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1.	Introduction
In this contribution we present system-level evaluation results for the public safety scenario (layout option 5) when using connection-less PUSCH for broadcast D2D communications.
In the first part of this contribution we summarize our assumptions on physical channel design to support broadcast D2D communications in out-of-coverage including related aspects such as synchronization between devices and resource allocation.
In the second part of this contribution we present evaluation results to support connection-less PUSCH to carry VoIP for broadcast D2D communication in out-of-coverage as a function of two different resource selection strategies for D2D transmitters: random channel selection vs. coordinated channel selection.
2	L1 design to support Broadcast D2D communication
In order to support broadcast type D2D communication, we propose to re-use the existing R8 PUSCH transmission format. In order to support voice communication for PS out-of-coverage, ProSe transmitters send PUSCH in certain UL subframes over a number of periodically occurring transmission opportunities during a talk spurt. A given UE will monitor a certain number of transmission opportunities to demodulate and decode broadcast D2D transmissions from all UEs in all allowed groups that it is a member of.
In our view, voice communication for PS out-of-coverage in DMO using LTE based radio access is most easily realized using connection-less communication. This means, no L1 feedback like A/N or CSI is available to the transmitter UE from any receiving UE part of the same group. Similarly, no LTE L23 feedback like PHR or MAC CE’s will be used. We do not explicitly preclude application layer feedback between UEs part of a group at IP or above, but we assume that the usefulness of any such application layer feedback for L1 operation is limited.
To support broadcast D2D communication in the PS out-of-coverage scenario (DMO), we assume the following steps:
· Step 1: Pre-configuration
· UEs are setup with call group permissions and identifiers
· UEs are setup with basic radio access parameterization for the use of the PS LTE band
· Step 2: Device synchronization
· UEs broadcast a low-periodicity (1-2 times per sec) synchronization signal for acquisition
· Optionally, each UE transmits discovery beacons serving the purpose of application layer discovery
· Optionally, a Cluster Head provides coarse timing synchronization for a given area
· Step 3: Broadcast D2D communication
· Channel selection based on either random resource selection or based on listen-before-talk
· One-way Broadcast D2D communication using R8 PUSCH (2 RS per subframe + 1 symbol guard time)
· AFC by receiver UEs using synchronization signal and PUSCH
· Coherent demodulation of PUSCH data using RS
· Interference randomization of transmission opportunities used by a given transmitter UE during a talk spurt
· Application layer processing/filtering of Rx broadcast D2D communication transmissions
We note that a cluster head in a given area exclusively serves the purpose of providing coarse timing synchronization to ProSe devices in radio range. The CH is not required to provide resource allocations to ProSe UE’s in vicinity. Synchronization signals and pilot symbols for AFC and coherent demodulation are then transmitted by each transmitting UE to allow any candidate receiving UE in radio range that may be part of an allowed call group to demodulate the signal.
3	Evaluation methodology and results
We present system-level evaluation results for the public safety scenario (layout option 5) for broadcast D2D communications. Detailed evaluation assumptions are summarized in the Appendix.
Based on the broadcast D2D communication approach outlined in Section 2, we assume for evaluation purposes that receiver UEs are synchronized to the PUSCH transmissions from a given transmitter UE. When a transmitter UE starts to transmit voice packets during a talk spurt, each VOIP SDU uses a fixed number of 3 re-transmissions that are chase combined in any receiving UE. Re-transmission intervals follow the existing LTE timelines, i.e. every 8 subframes. For a TBS of 328 bits, 2 PRB’s are used per UL subframe.
In order to assess achievable system capacity for broadcast-type D2D communication using LTE PUSCH, we compare 2 basic channel selection strategies for channel selection by D2D transmitters: random vs. coordinated.
· Random channel selection
· Each transmitter UE selects an arbitrary transmission opportunity out of the pool of D2D transmission opportunities for transmitting its PUSCH carrying VoIP
· Coordinated channel selection
· Tx UEs that are close to each other are assigned orthogonal transmission opportunities in order not to interfere with each other, i.e. spatial reuse based on radio range.
In order to allow for sufficient listening intervals, we assume that ProSe transmissions for the transmitter UE can chose from only 3 transmission opportunities per subframe each of which is 2 PRB large.  We allow for 4 UL subframes where a transmitter UE can possibly start transmitting its talk burst. Therefore, there is 3*4 = 12 starting transmission opportunities in total.
With random resource selection, any transmitter UE starting a talk burst will therefore select 1 out of 12 Tx Op’s.  Using the coordinated scheduling approach, the cluster head (presumably) assigns 1 Tx Op out of the pool of 12 available to the transmitter UE.  Only the selection of the initial Tx Op is random (or assigned).  Once a talk spurt starts, subsequent usage of Tx Op’s by the transmitter UE will follow a predefined transmission pattern until the end of the talk spurt.
In order to benchmark the penalty for random channel selection to the theoretical gains with coordinated allocations, we also show results for noise-limited broadcast D2D communication only. Here, all transmission opportunities are simply assumed to be interference-free.
The performance of coordinated channel selection serves as an upper-bound. Clearly, clear-channel assessment type of resource selection approaches where ProSe transmitters choose from the pool of least interfered D2D resources (or Tx Op’s) is expected to perform better than the random channel selection approach. As a function of system loading, i.e. number of D2D broadcast groups in the deployment, listen-before-talk type of resource selection strategies approach performance observed for perfect-knowledge channel selection strategies such as exemplified by coordinated channel selection.
For the evaluated public safety scenario (layout option 5) with uniform UE drop, we show in Figure 1-3 the distribution of groups that a given D2D receiver UE is part of. In Figures 4-6, we show the CDF of the observed SINR distributions and VoIP outage rates for the 2 evaluated channel selection approaches and the reference case of interference-free transmission opportunities.
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Figure 1: Uniform UE drop - Distribution of associated groups for Rx UEs
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Figure 2: Hotspot UE drop - Distribution of associated groups for Rx UEs
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Figure 3: RRH UE drop - Distribution of associated groups for Rx UEs
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Figure 4: Uniform UE drop - CDF of SINR distribution for different channel selection approaches
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Figure 5: Hotspot UE drop - CDF of SINR distribution for different channel selection approaches
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Figure 6: RRH UE drop - CDF of SINR distribution for different channel selection approaches

Note that VoIP outage in Figure 4-6 is shown as the number of UEs not in outage over the total number of UE’s.
We applied a 2% packet error criterion for VoIP SDU’s received during a talk spurt to declare outage for any given one-way VoIP transmission, i.e. receive quality is deemed insufficient by the receiving UE. Arguably, this 2% packet error rate is a very conservative choice; we note that use of a traditional VoIP outage criterion such as employed during R8 LTE evaluations may not be suitable in the context of public safety. Capacity numbers are then taken as reference to compare channel selection strategies for 95% of connections not being in outage.
From the results in Figure 4 for uniform UE drop it can be seen that sustainable path loss is 108dB, 113dB and 122dB for random, coordinated channel selection and the interference-free reference case respectively. We note that the number of allowed fixed re-transmissions being limited to 3 is the primary determining factor for range for the evaluated number of transmitter groups per cell. System dimensioning to trade-off sufficient time to monitor for incoming broadcast D2D communication transmissions vs. number of used transmission opportunities during a talk spurt by a given transmitter UE plays a big role in the achievable link budget.
Results in Figure 4 also show that for 80% of receiving UEs, only a 3dB improvement can be observed between a random channel selection approach that suffers from interference on Tx OP’s and the interference-free reference system. We note that the amount of improvement also depend largely on the system dimensioning in terms of total bandwidth available, density of transmitting UEs, number of retransmissions, etc.

4	Conclusions and Recommendations
In the first part of this contribution we discuss our assumptions on L1 channel design to support broadcast D2D communications in out-of-coverage.
In the second part of contribution we present system-level evaluation results for the public safety scenario (layout option 5) when using PUSCH for broadcast D2D communications. In order to assess achievable system capacity as a function of resource selection for broadcast-type D2D communication using LTE PUSCH, we compare 2 channel selection strategies for D2D transmitters: random vs. coordinated channel selection. We observe that traditional VoIP outage criteria such as employed during R8 LTE are not suitable to properly assess capacity for the public safety scenario. There is a significant difference of up to 5dB in the observed SINR distribution when the 95% percentile of non-outage connections is taken as reference. There is only a difference of some 3dB in terms of random vs. coordinated channel selection for the evaluated scenario with 3 transmitter UE’s per cell when 80% of connections are considered not in outage.
In summary, we recommend to base channel selection for broadcast D2D communication on the principle that D2D UE’s select their D2D transmission resources from a pool of available D2D resources combined with a listen-before-talk principle prior to starting their transmissions in order to allow for spatial reuse.
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Appendix – Evaluation assumptions
[bookmark: _Ref367880137]Table 1: Evaluation assumptions
	Category
	Parameters
	Value

	Deployment
	Evaluation scenario
	Public Safety / Layout Option 5 (Urban Macro with ISD 1732 m)

	
	Number of sites and sectors
	7 sites / 21 sectors

	
	Number of UE’s
	32 / sector

	
	UE drop model
	Uniform: UEs are dropped uniformly across macros area
Hotspot: 1 hotspot per cell, radius 40m, 2/3 of UEs in hotspots and 80/20 indoor/outdoor, minimum distance macro-hotspot 75, minimum distance hotspot-hotspot 80m
RRH: Two buildings in each macro cell, 2/3 of UEs in buildings and 80/20 indoor/outdoor, minimum distance macro-building centre 100m, buildings should not overlap.

	
	UE speed
	Indoor: 3km/h
Outdoor: 60km/h

	
	UE-UE distance
	>=3m

	UE association
	Number of Tx UE
	3 per sector


	
	Broadcast UE association
	Based on RSRP criteria (> -112dBm)

	UE RF parameters
	Tx power
	23 dBm

	
	Number of antennas
	1 Tx, 2 Rx

	
	Antenna gain
	0 dBi

	
	Antenna height
	1.5 m

	Traffic model
	VoIP TBS
	328 bits

	
	VAF
	75%

	
	Talk spurt
	Exponential distribution with mean of 2.5 sec

	System
	Carrier frequency
	700 MHz

	
	System bandwidth
	10 MHz

	
	Network operation
	Out of coverage (0% eNodeB’s enabled)

	
	Physical channel
	PUSCH (2 PRBs for TBS of 328 bits)

	Channel model
	Path loss model
	O2O: Winner+B1
	O2I: Winner+B4
	I2I: InH

	
	Shadowing
	O2O: 7 dB log-normal
	O2I: 7 dB log-normal
	I2I:  LOS: 3 dB log-normal
NLOS: 4dB log-normal

	
	Fast fading
	O2O: ITU-R IMT UMi LOS and NLOS
	O2I: ITU-R IMT UMi O2I
	I2I: ITU-R IMT InH LOS and NLOS
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