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1. Introduction
This contribution summarizes the joint calibration activities for evaluating the IEEE 802.16m air interface using the IMT-Advanced evaluation methodology. The system level simulation study where the performance is examined by system level simulations is an essential part for the purpose of self-evaluation of the technical performance as a proponent for IMT-advanced. The system-level performance has been evaluated through multiple tests considering various assumptions and environments in order to increase the reliability of the calibration work. Therefore, the evaluation methodologies, assumptions and configurations to perform system level simulations have been discussed.
In the tables of Sections 2 to 4, the different sources of the evaluation results correspond to contributors from the different affiliations according to the following mapping:
	Source 1
	Intel Corporation

	Source 2
	Clearwire

	Source 3
	ETRI

	Source 4
	Fujitsu Laboratories Ltd.

	Source 5
	KDDI R&D Laboratories

	Source 6
	LG Electronics

	Source 7
	MediaTek Inc.

	Source 8
	Motorola Inc.

	Source 9
	Samsung Electronics

	Source 10
	Alcatel-Lucent Shanghai Bell

	Source 11
	UQ Communications

	Source 12
	NEC Corporation

	Source 13
	ITRI


2. Test environments and evaluation configurations
The four mandatory test environments, i.e., Indoor (InH), Urban micro-cell (UMi), Urban macro-cell (UMa), and Rural macro-cell (RMa), are considered. The baseline evaluation configuration parameters and additional parameters are aligned with [1] and the summary is described as Table 1. 
Table 1 Evaluation Parameters

	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban 
micro-cell
	Urban 
macro-cell
	Rural macro-cell

	Layout
	Indoor floor
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid

	Inter-site distance
	60 m
	200 m
	500 m
	1 732 m

	Base station (BS) antenna height
	6 m, mounted on ceiling
	10 m, below rooftop
	25 m, above rooftop
	35 m, above rooftop

	Number of BS antenna elements
	Up to 4 rx

Up to 4 tx
	Up to 4 rx

Up to 4 tx
	Up to 4 rx

Up to 4 tx
	Up to 4 rx

Up to 4 tx

	Total BS transmit power
	24 dBm for 40 MHz,
21 dBm for 20 MHz
	41 dBm for 10 MHz, 44 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz

	User terminal (UT) power class
	21 dBm
	24 dBm
	24 dBm
	24 dBm

	UT antenna system
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx

	Minimum distance between UT and serving cell(2)
	>= 3 m
	>= 10 m
	>= 25 m
	>= 35 m

	Carrier frequency (CF) for evaluation (representative of IMT bands)
	3.4 GHz
	2.5 GHz
	2 GHz
	800 MHz

	Outdoor to indoor building penetration loss
	N.A.
	Table A1-2 in [1]
	N.A.
	N.A.

	Outdoor to in-car penetration loss
	N.A.
	N.A.
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)

	User distribution
	Randomly and uniformly distributed over area
	Randomly and uniformly distributed over area. 50% users outdoor (pedestrian users) and 50% of users indoors
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles
	Randomly and uniformly distributed over area. 100% of users outdoors in high speed vehicles

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

	Channel model
	InH

Indoor hotspot (LoS, NLoS)
	UMi

Urban micro (LoS, NLoS, Outdoor-to-indoor)
	UMa

Urban macro (LoS, NLoS)
	RMa

Rural macro (LoS, NLoS)

	UT speeds of interest
	3 km/h
	3 km/h
	30 km/h
	120 km/h

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB

	UT noise figure
	7 dB
	7 dB
	7 dB
	7 dB

	BS antenna gain (boresight)
	0 dBi
	17 dBi
	17 dBi
	17 dBi

	UT antenna gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz

	Cable loss (or feeder loss)
	2 dB
	2 dB
	2 dB
	2 dB

	Evaluated service profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation bandwidth
	20 + 20 MHz (FDD), or 
40 MHz (TDD)
	10 + 10 MHz (FDD), or 
20 MHz (TDD)
	10 + 10 MHz (FDD), or 
20 MHz (TDD)
	10 + 10 MHz (FDD), or 
20 MHz (TDD)

	Number of users per cell
	10
	10
	10
	10


Other configurations and assumptions not described in Table 1 are specified in [2]. The antenna characteristics, channel model approach, and drop concept are aligned with [1]. Additional configuration information is provided in this document when the description in [1] can be interpreted in multiple ways.

· The user drop concept 
For user dropping, it is stated in [1] that users are dropped independently with uniform distribution over predefined area of the network layout throughout the system. However, this statement may have two different interpretations. Case 1: Users can be dropped so that the number of users per sector equals 10, i.e., 570 users are dropped over the area covered by 57 sectors; Case 2: 570 users are dropped uniformly over the whole area and the serving sector for each user is determined after all users are dropped. We consider user dropping so that equal number of users is dropped in each sector, i.e., Case 1. This implies that a user is re-dropped when the number of users connected to the serving sector exceeds the target number.

· Cell selection

A user is connected to the sector which has highest geometry. It is implemented by finding a sector transmitting the strongest signal to the user among the neighboring sectors. Once a user is connected to a serving sector at the dropping stage, the connection is consistent over whole simulation time.

· Path loss model

Additional clarification to calculate path loss for outdoor-to-indoor (O-to-I) case in UMi environment is necessary, since it is ambiguous on generating path loss and channel model parameters of indoor users whether it should be based on LoS or NLoS. For this case, LoS or NLoS is determined by using the LoS probability to calculate path loss, while the NLoS condition for O-to-I channel model parameter is applied to generate small-scale parameters. 
· Antenna pattern & Configuration

Two kinds of BS antenna patterns are supported. One is horizontal antenna pattern and the other is vertical antenna pattern. The horizontal antenna pattern used for each BS sector is specified as:
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where A(() is the relative antenna gain (dB) in the direction (, (180º ( ( ( 180º, and min [.] denotes the minimum function, (3dB is the 3 dB beamwidth (corresponding to (3dB( 70º), and Am = 20 dB is the maximum attenuation.

A similar antenna pattern is for elevation in simulations that need it. In this case the antenna pattern is given by:
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where Ae(() is the relative antenna gain (dB) in the elevation direction, (=atan(hBS/d) , −90º ( ( ( 90º,  (3dB is the elevation 3 dB value ((3dB=15º), ( tilt is the electrical tilt angle, which is specified according to deployment scenario. Note that antenna tilting is applied in both downlink and uplink. Table 1 shows the antenna tilting angle for each test environment used in the evaluation.

Table 2 Antenna Tilting Angle
	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban 
micro-cell
	Urban 
macro-cell
	Rural macro-cell

	Tilting Angle (deg)
	0
	12
	12
	6


Two kinds of uniform linear array antenna (ULA) configuration are supported i.e., co-polarized ULA and cross-polarized ULA. For the purpose of evaluation, we use the co-polarized ULA as the basic antenna configuration. 
· Cluster beam gain

The antenna attenuation pattern needs to be applied when there are multiple clusters arrived or departed with different angles. For the purpose of calibration the field pattern based on LoS direction is applied for all clusters so that each cluster experiences the same field pattern.  
· Large-scale parameters

Spatial large-scale parameters (LSP) are used as control parameters to generate small-scale fading. It is noted that different MSs located at the same spatial position experience the same LSP parameters. One of the following three methods can be used for generating LSP parameters. The difference of the methods is minor with respect to the system performance.

· Method 1 
1) Make lattices with dcorr over the entire area.

2) Generate 4X1 (or 5X1) normal distributed and independent random vector for LSP parameters at each lattice point.

3) When a user is dropped, 4X1 (or 5X1) random vector are obtained by linear interpolation with random vectors at the four closest lattice points from the user position.

4) Obtain 4X1 (or 5X1) cross-correlated random vector by multiplying the random vectors with square root of 4X4 (or 5X5) correlation matrix derived from Table A1-7 in [1].

5) Modify each random variable of the vector so that the mean and variance becomes the mean and variance for each LSP.
6) Transform dB scale to linear scale.

· Method 2 
1) Make fine lattices over the entire area.

2) Generate 4X1 (or 5X1) normal distributed and independent random vector at each lattice point.

3) Convert random vector so that each element be auto-correlated using FIR filtering with impulse response

H(d) = exp(-d/dcorr) where d is the distance between two lattice points and dcorr is the correlation distance.
4) When a user is dropped, the random vector at the closest lattice point is selected. 
5) Obtain 4X1 (or 5X1) cross-correlated random vector by multiplying the random vectors with square root of 4X4 (or 5X5) correlation matrix derived from Table A1-7 in [1].

6) Modify each random variable of the vector so that the mean and variance becomes the mean and variance for each LSP.
7) Transform dB scale to linear scale.

· Method 3

1) When a user is dropped, a random vector 4X1 (or 5X1) is generated in which each is independent.
2) Modify each random variable of the vector so that the mean and variance becomes the mean and variance for each LSP.
3) Transform dB scale to linear scale.
3. Geometry Calibration 
In the following figures, the downlink geometry (SINR distributions) graphs are presented for the mandatory IMT-Advanced test environments. The results show that the distributions derived from each source are well matched with each other for all test environments. 
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4. Link Adaptation and SINR-PER Mapping 
When an HARQ burst is sent with a certain MCS level, the effective SINR of the received signal is calculated in the system level simulations. The decision of packet error is made randomly by considering the packet error probability for a given effective SINR. The packet error probability per SINR for a given MCS is predetermined where the average error probability is derived from link level simulations based on the AWGN assumption. The effective SINR at the receiver side is obtained according to the methodology in [2].
The IEEE 802.16m coding rate is determined by the number of data tones of assigned resources and MIMO rank to send a particular HARQ burst due to the used rate matching scheme. Realistic modeling requires considering different set of MCS levels per resource allocation, per pilot pattern, and per MIMO rank which is extremely laborious for system level simulation. Some approximations are unavoidable to model link adaptation with rate matching scheme for the sake of simplicity. The difference due to this approximation does not affect significantly the performance. 
For the sake of calibration, 16 MCS levels out of total 32 MCS levels are agreed to be used for system level simulations. Table 3 shows the selected 16 MCS levels and corresponding data burst size as color-coded shadow which the total 8 LRUs and 4 subframes can accomodate with rank 1 at once. Note that, in this case, 12 pilot tones are assumed to be included in a PRU and consequently total 3072 tones can be used for data burst transmission.
Table 3 Used 16 MCS levels (color-coded rows) and corresponding data burst sizes
	I_SizeOffset
	I_minimal_size
	Modulation order
	Data burst size idx
	Data burst size (byte)
	Number of coded block
	Coding rate

	0
	20
	2
	20
	64
	1
	0.083333333

	1
	20
	2
	21
	71
	1
	0.092447917

	2
	20
	2
	22
	80
	1
	0.104166667

	3
	20
	2
	23
	90
	1
	0.1171875

	4
	20
	2
	24
	100
	1
	0.130208333

	5
	20
	2
	25
	114
	1
	0.1484375

	6
	20
	2
	26
	128
	1
	0.166666667

	7
	20
	2
	27
	145
	1
	0.188802083

	8
	20
	2
	28
	164
	1
	0.213541667

	9
	20
	2
	29
	181
	1
	0.235677083

	10
	20
	2
	30
	205
	1
	0.266927083

	11
	20
	2
	31
	233
	1
	0.303385417

	12
	20
	2
	32
	262
	1
	0.341145833

	13
	20
	2
	33
	291
	1
	0.37890625

	14
	20
	2
	34
	328
	1
	0.427083333

	15
	20
	2
	35
	368
	1
	0.479166667

	16
	20
	2
	36
	416
	1
	0.541666667

	17
	20
	2
	37
	472
	1
	0.614583333

	18
	20
	2
	38
	528
	1
	0.6875

	19
	20
	4
	39
	600
	1
	0.390625

	20
	20
	4
	40
	656
	2
	0.427083333

	21
	20
	4
	41
	736
	2
	0.479166667

	22
	20
	4
	42
	832
	2
	0.541666667

	23
	20
	4
	43
	944
	2
	0.614583333

	24
	20
	6
	44
	1056
	2
	0.458333333

	25
	20
	6
	45
	1200
	3
	0.520833333

	26
	20
	6
	46
	1416
	3
	0.614583333

	27
	20
	6
	47
	1584
	3
	0.6875

	28
	20
	6
	48
	1800
	3
	0.78125

	29
	20
	6
	49
	1888
	4
	0.819444444

	30
	20
	6
	50
	2112
	4
	0.916666667

	31
	20
	6
	51
	2400
	4
	1.041666667


The following figure shows the link level performance of total 16 MCS levels in AWGN channel.
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5. SU-MIMO results for calibration
Table 4 is used for the downlink SU-MIMO calibration work.
Table 4 Evaluation Parameters for Single User MIMO Calibration

	Parameters
	Value

	Duplex
	FDD

	Bandwidth
	DL:10MHz

	Number of cells
	57 cells

	Scheduler
	PF

User selection happens for every resource allocation

	Transmission scheme
	SU-MIMO, Codebook based

	Antenna configuration
	4x2

a. For BS side

Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)

b. For MS side

Vertical polarized and 0.5 wavelength separation

	Receiver Type
	MMSE

	HARQ
	DL: CC, Max 4 retransmission

	Link adaptation and feedback
	CQI measurement : perfect

CQI feedback delay : 5ms

No feedback transmission error

Every MS reports to BS information which includes CQI, PMI of subbands. One subband represents four contiguous PRUs. Since there are total 48 PRUs in 10MHz BW, total 12 subbands exists.

	Channel estimation
	Ideal

	Control overhead
	Approximately 28.6% DL control overhead is assumed.


Table 5 and Table 6 show the system level simulation results for cell (sector) spectral efficiency and cell-edge user spectral efficiency. Various results from different sources show similar values both for cell and edge-edge user spectral efficiency. As shown in Tables 5 and 6, the differences from the various sources are well within tolerable levels for system level simulation studies.
Table 5 Downlink cell spectral efficiency comparison
	Contributor
	Source 6
	Source 9
	Source 1
	Source 7
	Source 3
	Average

	Sector S.E in UMi
	1.97
	1.96
	2.0
	1.82
	2.06
	1.96


Table 6. Downlink cell-edge user spectral efficiency comparison

	Contributor
	Source 6
	Source 9
	Source 1
	Source 7
	Source 3
	Average

	Edge S.E in UMi
	0.0827
	0.0814
	0.062
	0.058
	0.078
	0.0724


6. Conclusion

Based on the detailed information provided in this contribution, the system level simulator calibration results for the purpose of self-evaluation of IEEE 802.16m were shown to be well aligned across all contributing sources. 
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