act as a relay. 
3. Evaluation 

The performance evaluation methods and parameters on D2D broadcast were agreed in the last meeting and subsequent email discussions. Based on these, we present some simulation results to analyze D2D broadcast and relay operation. In this contribution, the mandatory layout for public safety, option 5, is evaluated. Three defined suboptions, i.e., uniform, hot spot and mixed outdoor-indoor suboptions are considered. 
In the option 5 layout, urban macro cell with ISD of 1732m is assumed. There are 32 UEs deployed in each cell. Three UEs are selected from these UEs to broadcast. Minimum association RSRP for D2D communication is -112dBm and the corresponding transmission power is 23dBm. 
Fig.2 shows the number of receivers which are located in the communication range of a random broadcast transmitter (source UE or relay UE). From the simulation results we can see that the number of associated receivers is larger than 60 for uniform and hotspot deployment. The number of broadcast receivers in the mixed outdoor-indoor suboption is much less than that of two other suboptions; this is because under this case signals experience much larger path loss when they penetrate through walls. 
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Fig. 2 Comparison of receiver numbers associated with a TX for different deployment suboptions
Fig.3 shows the number of associated broadcast transmitters (source UE or relay UE) for an out-of-coverage receiver. The simulation results show that a UE can associate with multiple transmitters. If multiple transmitters broadcast simultaneously, collisions and interference will be introduced at the receiver. In addition, if a receiver needs to receive information from all transmitters simultaneously, these transmitters need to be scheduled in different resources. 
[image: image4.emf]0 5 10 15 20

0

0.2

0.4

0.6

0.8

1

Number of TXs for a receiver

CDF

 

 

mix outdoor-indoor

hotspot

uniform


Fig. 3 Comparison of TX numbers for a receiver with different UE deployment suboptions

Observation 1: Coverage of multiple transmitters may be overlapped, and resource coordination is required to avoid collisions between simultaneous broadcasts and obtain information from all these broadcasts. 
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Fig. 4 CDF of broadcast distance for TX with different UE deployment suboptions

Fig.4 shows the associated TX-RX distance CDFs for three different UE deployment suboptions. From this figure, we can see that the broadcast distance is large especially for hotspot and uniform deployment. Thus, broadcast signals from different transmitters are prone to interfere with each other for these two cases. When a UE receives signal from a faraway TX, the signal will be overwhelmed by the signal from a nearby TX due to in-band emission, even if two TXs use orthogonal resources in frequency domain. 
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Fig. 5 CDF of SNR with different UE deployment suboptions

Fig.5 shows the SNR at the receiver when a UE randomly selects an associate transmitter as the information source. Assume that the resource reuse factor across cell is 1, i.e., each cell reuses the same resource. Transmitters in each cell randomly select five continuous RBs for broadcast. The resources of transmitters in each cell are orthogonal in frequency domain. Since no interference is considered, it can provide an upper bound for SINR. The simulation results show that the probability of the SNR being larger than 10dB is larger than 80% for three different deployment options. That is to say, the majority of associated receivers can receive broadcast data correctly if interference is well managed.  
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Fig. 6 CDF of SNR with different UE deployment suboptions

In Fig.6, the CDF of SINR is shown for three different UE deployment options. The simulation results show that although transmitters use orthogonal resources, the SINR at receiver is very low at a certain probability. For example, the probability that SINR is less than 0dB is about 50% for hotspot and uniform deployment. That’s because the large transmission power and the resulting large broadcast coverage make the interference due to in-band emission from parallel transmitters in the same time slot non-ignorable. 

Observation 2: Effective scheduling is needed to mitigate interference due to in-band emission. 

4. Conclusions

In this contribution, some design consideration and performance analysis of D2D broadcast and relay are provided. 
We make the following observations and proposals:

Proposal 1: coarse synchronization reference is provided by CH and additional synchronization signals are appended in front of broadcast packets for fine synchronization..
Observation 1: Coverage of multiple transmitters may be overlapped, and resource coordination is required to avoid collisions between simultaneous broadcasts and obtain information from all these broadcasts. 
Observation 2: Effective scheduling is needed to mitigate interference due to in-band emission. 
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Annex

Simulation parameter list:

	scenario
	PS scenario

	Layout
	Option 5 

	Carrier frequency
	700 MHz

	System BW
	10MHz for FDD

	Network operation
	No eNBs enabled.

	UE mobility (only for channel models)
	60kmph

	Network deployment
	21 cells (7 sites, 3 sector/site), wrap around

	UE RF parameters
	TX power: 31dBm

1 TX, 2 RX antennas, antenna gain 0dBi, noise figure 9dB

	eNB RF parameters
	2 RX antennas, antenna gain 17dBi with 2D antenna pattern, noise figure 5dB

	UE dropping for all UE
	Layout option 5 with three suboptions
1/ Uniform suboption

2/ hotspot suboption

3/ outdoor indoor mix suboption



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	In-band emission
	According to R1-133978

	Fast fading channel 


	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	
	ITU-R IMT UMi LOS and NLOS


	ITU-R IMT UMi O2I
	ITU-R IMT InH LOS and NLOS

	
	Note: symmetric angular parameters at TX/RX, and dual-mobility

	Path loss model
	O2O: Winner + B1 (Modified). 
	O2I: Winner+ B4 (Modified)
	I2I: InH (36.814) 

	LOS probability
	LOS probability from Winner II, i.e. Plos =min(18/d,1)*(1-exp(-d/36))+exp(-d/36)
	NA
	ITU-R IMT UMi (for InH)

	Shadowing
	7 dB log-normal
	7 dB log-normal
	LOS: 3 dB log-normal

NLOS: 4dB log-normal
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