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1 Introduction

In RAN1 #54bis and #55, the 3GPP evaluation methodology and assumptions for LTE-Advanced system were discussed with a very good progress [1,2,3], to support the coming LTE-Advanced system evaluations in the near future. However, both the on-line discussions and those in RAN1 reflector show the different opinions on the assumptions of antenna patterns, summarized as below:
· Front-to-back ratio of horizontal antenna pattern:  whether to change Am from 20dB (as in 3GPP 25.814 [4] & IMT.EVAL [5]) to 25dB?
· How to combine the vertical and horizontal antenna pattern in the 3D antenna model, following IMT.EVAL [5] or introducing another one?
· For the selected horizontal antenna pattern and combining method, the detailed parameters for the vertical antenna pattern, e.g. downtilt angle and the 3dB beamwidth, are to be defined for different scenarios.
This contribution analyzes the impact of the above issues on the system performance, and compares the 3D antenna pattern with the 2D antenna pattern as defined in TS25.814. It is observed that LTE R8 with MIMO2x2 can reach the LTE-Advanced cell average and cell-edge spectrum efficiency requirements given in 36.913 in Case1, if following the 3D antenna model given in [2].  Based on all the analyses, it proposes to follow the same assumptions as IMT.EVAL agreed in ITU-R, including:

· Am=20dB with the combining method of vertical and horizontal antenna pattern in IMT.EVAL

· Leave the vertical antenna pattern parameters flexible to optimize the performance of LTE-Advanced features like CoMP and relay. For calibration usage without CoMP and relay, downtilt angle is 16° or 6°for Case1 and Case3 respectively, with the 3dB beamwidth of 15 degree.

2 The Antenna Models
The antenna model for LTE-Advanced evaluation in [1] contains the horizontal antenna pattern and the vertical antenna pattern as in Table 1. 
Table 1. Antenna model for LTE-Advanced evaluation
	Parameter
	Assumption

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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 is the front-to-back ratio

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 is the tilt angle, 
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Currently there are three methods of combining the horizontal and vertical antenna patterns as follows:
· Method 1 [5, IMT.EVAL in ITU-R]:
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· Method 2 [2]:
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· Method 3 [3]:
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The main difference of method 2 from the other two methods is that the maximum attenuation is 20dB higher than others, and the attenuation at the side-face is obviously higher than the other two methods. The combined 3D antenna patterns of method 1 and method 2 are given in figure 1, with 
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 of 16°. It can be seen that the main difference between method 1 and method 2 is the antenna gain at the azimuth of 
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The geometry distributions of the three methods are given in figure 2.(a), and the comparison with 2D antenna model and different front-to-back ratios are shown in figure 2.(b). Since method 3 and method 1 are quite similar to each other, this contribution focuses on the comparison between method 1 and method 2. Figure 2 shows that method 2 has significant high geometry SINR than the other two methods due to obviously better isolation among sectorized antennas, i.e. lower inter-cell interference, and is much better than that of 2D antenna model. It is not so easy to judge which 3D antenna pattern in figure 1 captures the antenna characteristics more accurately at this stage, thus it is hard to judge whether the corresponding remarkable system performance gain is reasonable or not. For an easier comparison with other IMT-A candidates, method 1 is recommended.
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 (c) Method 2 with -40dB normalization factor, 
[image: image22.wmf]o

o

90

90

£

£

-

q


Figure 1. The 3D antenna patterns of method 1 and method 2
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(a) Comparison among three methods, Am=20dB
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(b) Geometries of 2D antenna model, and 3D antenna model with different front-to-back ratios
Figure 2. The CDF of the geometries of the three methods in Case1 and Case3
3 System Level Evaluations
This section compares the system performance of the antenna patterns with different 3D front-to-back ratios and different combining methods of vertical and horizontal antenna patterns. 
According to [6], the optimal tilting angle is set to 16°and 6°for simulation case-1 and case-3 respectively by the exhaustive searching manner. In addition, the optimum 3dB beamwidth of vertical antenna pattern is 15°for combining method 1, and 10°for combining method 2.
3.1 The impact of the front-to-back ratio on the system throughput

Table 1 shows the downlink and uplink throughput gain of increasing the front-to-back ratio in horizontal antenna pattern from 20dB to 25dB for different combining methods. For downlink, the cell average throughput gain might reach beyond 10% for Case1, and still be close to 10% for Case3. The similar significant gain can be obtained for UL Case1, but only slight gain can be obtained for UL Case 3. Basically, the conclusion is that the system performance can be improved greatly by improving the antenna design with higher front-to-back ratio, which is reasonable.
Table1: The relevant gain of system throughput with front-to-back ratio of 25dB over 20dB
	Direction
	Simulation Case
	Combination method of Horizontal and vertical pattern
	Cell average Throughput 
gain
	Cell edge User throughput
gain

	Downlink MIMO 2x2
	Case 1
	Horizontal antenna only
	8.5%
	6.4%

	
	
	Method 1
	16.1%
	13.5%

	
	
	Method 2
	14.4%
	8.7%

	
	Case 3
	Horizontal antenna only
	7.9%
	4.2%

	
	
	Method 1
	9.0%
	-0.8%

	
	
	Method 2
	9.2%
	4.8%

	Uplink 
SIMO 1x2
	Case 1
	Horizontal antenna only
	4.7%
	8.3%

	
	
	Method 1
	8.9%
	23.5%

	
	
	Method 2
	10.3%
	6.8%

	
	Case 3
	Horizontal antenna only
	2.2%
	1.6%

	
	
	Method 1
	2.3%
	7.0%

	
	
	Method 2
	1.8%
	10.5%


3.2 The system performance comparison with 25.814, i.e. horizontal antenna pattern only with Am=20dB

The downlink throughput gains with different antenna patterns over the reference case in 25.814 are given in Table 2 for both case 1 and case 3, while the corresponding uplink throughput gains are given in Table 3.
It can be found that for Case1, introduction of the vertical antenna pattern brings remarkable gain in both average throughput and cell-edge throughput in both downlink and uplink; especially for the 3D antenna pattern with the combining method 2 with Am of 25dB, the gains of both the average cell throughput and cell-edge throughput over 25.814 are beyond 60% for downlink, and around 11% and 87% respectively for uplink.
For Case 3, the effect of the vertical antenna model is much modesty. For downlink, some gain over 25.814 can still be obtained with 25dB front-to-back ratio, e.g. 14% and 5% for average cell throughput and cell-edge user throughput respectively with 3D antenna pattern based on combining method 2. However, the performance degradation is suffered for uplink, which is even around -7% and -47%  for average cell throughput and cell-edge user throughput respectively with 3D antenna pattern based on combining method 2.

Considering that the uplink coverage is quite serious in Case 3, the performance of 3D antenna pattern is very pessimistic, although the downlink gain is so impressive.

In addition, comparing the two combining methods, method 2 outperforms method1 with around 30% gain both in cell average and cell edge throughput for Case1 in downlink, and the gain for Case1 is still significant in uplink as well. For Case3, marginal downlink gain is obtained with method 2 over method 1, but unacceptable loss (more than 30%) in uplink is suffered by method 2.

Table 2: The gain of downlink throughput over the reference case of 25.814
	Direction
	Simulation Case
	Combination method of Horizontal and vertical pattern 
	Am
	Average cell Throughput gain
	Cell edge user throughput gain

	Downlink

MIMO 2x2
	Case 1
	Method 1

	20 dB
	10.7%
	18.2%

	
	
	
	25 dB
	28.5%
	34.2%

	
	
	Method 2

	20 dB
	45.6%
	55.6%

	
	
	
	25 dB
	66.6%
	69.2%

	
	Case 3
	Method 1

	20 dB
	-1.5%
	-2.8%

	
	
	
	25 dB
	7.4%
	-3.7%

	
	
	Method 2

	20 dB
	4.4%
	0.1%

	
	
	
	25 dB
	14.0%
	4.9%


Table 3: The gain of uplink throughput over the reference case of 25.814
	Direction
	Simulation Case
	Combination method of Horizontal and vertical pattern 
	Am
	Average cell Throughput gain
	Cell edge user throughput gain

	Uplink

SIMO 1x2
	Case 1
	Method 1

	20 dB
	-0.34%
	15.8%

	
	
	
	25 dB
	5.2%
	43.0%

	
	
	Method 2

	20 dB
	9.1%
	75.4%

	
	
	
	25 dB
	11.3%
	87.3%

	
	Case 3
	Method 1

	20 dB
	-5.8%
	-33.1%

	
	
	
	25 dB
	-3.7%
	-28.4%

	
	
	Method 2

	20 dB
	-8.6%
	-51.7%

	
	
	
	25 dB
	-6.9%
	-46.7%


3.3 Comparison with the LTE-Advanced requirements

Taking the DL MIMO2x2 as the example, the simulated spectrum efficiencies in Case1 of different antenna models are compared with the LTE-Advanced requirements in 36.913, as in Table 4. Roughly say, the gains due to different channel model modifications with proportional fair scheduler are summarized as below:

· Around 10% over 2D antenna model, by introducing the vertical antenna pattern, keeping front-to-back ratio;

· Around 15% by increasing the front-to-back ratio from 20dB to 25dB;

· Around 30% by changing the 3D antenna model combining equation from method1 in ITU-R to method2.

It is found that LTE R8 is capable to reach the LTE-A requirements if following method 2, without any modification in the transmission techniques. With method 1 and front-to-back ratio of 25dB, the cell edge user spectrum efficiency also reaches the LTE-A requirement.
Table 4: Comparison with the LTE-Advanced requirements in 36.913 in DL
	
	Simulation Case
	Antenna Configuration
	Combination formula of Horizontal and vertical pattern 
	Am
[dB]
	Cell average Spectrum efficiency (bps/Hz)
	Cell edge User Spectrum efficiency (bps/Hz)

	LTE-A DL requirements in 36.913
	Case1
	2x2
	-
	-
	2.4
	0.07

	DL simulation results, with proportional fair scheduler
	Case1
	2×2 
	Horizontal antenna only
	20
	1.58
	0.05

	
	
	
	Method 1
	20
	1.74
	0.06

	
	
	
	
	25
	2.01
	0.07

	
	
	
	Method 2
	25
	2.56
	0.08


4 Conclusion

This contribution analyzes and evaluates the impact of different antenna patterns on the system throughput in both uplink and downlink for Case1 and Case3 respectively, summarized as below

· Front-to-back ratio of horizontal antenna pattern:
· The system performance can be improved greatly by improving the antenna design with higher front-to-back ratio. By increasing Am from 20dB to 25dB, the cell throughput gain is at the level of 10% for Case1 uplink and downlink, and Case3 downlink; while the gain is less for Case3 uplink;

· Changing the front-to-back ratio makes the comparison with LTE and other IMT-A candidates very hard. For the evaluation usage, it is still recommended to use 20dB as in 25.814.

· How to combine the vertical and horizontal antenna pattern?
· Combining method 2 can reach 20dB higher antenna attenuation than method 1, thus it obtains remarkable cell throughput gain over method 2 for Case1, around 30%  in downlink and slightly less in uplink. However, due to the much lower antenna gain toward the side face, in the case of power-limited scenario as Case3, the serious loss (more than 30%) in uplink is suffered by method 2. Considering that the uplink coverage is quite serious in Case 3, the performance of 3D antenna pattern is very pessimistic, although the downlink gain is so impressive.

· It is hard to judge which 3D antenna pattern, method 1 or method 2, captures the antenna characteristics more accurately, i.e. it is hard to confirm that the corresponding remarkable system performance gain with method 2 in case1 is reasonable. 
· For an easier comparison with other IMT-A candidates, method 1 is recommended for 3D antenna pattern; or let’s stay with the 2D antenna pattern in 25.814 to keep easier comparison with LTE as well.
· If 3D antenna pattern is finally choosed, some flexibility of the vertical antenna pattern parameters is expected to optimize the performance of LTE-Advanced features like CoMP and relay. For calibration usage with R8 features, downtilt angle is 16° or 6°for Case1 and Case3 respectively, with the 3dB beamwidth of 15 degree.

5 Text proposal

We propose to capture the following text in A.2.1.1.1 of TR 36.814 [7]:

--- Start Text Proposal ---
A.2.1.1.1
Homogeneous deployments

The minimum set of simulation cases is given in Table A.2.1.1-1 along with additional assumptions related to carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed. 

For 3GPP cases only, the system simulation baseline parameters for the macro-cell deployment model are as specified in [TR 25.814], with the modifications given in Table A.2.1.1-2. 

For the ITU cases, simulation parameters should be aligned with the ITU guidelines in [IMT Eval], some of which are reflected in Table A.2.1.1-1. Note that [IMT.EVAL] section-8 defines different antenna horizontal and vertical pattern from those defined in Table A.2.1.1-2 which is for 3GPP case evaluation only. 

Table A.2.1.1-1 – E-UTRA simulation case minimum set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Additional  Simulation 

	Cases 
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Parameters

	3GPP case 1
	2.0
	500
	FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1-2 and 25.814

	3GPP case 1 extended
	2.0
	500
	FDD:80+40*
TDD: 80*
	20
	3
	Table A.2.1.1-2 and 25.814

	3GPP case 3
	2.0
	1732
	 FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1-2 and 25.814

	ITU Indoor,  
Indoor hotspot scenario
	3.4
	60
	FDD:20+20  TDD: 40*
	N.A.
	3
	[IMT Eval] Section 8

	ITU Indoor extended,  
Indoor hotspot scenario
	3.4
	60
	FDD:80+40*
TDD: 80*
	N.A.
	3
	[IMT Eval] Section 8

	ITU Microcellular, 
Urban micro-cell scenario
	2.5
	200
	FDD:10+10  TDD: 20 
	See [IMT Eval] Annex.1
	3
	[IMT Eval]

Section 8

	ITU Base coverage urban,
Urban macro-cell scenario
	2.0
	500
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	30
	[IMT Eval]

Section 8

	ITU Base coverage urban extended,
Urban macro-cell scenario
	2.0
	500
	FDD:80+40*
TDD: 80*
	See [IMT Eval] Annex.1
	30
	[IMT Eval]

Section 8

	ITU High speed, 
Rural macro-cell scenario
	0.8
	1732
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	120
	[IMT Eval]

Section 8


(*) Pending availability of applicable channel model.

Table A.2.1.1-2 – 3GPP Case 1 and 3 (Macro-cell) 
system simulation baseline parameters modifications as compared to TR 25.814
	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 16°FFS degrees for 3GPP case 1 and 
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= 6°FFS degrees for 3GPP case 3 may be used. Antenna height is set to 32m.

	Combining method in 3D antenna pattern
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	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   
46/49dBm – 10, 20MHz carrier
Some evaluations to exploit carrier aggregation techniques may use wider bandwidths e.g. 60 or 80 MHz (FDD). For these evaluations [49 dBm] Total BS Tx power should be used.

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	In addition to the antenna bore-sight orientation in TR25.814 (center direction points to the flat side), an optional orientation as shown can be used if needed in Coordinated Multipoint study (i.e., point to corners)
	 





--- End Text Proposal ---
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Appendix: System Level Simulation Assumptions

The system level simulation assumptions are given in Table A.1.

Table A.1: System Level Simulation Assumptions.

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m; 1732m

	Load
	Average 10 UE per sector

	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	UE power class
	23dBm (200mW)

	Antenna Gain at eNode-B
	14 dBi

	Antenna Gain at UE
	0 dBi

	Noise figure at BS
	5dB

	Noise figure at UE
	9dB

	Path-Loss
	128.1+37.6log10(R), R in km for 2GHz

	Lognormal Shadowing with shadowing standard deviation
	8dB

	Scheduler
	Round Robin if not specified.
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Method 2


Method 1


Method 3





Method 2


Method 1


Method 3










































_1290498487.unknown

_1292606006.unknown

_1292607168.unknown

_1292607199.unknown

_1293377423.unknown

_1293386153.unknown

_1293375892.unknown

_1292607178.unknown

_1292606115.unknown

_1292603597.unknown

_1292603976.unknown

_1292603533.unknown

_1290426643.unknown

_1290427855.unknown

_1290498399.unknown

_1290426456.unknown

_1290426540.unknown

_1274866978.unknown

_1282121927.unknown

_1290426364.unknown

_1282121912.unknown

_1274866926.unknown

_1274866650.unknown

