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Discussion
1. Introduction

This contribution discusses two seemingly identical but different uniform random UE location (drop) methods and their impact on system performance of networks with or without relays.  That is, the UEs may be either dropped uniformly randomly within each cell of the network, or dropped uniformly randomly within the entire network.  These two methods, cell-wise uniform vs. network-wise uniform, can lead to different throughput performance for networks with or without relays.  Note that the network-wise uniform method was used to generate downlink system performance results with relays in [2]. 
2. Simulation setup

A two ring hexagonal grid layout was simulated with dual port UE receiver operation assumed TU channels and 5MHz bandwidth.  Deployment Scenario (DS) Case 3 was assumed with 19 macro eNB cell sites and cell wrap-around.  Therefore, a 57 macro cell network was considered.  To drop UEs, one may either:

1) Randomly drop UEs with uniform spatial probability density over each of the 57 cells. In other words, each cell has exactly N UEs, and within each cell, each of the N UEs follows a uniform spatial distribution over the cell (cell-wise uniform);

or

2) Randomly drop UEs with uniform spatial probability density over the entire 57 cells. Each cell may or may not have exactly N UEs.  Each of the 57 x N UEs follows a uniform spatial distribution over the network, and the number of UEs per cell (ideally) follows a Poisson distribution (network-wise uniform).

These two methods are different even in a network with a hexagonal grid layout and without lognormal shadowing.  In such a case, assuming N=10, then method 2) leads to a Poisson(10) distribution shown in  Table 1.  It can be seen that typically only about 7 cells have exactly 10 UEs each, and about 1 cell has as few as 4 UE and about 1 cell has as many as 16 UEs, despite the fact that over the entire network each cell has 10 UEs on average.

Table 1 – Poisson(10) distribution and typical # of cells with k UEs/cell
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probablity

11.4% 9.5% 7.3% 5.2% 3.5% 2.2% 1.3% 0.7% 0.4% 0.2%
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Moreover, when lognormal shadowing exists, it can alter the size of each cell.  This would further impact the UEs’ long term C/I distributions as well as how the schedulers perform and hence throughput results.  The larger the lognormal shadowing standard deviation, the larger the C/I distribution difference. Some brief analysis is presented in Appendix A.
When relays were included in the simulations, they were dropped according to the description in [2].  SCM model was not used. 2x2 transmissions were used throughout. Antenna beamwidth assumptions were discussed in [3].  More details of the simulation assumptions can be found in Appendix B. 
It can be seen from Table 2 that the two UE dropping methods lead to different system performance.  The cell-wise dropping method has larger cell edge throughputs but lower sector average throughputs, that is, better throughput fairness (or outcome fairness).  This is related to the fact that cell-wise uniform has more uniform loads from one cell to another.  It is also related to the UEs’ long term C/I distributions.  Figure 1 shows 3 drop results of the long term C/I differences, in which 0.5 dB or even 1 dB C/I differences are observed.  It is also observed that the cell-wise uniform method generates fewer very low (<= -6dB) C/I UEs.  Note that, however, network-wise uniform has larger variations from drop to drop.  If a larger number of drops were simulated (e.g. 15 drops), the long term C/I differences may become smaller than shown in Figure 1.  
One reason to clearly distinguish these two methods in system level simulations is that, when UEs are dropped differently and have different long term C/I distributions and UE spatial densities, it causes the eNBs and relays to behave differently and affects throughput performance for both eNBs and relays.  To correctly understand system throughput performance with relays, this factor of different ways of dropping UEs needs to be correctly accounted for.  The cell-wise uniform method may be seen as artificially limiting the number of very low C/I UEs and hence is not desired, since one main purpose of deploying relays is to improve throughput performance of low geometry UEs located at coverage holes.  To better see the effect on relay performance, see Figure 2, in which a nonlinear relationship between the number of UEs served by relays against the number of relays indicates higher or lower UE densities in some spatial regions or in some C/I regions.  Since the cell-wise uniform method has fewer very low C/I UEs, relays dropped at the worst C/I locations (see [2] for details of the relay dropping methods) will not be able to serve sufficient number of UEs as seen in Figure 2 (b).  The network-wise uniform method, which exhibits a more linear relationship between the number of UEs served by relays against the number of relays, is suggested to be adopted in system simulations with relays, at a cost of more drops needed to obtain stable results.
3. Conclusions

System level throughput performance of DS Case 3 with and without relays was evaluated to understand the difference between cell-wise uniformly dropping UEs and network-wise uniformly dropping UEs.  It is seen that these two UE dropping methods may artificially alter UE’s spatial densities and long term C/I distributions and lead to different throughput performance.  It is suggested how the UEs are dropped be clearly distinguished in simulations (perhaps especially so in simulations with relays) in order to correctly understand or fairly compare results, and it is suggested to adopt the network-wise uniform dropping method to obtain more meaningful relay throughput performance results.
Table 2 - Throughput results for systems w/wo relays, cell-wise uniform vs. network-wise uniform
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(a) High C/I regime



(b) Low C/I regime

Figure 1 – Long term C/I CDFs for cell-wise uniform vs. network-wise uniform (high C/I regime and low C/I regime, 3 drop results)
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(a) Network-wise uniform



(b) Cell-wise uniform

Figure 2 – Number of UEs served by relays against number of relays, for cell-wise uniform vs. network-wise uniform 

Table 3 – Number of UEs per relay
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Appendix A: The effect of lognormal shadowing on UEs’ long term C/I distribution

The below figure shows one possible way of how the cell sizes and hence UEs’ long term C/I distributions are affected by lognormal shadowing (note that other possibilities exist).  In this case, the cell-wise uniform causes UE spatial density to vary (that is, UEs may be dense in some regions and sparse in some other regions) while the number of UEs served by the base stations (BS) is constant.  In contrast, the network-wise uniform has uniform UE spatial density (that is, the number of UEs over any fixed area region is constant) regardless of the lognormal shadowing, while the number of UEs served by the base stations is varying.
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Figure 3 – Cell sizes and C/I distributions affected by lognormal shadowing

Appendix B: simulation assumptions

Table 4 - Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, wrapped‑around

	Relay layout
	1 cell per site, not wrapped‑around, see [2]

	Inter-site distance (ISD)
	1732 m

	Distance-dependent path loss for macro eNBs
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for relays
	L = 140.7 + 36.7log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Penetration loss from relay to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 2 for control (n=2), 1 for RS overhead)

	Channel model
	Typical Urban (TU) used for PDSCH 

	UE deployment
	570 UEs over 57 cells (uniform random spatial distribution over the network)

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	350 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay
	8 subframes ( ms)

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs (horizontal)
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays (horizontal)


	0dB for all directions

	Antenna pattern for macro eNBs and relays (vertical)
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 = 20 degrees,  SLAv = 20 dB

	Total macro BS TX power
	20 Watts, 43 dBm 

	Total relay TX power
	0.5 Watt, 27 dBm

	BS and relay antenna gain (incl. cable loss)
	14 dBi and 5 dBi respectively

	BS and relay transmitter
	2 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Ideal

	UE Channel Estimation
	Non Ideal

	Simulation drops
	15
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