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1. Introduction
The study item on proximity services [1] was agreed at RAN #58, and at RAN #60, it was agreed that the study on D2D Communication would focus on broadcast D2D communication for the public safety use case for the Q3 2013 RAN1 meeting [2]. A methodology for evaluating the performance of various D2D schemes has been developed in RAN1 during recent meetings [3]-[6].  This contribution provides our initial assessment of D2D broadcast performance, along with discussing our observations regarding the current evaluation methodology.
2. Simulation Methodology Discussion 
The methodology used for the simulations complied with the numerous agreements resulting from the RAN1 #72bis and RAN1 #73 meetings, as well as the agreements reached in various offline email discussions that occurred after those meetings.   In this preliminary evaluation of link performance, a series of UE drops was performed using mandatory layout option 1, an example of which is illustrated in Figure 1.
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Figure 1.  Example System Layout Corresponding to Layout Option 1
As illustrated in Figure 1, each system layout is comprised of 19 macro sites (3 cells each) arranged in a hexagonal grid with a 500 meter inter-site distance.  Within each cell, a single RRH/Indoor hotzone is randomly positioned, along with 32 UEs.  2/3 of those UEs are dropped within the confines of the indoor hotzone, while the remaining 1/3 are randomly dropped outdoors throughout the remaining cell area.  In accordance with the evaluation agreements, the total percentage of indoor UEs is then brought up to 80% by taking an appropriate percentage of the outdoor UEs and converting them to “virtual” indoor UEs that are located within a separate building a distance of 1.5 meters from the exterior “virtual” wall.  Propagation is modeled in a wraparound fashion using the various device-to-device propagation models for outdoor-to-outdoor, outdoor-to-indoor, indoor-to-indoor (same building) and indoor-to-indoor (different buildings) that were agreed at RAN1 #73 and offline email discussions.  These simulation models, along with a full set of simulation parameters, are described in the Appendix.

In order to evaluate link performance, a series of trials was performed, with each trial consisting of the dropping of UEs in accordance with layout option 1 and the selection of 3 transmitter UEs per cell.  Receivers were then associated with the transmitters using the agreed association threshold of -112 dBm RSRP.  When determining the association for each transmitter, all non-transmitting nodes within the entire system layout were considered, and consequently, the resulting statistics include broadcast transmissions across cell boundaries.  When performing transmissions within a cell, the total transmission bandwidth was divided into roughly 3 equivalent portions (16 RBs each) so that the 3 transmitting UEs within a cell operated on orthogonal frequency resources to simplify the scheduling process.
Once the association process was complete, the performance of each link was evaluated by transmitting a total of 1000 packets (using a full buffer model) on each link for each of 16 different transmission bandwidths (1-16 RBs) and each of the 27 different MCS levels currently defined for LTE uplink operation.  For each combination of transmission bandwidth and MCS level, the number of packet successes out of 1000 was recorded for a given link and used to identify which bandwidth/MCS level combinations were capable of supporting a target packet error rate of 1% or less.  A total of 10,000 links were evaluated.  The results are described in Section 3.

3. Simulation Results 

The results of the simulations are illustrated in Figure 2, where all links that meet the target -112 RSRP threshold are included.
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Figure 2.  Link Rate CDFs for 1% PER Target for All Links Meeting the -112 dBm RSRP Threshold
A few observations based on Figure 1 are as follows:
· Roughly 50% of the outdoor-to-outdoor, outdoor-to-indoor, and indoor-to-indoor (different building) links are in outage due to significant interference levels that impact these links, especially when the receive UE is in an adjacent cell, and therefore, closer to the transmitting interfering UEs.

· The indoor-to-indoor links, where both the transmitter and receiver are located in the same building, operate at a very high level, with almost all (~95%) of the links working at the top MCS level across the entire 16 RB maximum allocation.

· The composite curve (all links) is skewed heavily by the indoor-to-indoor (same building) curve because of the decision to place 2/3 of the UEs locally within the same building, which consequently increases the percentage of links of this nature with respect to the overall pool of links evaluated.
This last observation is illustrated further in Figure 3, which illustrates the relative association frequency of each link type based on the simulated layout option.  As can be seen in Figure 3, indoor-to-indoor—same building (I2I-SB) links comprise almost 60% of the links evaluated.
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Figure 3.  Relative Link Type Histogram based on Layout Option 1 and a -112 dBm RSRP Threshold for Link Association
Because of the high outage probability, the 5% and median throughput values are zero for many of the link types.  In order to get a better understanding of what link rates are being observed by those UEs that are capable of receiving at least a minimal data rate, the results were post-processed to remove the outage UEs, in this case defined as those UEs that met the -112 dBm RSRP threshold, but because of interference conditions, could not receive even a minimal data rate.  The resulting link rate CDFs are illustrated for this case in Figure 4, and the relative link type histogram is illustrated in Figure 5 for this case.

As can be seen in Figure 4, the median link rate capability for those UEs not in outage is on the order of 1.5-2 Mbps for all link types except indoor-to-indoor – same building, while the 5% link rate capability for those links ranges from 56 kbps to 130 kbps.  Since most of the outages were for link types other than indoor-to-indoor – same building, the new link histogram shown in Figure 5 shows that the composite performance curve is even more dominated by the indoor-to-indoor – same building statistics.
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Figure 4.  Link Rate CDFs for 1% PER Target after Removing Outage Links
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Figure 5.  Link Type Histogram after Removing Outage Links
Finally, Table 1 summarizes the link rate capabilities for the various link types for both the agreed upon association procedure and for the case where outage links are removed from the statistics.
Table 1.  D2D Throughput Metrics for 1% PER
	
	Link Rates, in Mbps

	
	O2O
	O2I
	I2I-SB
	I2I-DB
	All Links

	All Links > -112 dBm RSRP
	Mean
	1.83
	1.94
	11.68
	1.91
	7.55

	
	Median
	0
	0.088
	11.83
	0.57
	11.83

	
	5%
	0
	0
	11.83
	0
	0

	After Removing Outages
	Mean
	4.24
	3.67
	11.69
	2.88
	9.48

	
	Median
	2.22
	1.8
	11.83
	1.38
	11.83

	
	5%
	0.12
	0.088
	11.83
	0.12
	0.42


4. Conclusions 

Based on this initial assessment of D2D broadcast using layout option 1, we make the following observations:

· The performance of layout option 1 is dominated by the indoor-to-indoor same building links.  These links almost always have extremely high SINR and therefore provide only limited insight into the relative performance of different D2D designs.

· In the interference conditions studied, broadcast D2D cannot support a range corresponding to -112 dBm RSRP for a large percentage of links. 

Therefore, we note:

· Evaluations using one or more of the “non-mandatory” layout options may be necessary to adequately compare different D2D approaches.

· Methods to better allocate or coordinate D2D resources may further improve performance.
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6. Appendix
Table A.1 Summary of System-Level Evaluation Parameters for D2D Broadcast Evaluation

	Parameter
	Assumption

	Layout Option
	1

	Macro-cell Layout
	Hexagonal grid, 19 macro sites, 3 sectors per site,

wrap-around universe

	Macro-cell Inter-site distance
	500 m

	Carrier Frequency
	2 GHz

	Bandwidth
	10 MHz

	Vehicle Penetration Loss
	0 dB

	Vehicle Speed
	3 kph

	D2D Channel Models
	See Table A.2

	Indoor Hotspot Placement
	Random within each cell

	UE Placement
	as per [5]

	UE Noise Figure
	9 dB

	UE Receive Antennas
	2


Table A.2 Summary of Channel Models for D2D Broadcast Evaluation
	
	Outdoor-to-Outdoor
	Outdoor-to-Indoor
	Indoor-to-Indoor

	Pathloss Model
	Modified WINNER+ B1
	Modified WINNER+ B4
	InH (36.814)

	Modifications
	h_BS = h_MS = 1.5m
h_BS’ = h_MS’ = 0.8m

LOS offset = 0 dB

NLOS offset = -5 dB (used to reduce pathloss)

PL_B1_tot = max(PLfreespace, PL_B1)
	LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in
NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS
	

	LOS Probability
	ITU UMi

	Shadowing Sigma
	7 dB
	7 dB
	3 dB LOS
4 dB NLOS

	Shadowing Correlation
	IID

	Fast Fading
	ITU-R IMT UMi

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

LOS and NLOS



