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1. Introduction

In the Text Proposal for Evaluation Methodology [1], it was proposed that the antenna vertical beamwidth is 
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 = 10 degrees (that is, +/- 5 degrees).  This contribution studies the impact of antenna vertical beamwidth on system performance for networks with or without relays.  In particular, throughput results of vertical beamwidths of +/- 5 degrees vs. +/- 10 degrees (i.e. 
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 = 20 degrees) are compared.
2. Simulation setup

A two ring 19 cell site 3-sector 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 cell wrap-around.  UEs were randomly dropped with uniform spatial probability density over the entire 57-cell network. For this approach vs. randomly dropping UEs with uniform spatial probability density over each of the 57 cells; see [1]).   The dropped relays were confined within 3.5 times cell radius distance from the center eNB of the network. The minimum allowed distance between any two relays is 350 m. The dropping of relays may have two different approaches: 1) Randomly dropping relays with uniform distribution in low geometry regions, or 2) Dropping relays at the worst long term C/I regions.  See [1] for details.
Each relay is a single cell with its own scheduler, control channels, and an omnidirectional antenna which may be down tilted.  The macro eNB’s antenna may be down tilted as well.  The vertical antenna pattern is given by 
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with 
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 = 20 degrees (i.e. +/- 10 degrees) or 10 degrees (i.e.+/-5 degrees),  SLAv = 20 dB, and 
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is the electrical antenna downtilt angle. More details of the simulation assumptions can be found in Appendix A. 
A +/- 5 degree vertical beamwidth would mean transmission energy is focused over smaller 3D area as compared to a +/- 10 degree beamwidth, therefore, antenna gain should be larger which should partially offset the C/I loss in the area not close to the main beam.  Based on 2D and 3D estimation methods the antenna gain should increase by about 1dB for +/- 5 degree vertical antenna pattern relative to the +/- 10 degree pattern.  Note that 7 degree downtilt of macro eNBs’ antennas [1] was used for both beamwidths.
Cases with and without the 1dB antenna gain compensation were simulated.  It can be seen that using +/- 5 degree beamwidth without the 1dB compensation results in cell edge throughput losses from 7% to 13% for the cases given in Table 1.  This is because antennas of +/- 5 degree beamwidth are more directional and do not cover the cell edge well if they are not directed to cell edges.  With 1dB compensation and +/- 5 degree beamwidth the cell edge throughput losses are only 2% to 6% but come with sector average throughputs gains of 1% to 7%.  Figure 1 shows that in low C/I region, the 1dB loss due to the smaller beamwidth can be mostly compensated by the 1dB increase of antenna gain.  Therefore, when this is accounted for we don’t see any benefit from going from +/-10 degree to +/- 5 degree beamwidth for DS Case 3.
3. Conclusions

System level throughput performance of Case 3 with +/- 5 and +/- 10 degree antenna vertical beamwidth was evaluated.  It is seen that +/- 5 degree beamwidth with appropriate antenna gain can attain a reasonable cell edge throughput performance similar to +/- 10 degree beamwidth.  Due to higher sensitivity to vertical antenna downtilt errors expected with +/- 5 degree beamwidth (and also possible uplink coverage issues) for deployment scenario 3 then +/- 10 degree vertical beamwidth is instead proposed.
Table 1 - Throughput results for systems with/without relays, +/- 10 vs +/- 5 deg vertical beamwidth
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Sector tput 

(kbps)

10861 11120 11315 11941 12440 11164 11417 11976 12420 10984 11231 11689 12042 11116 11431 11872 12277 11211 11524 11928 12539

5%ile tput 

(kbps)

146.70 145.18 147.83 148.02 148.87 145.28 145.77 146.93 148.86 146.18 145.83 145.94 148.32 146.99 147.53 147.64 148.64 146.37 146.84 148.79 150.42

Sector tput 

gain %

- 2.4% 4.2% 9.9% 14.5% 2.8% 5.1% 10.3% 14.4% 1.1% 3.4% 7.6% 10.9% 2.3% 5.2% 9.3% 13.0% 3.2% 6.1% 9.8% 15.4%

5%ile tput 

gain %

- -1.0% 0.8% 0.9% 1.5% -1.0% -0.6% 0.2% 1.5% -0.4% -0.6% -0.5% 1.1% 0.2% 0.6% 0.6% 1.3% -0.2% 0.1% 1.4% 2.5%

Sector tput 

(kbps)

11270 11569 11877 12381 12857 11629 11898 12389 12666 11559 11918 12386 12926 11473 11685 12136 12471 11714 12153 12429 12631

5%ile tput 

(kbps)

138.54 139.04 140.94 144.07 146.19 139.79 140.13 142.39 144.45 139.1 140.83 142.31 145.64 138.78 139.73 141.38 143.81 140.28 143.08 144.82 146.31

Sector tput 

gain %

- 2.7% 5.4% 9.9% 14.1% 3.2% 5.6% 9.9% 12.4% 2.6% 5.7% 9.9% 14.7% 1.8% 3.7% 7.7% 10.7% 3.9% 7.8% 10.3% 12.1%

5%ile tput 

gain %

- 0.4% 1.7% 4.0% 5.5% 0.9% 1.1% 2.8% 4.3% 0.4% 1.7% 2.7% 5.1% 0.2% 0.9% 2.0% 3.8% 1.3% 3.3% 4.5% 5.6%

Sector tput 

(kbps)

11120 11413 11711 12208 12668 11472 11733 12216 12487 11403 11758 12216 12748 11320 11525 11967 12295 11557 11987 12251 12451

5%ile tput 

(kbps)

127.98 129.79 131.58 135.30 138.18 129.83 130.92 133.76 136.62 129.61 131.38 134.11 137.53 129.12 130.52 132.47 135.53 131.51 134.58 136.46 138.09

Sector tput 

gain %

- 2.6% 5.3% 9.8% 13.9% 3.2% 5.5% 9.9% 12.3% 2.5% 5.7% 9.9% 14.6% 1.8% 3.6% 7.6% 10.6% 3.9% 7.8% 10.2% 12.0%

5%ile tput 

gain %

- 1.4% 2.8% 5.7% 8.0% 1.4% 2.3% 4.5% 6.8% 1.3% 2.7% 4.8% 7.5% 0.9% 2.0% 3.5% 5.9% 2.8% 5.2% 6.6% 7.9%
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Figure 1 – Long term C/I CDFs for +/- 10 deg beamwidth vs. +/- 10 deg beamwidth (high C/I regime and low C/I regime)
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Table 2 - 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 [3]

	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: macro to UE
	8 dB

	Shadowing standard deviation: relay to UE
	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

	BS antenna downtilt
	7 degrees

	Relay antenna downtilt
	5 degrees

	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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