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1. Introduction
At the last meeting (RAN1#73), there were some contributions discussing different design aspects of D2D communication [1-3]. The highest priority for applications of D2D direct communication is given to the public safety use case. For public safetywhen part of cellular network infrastructure is out of action, coverage needs to be extended for the critical information to reach out-of-coverage UEs. Using a UE within network coverage as a relay to provide broadcast communication  to other UEs out of network coverage is an effective way to fulfil this requirement.  
In LTE, enabling a UE with relay functionalities brings some design challenges. In this contribution, we discuss potential D2D relay scenarios, analyze functionalities a UE should possess as a relay, and discuss the relay mechanism design. Lastly we provide some relevant simulation results.
2. Discussion

2.1. Relay scenario
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. For the public safety use case, some regional disasters (e.g., fire, floods, earthquakes etc) may destroy cellular network infrastructure, and communication coverage needs to be extended for the transmission of critical rescue and relief information. 
· The relay functionality is primarily for the partial coverage scenario As shown in Fig.1. In this scenario, a UE inside network coverage acts as a relay to forward data to/from UEs outside network coverage. 
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Fig.1 Partial network coverage scenario

·   Relay functionality may also be considered in the out of coverage scenario as shown in Fig.2. In this scenario, out-of-coverage UEs form clusters, and there may be coverage overlap between adjacent clusters. A UE belonging to multiple clusters simultaneously can act as a relay to forward data from one cluster to another.  
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                                              Fig.2 Out of coverage scenario

Observation 1: The support of UE relay via D2D communication is essential for the partial coverage scenario, and could also be useful for the out of coverage scenario. 
2.2. Relay functionality 

There are fundamental differences between UE relays and fixed relays standardized in 3GPP.  Enabling a UE as relay faces the following challenges: 
1) A UE relay is power limited.
2) A UE relay has limitation in computation capability, and is sensitive to implementation and operation complexity.  

3) A UE relay is mobile and prone to link failure. 

Based on the above understanding, we have specific considerations on functionalities of UE relay: 
·   Radio resource management (RRM): 

A relay UE should possess partial RRM functionalities to help coordinating relay operation since control signalling from eNB cannot reach out-of-coverage UEs directly. However, RRM functionalities of a relay UE should be limited to reduce implementation and operation complexity of a UE.  
For the partial coverage scenario, there are some detailed considerations on RRM functionalities of a relay listed as follows:
1) Radio resources used by relay operations should be controlled by the eNB via the UE relay so that potential cross-interference between the cellular network and out-of-network UEs arising from relay operations are controllable and manageable.  
2) The eNB can coordinate resource allocation for multiple relay UEs in its coverage. A well coordinated resource management can improve spectral efficiency substantially. 
·   Communication mode: broadcast or unicast. 
Broadcast has the priority for standardization due to the following reasons: 
1) For public safety use case, broadcast is more useful to make critical information reach as many UEs as possible. 

2) The implementation and operation complexity of a relay UE for broadcast is much lower.  
Observation 2: Radio resources used by relay operations should be controlled by the eNB via the UE relays.   
It should be noted that coverage of multiple relays may be overlapped, and resource coordination is required at the eNB to avoid collision by simultaneous broadcasts from multiple relays. This necessity is demonstrated by the simulation results presented in the evaluation section below. 
3. Evaluation 

The performance evaluation methods and parameters on D2D broadcast were mostly agreed in the last meeting and subsequent email discussions [4-6]. Based on these, we present some simulation results to analyze D2D relay operation. In this contribution, the mandatory layout for public safety, option 5, is evaluated. Among the three defined suboptions, the suboption with uniform outdoor UEs is used. The partial network coverage scenario is used where only one eNB works from 7 sites. 

In the option 5 layout, urban macro cell with ISD of 1732m is assumed. There are 32 UEs deployed in each sector in which 10 UEs are active with WAN traffic. Three relay UEs are selected from these UEs who are not scheduled as transmitters for WAN traffic. Minimum association RSRP for D2D communication is -112dBm and its corresponding transmission power is 23dBm. Relay UEs and macro UEs transmit data using orthogonal resources.     

Fig.3 compares a coverage extension mechanism where the relay UEs are randomly selected with a mechanism where only cell-edge-UEs act as relays. In these two mechanisms, the network can communicate with out-of-coverage UEs via relays. 
From the simulation results we can see, as expected, that the edge-UE relay mechanism can cover significantly more out-of-coverage UEs. For example, the number of UEs is almost doubled by edge-UE relay mechanism at CDF=0.5. Hence, compared with random relay identification, using cell-edge-UEs as relay improves the network coverage and hence the broadcast efficiency. 
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Fig. 3 Comparison of coverage extension with different relay mechanisms

Fig.4 shows the number of out-of-coverage UEs who are located in the communication ranges of multiple relays, i.e., located in the overlapped coverage area of multiple relays. The relay mechanism used here is the edge-UE relay mechanism. If multiple relay UEs broadcast simultaneously, collisions and interference will be introduced at the receivers of some out-of-coverage UEs. 
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Fig.4 CDF of out-of-coverage UEs in overlapped coverage of multiple relays 

Observation 3: UE relays should be cell-edge UEs to broadcast to as many out-of-coverage UEs  as possible.  

Observation 4: Coverage of multiple relays may be overlapped, and resource coordination is required at eNB to avoid collisions between simultaneous broadcasts from multiple relays. 
4. Conclusions

In this contribution, some initial analysis of D2D relay is provided. 
We make the following observations:

Observation 1: The support of UE relay via D2D communication is essential for the partial coverage scenario, and could also be useful for the out of coverage scenario. 

Observation 2: Radio resources used by relay operations should be controlled by the eNB via the UE relays.   
Observation 3: UE relays should be cell-edge UEs to broadcast to as many out-of-coverage UEs  as possible.  

Observation 4: Coverage of multiple relays may be overlapped, and resource coordination is required at eNB to avoid collisions between simultaneous broadcasts from multiple relays. 
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Annex

Simulation parameter list:

	
	PS scenario

	Layout
	Option 5 with suboption of uniform outdoor UEs

	Carrier frequency
	700 MHz

	System BW
	10MHz for FDD

	Network operation
	14% eNBs enabled.

	Network synchronization
	All eNodeBs synchronized

	UE mobility (only for channel models)
	60kmph

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

	UE RF parameters
	TX power: 23dBm

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 uniform suboption

· All UEs are randomly and uniformly dropped throughout the macro geographical area.



	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 section 6.5.2.3 of TS36.101

	
	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	Fast fading channel 


	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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