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1
Introduction
In this document, we compare the system performance of multi-codeword OFDM-MIMO against the corresponding OFDM-SIMO. To benchmark the performance gains, HSDPA SIMO results [1] with rake receiver are also included. 2x2, 4x2 and 4x4 antenna configurations are considered for MIMO simulations and 1x2 and 1x4 are considered for receive diversity SIMO simulations. In this comparison, channel estimation losses are not modelled to compare against the previous HSDPA results. For deployment scenario D1, an additional simulation is run with channel estimation errors modelled for reference purposes.
Selective-Virtual Antenna Permutation (S-VAP) technique, described in [2], and compared against other single-codeword and multi-codeword MIMO techniques in [3], is considered for MIMO simulations. This document considers many more antenna configurations, MICRO cell deployments (in addition to MACRO deployments) and rate prediction backoff adjusted with an outer-loop to maintain less than 10% BLER on first transmission. Only a single UE is scheduled on a time-frequency allocation (no SDMA). A fixed DFT matrix is used as a precoding matrix. On the UE side, a MMSE-SIC receiver is used and a single 3 bit Offset is reported (in addition to CQI) to signal the effective SINR difference between the consecutive layers.
2
System Performance
2.1
Simulation Assumptions

The simulation assumptions are in line with [4]. The main simulation assumptions are summarized in the following tables:

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites wraparound for Macro Cases
19 Node-B, single omni cell site for Micro Cases

	Number of UEs per cell
	10 UE / cell site

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio for Macro
0dBi omni for Micro 

	Antenna Gain
	14 dB (Macro)

6 dB (Micro)

	Power allocated to data transmission
	100 % of total cell power

	HARQ scheme
	IR

	Number of retransmissions
	3

	Number of HARQ interlaces
	6

	BS total Tx power
	46 dBm for Macro deployments
38 dBm for Micro deployments

	TTI length
	0.5 ms

	Bandwidth
	10 MHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied subcarriers
	600

	Number of overhead OFDM symbols per TTI
	2

	Number of OFDM symbols per TTI
	7

	Number of subbands
	1

	Antennas Configurations
	1x2, 1x4: SIMO

2x2, 4x2, 4x4: SU-MIMO

	Specific fast fading model
	Macro Cases: Urban Macro SCM specified modelling [5] with TU delay profile (Appendix A) 
Micro Cases: Urban Micro SCM specified modelling for MICRO cases

Propagation model is specified in Table 3

	Inter-cell interference modelling
	Serving cell and the three strongest interfering cells have all multipaths modelled. Remaining cells are modelled as single path Rayleigh fading

	Link to system interface
	20 AWGN curves used along with the corresponding payload adjustment; Constrained Capacity ESNR method to calculate supportable data rate and PER [6]

	MCS feedback delay
	3 TTIs

	MCS feedback period
	1.5ms

	MCS selection
	<=10% of the raw BLER + Backoff (adjusted with an outer-loop as specified in Appendix)

	Scheduling algorithm
	Proportional Fair, modified exponent = 1.4

	Warmup Duration [s]
	1.5

	Simulation Duration [s] (over 57 cells)
	10


Table 1

Simulation Assumptions

The channel delay and power profiles are fixed for each specific channel model as given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile

The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R[km])

	D2
	2 GHz
	500
	10
	30
	L = 128.1 + 37.6 Log10(R[km])

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R[km])

	D4
	0.9 GHz
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R[km])

	Outdoor-to-Indoor

(MICRO)
	2 GHz
	130
	0
	3
	L = 7 + 56 (Log10(R[m])

	Outdoor-to-Outdoor

(MICRO)
	2 GHz
	130
	0
	30
	L = 39 + 20Log10(R)

; 10m< R< 45m

  = -39 + 67Log10(R)

; R> 45m


Table 3

Deployment Scenarios
The remaining assumptions pertaining to the modelling details are specified in Appendix A.
2.2
Results
The Table 4 and Table 5 summarize throughput gains of SU OFDM-MIMO schemes under different deployment scenarios and under proportional fair scheduling. For MACRO deployments, HSDPA SIMO results are also given for reference.
	Cases
	 
	SIMO-HSDPA (1x2)
	SIMO-OFDM (1x2)
	S-VAP with SIC (2x2)
	S-VAP with SIC (4x2)
	SIMO (1x4)
	S-VAP with SIC (4x4)

	D1
	Throughput [bits/s/Hz]
	0.988
	1.52
	1.7
	1.83
	2.01
	3.1

	
	
	 
	1.48*
	1.64*
	1.78*
	1.97*
	2.9* 

	
	Gain over OFDM-SIMO (%)
	 
	0
	12
	20
	0
	57

	
	5% Throughput [bits/s/Hz]
	 
	0.033
	0.034
	0.035
	0.064
	0.062

	
	1st Subpacket Error Rate (%)
	 
	8.6
	8.1
	7.9
	6.4
	7

	D2
	Throughput [bits/s/Hz]
	0.664
	1.51
	1.72
	1.83
	2.05
	3.15

	
	Gain over OFDM-SIMO (%)
	 
	0
	14
	21
	0
	54

	
	5% Throughput [bits/s/Hz]
	 
	0.035
	0.034
	0.038
	0.064
	0.063

	
	1st Subpacket Error Rate (%)
	 
	8.8
	7.8
	7.8
	6.7
	7

	D3
	Throughput [bits/s/Hz]
	0.922
	1.49
	1.68
	1.8
	1.95
	3.0

	
	Gain over OFDM-SIMO (%)
	 
	0
	13
	21
	0
	59

	
	5% Throughput [bits/s/Hz]
	 
	0.031
	0.032
	0.034
	0.051
	0.052

	
	1st Subpacket Error Rate (%)
	 
	8.6
	8
	7.8
	6.7
	6.8

	D4
	Throughput [bits/s/Hz]
	0.938
	1.46
	1.64
	1.88
	1.91
	2.7

	
	Gain over OFDM-SIMO (%)
	 
	0
	12
	29
	0
	41

	
	5% Throughput [bits/s/Hz]
	 
	0.031
	0.031
	0.036
	0.050
	0.068

	
	1st Subpacket Error Rate (%)
	 
	8.6
	8.3
	8.2
	7
	7.2


 Table 4: Summary of cell throughput in different MACRO deployments
	Cases
	 
	SIMO-OFDM (1x2)
	S-VAP with SIC (2x2)
	S-VAP with SIC (4x2)
	SIMO (1x4)
	S-VAP with SIC (4x4)

	 
	 
	 
	 
	 
	 
	 

	Micro Cell (Outdoor-to-Indoor)
	Throughput [bits/s/Hz]
	2.32
	3.5
	3.66
	2.68
	6.43

	
	Gain over OFDM SIMO (%)
	0
	51
	58
	0
	140

	
	5% Throughput [bits/s/Hz]
	0.074
	0.060
	0.066
	0.169
	0.109

	
	1st Subpacket Error Rate (%)
	5.3
	7.3
	6.4
	1.6
	7.6

	 
	 
	 
	 
	 
	 
	 

	Micro Cell (Outdoor-to-Outoor)
	Throughput [bits/s/Hz]
	2.46
	3.64
	3.77
	2.81
	6.7 

	
	Gain over OFDM SIMO (%)
	0
	48
	53
	0
	138 

	
	5% Throughput [bits/s/Hz]
	0.086
	0.069
	0.072
	0.211
	0.141 

	
	1st Subpacket Error Rate (%)
	4.8
	8.24
	7.7
	0.67
	 8.44


Table 5: Summary of cell throughput in different MICRO deployments
Figure 1 – Figure 6 show the fairness curves and geometry vs throughput observed under different deployment scenarios and under SCM channel modelling. 
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Figure 1: Fairness Curves for MACRO deployment scenario D1
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Figure 2: Fairness Curves for MACRO deployment scenario D2
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Figure 3: Fairness Curves for MACRO deployment scenario D3
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Figure 4: Fairness Curves for MACRO deployment scenario D4
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Figure 5: Fairness Curves for MICRO Outdoor-to-Indoor Deployment Scenario
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Figure 6: Fairness Curves for MICRO Outdoor-to-Indoor Deployment Scenario
3
Observations and Explanations

The following mains observations can be drawn from the results presented:

· Single User OFDM-MIMO (with S-VAP) gives approximately 20% throughput gain (with 4x2 antenna configuration) over OFDM-SIMO case (1x2 antenna configuration) while achieving similar 5% edge throughput.
· The significant gains due to 4x4 OFDM-MIMO over 1x4 OFDM-SIMO are further increased because of packet format limitation observed in case of SIMO at high geometries.
· In MICRO cases, there are many UEs at very high geometries, which do not observe increased throughput in 1x4 SIMO case. However, the fairness is greatly improved for low geometry UEs which observe most of the gains by increasing the number of receive antennas.
4
Summary
In this document, we presented the system performance of SU OFDM-MIMO and compared it against the OFDM-SIMO and HSDPA-SIMO cases. The comparison for adoption is proposed in Section 5.
A
Appendix I
A.1
Packet Formats


The packet formats used are given by modulation and code rates specified in Table 5. The number of subcarriers allocated per OFDM Symbol corresponds to a resource block of 25 and product thereof (as a power of 2).
	Modulation
	Code Rate

	QPSK
	1/8

	QPSK
	1/6

	QPSK
	¼

	QPSK
	1/3

	QPSK
	½

	QPSK
	3/5

	QPSK
	2/3

	QPSK
	¾

	QPSK
	4/5

	16QAM
	½

	16QAM
	2/3

	16QAM
	¾

	16QAM
	4/5

	64QAM
	2/5

	64QAM
	½

	64QAM
	3/5

	64QAM
	2/3

	64QAM
	17/24

	64QAM
	¾

	64QAM
	4/5


Table 6:
Modulation and Code Rates

The retransmissions are assumed to have the same modulation order and code rate and are synchronous (after 6 HARQ interlaces). The resulting curves are IR curves with reduced code rates.
A.2
CQICH and Antenna Selection
In MIMO cases, AWGN constrained (64 QAM) capacity is computed for each combination of (virtual) antennas selected. EESNR approach with different beta values for each packet format is not used due to its prohibitive complexity with antenna selection. The power scaling ensures that the total transmitted power from selected antennas corresponds to the maximum node B transmit power. Each selected (virtual) antenna transmits with same power. Appropriate cross-layer interference and cancellation is used for computation of MMSE SINR. 
The sum capacity over all tones (with antenna permutation over selected antennas in case of SCW and S-VAP) is computed for each combination of selected antennas. A gap to capacity of 1.5 dB, channel estimation backoff and CQI backoff of 0.5 dB is applied to each layer before the capacities for different combination of selected antennas are compared. The gap to capacity of 1.5 dB is not included in the reported CQICH.
A.3
Rate Prediction Thresholds
The rate prediction thresholds corresponds to 10% BLER points given by AWGN curves for each packet format. The prediction thresholds are modified using an outer-loop that tries to maintain second transmission (due to error on any layer) probability to be less than 10%.
A.4
Spatial Channel Modelling
For MACRO cell deployments, a modified spatial channel modelling is used, where the path delays and path profiles are same as Typical Urban (TU) channel model (Table 2) and propagation model is same as specified in [1] (Table 3). All other parameters are as specified under Urban Macro deployment in [5] with the following options selected:
	Channel Scenario
	Urban Macro

	Mean AS at the BS
	8 degree

	Sub-path AoD offsets
	2 deg AS

	Node-B Antenna Separation [m]
	1.5

	UE Antenna Separation [m]
	0.075


Table 8: Spatial Channel Models optional parameters
Antenna separation at Node-B is 10λ and at UE is 0.5λ corresponding to 2GHz band. However, the antenna separations in metres are retained for deployment scenario D4 which leads to highly correlated channels across two antennas.
For MICRO cell deployments, SCM as specified under Urban Micro deployment scenario is used.
A.5
Proportional Fair Scheduling
The Proportional Fair metric used is given by (Spectral Efficiency corresponding to reported CQI)α/FilteredThroughput. In case of S-PARC and S-VAP, the spectral efficiency corresponds to the sum of spectral efficiencies on each layer.
4
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5
Text Proposal
8.1.2.2
Evaluation for OFDMA based evolved UTRA DL

The initial evaluation results presented in Tables 8.1.2.2-1, 8.1.2.2-2 and 8.1.2.2-3 are based on full buffer traffic models and proportional fair scheduler. It is assumed that the scheduler is able to independently allocate individual sub-bands to different UEs at the same time. Further, it is assumed that the UE reports full CQI for all downlink sub-bands.

The downlink overhead for OFDM results in Tables 8.1.2.2-1, 8.1.2.2-2 and 8.1.2.2-3 is assumed to be 25%, 29% and 20% respectively.

Table 8.1.2.2-1: Full buffer – Set 1 – 10 users per sector

	Case
	Speed

[km/h]
	Reference

WCDMA

Type I
[b/s/Hz]
	OFDM 2 ms TTI
1125 KHz sub-bands
[b/s/Hz]
	OFDM 0.5 ms TTI
1125 KHz sub-bands

[b/s/Hz]
	% w.r.t Reference

	1
	3
	0.988
	1.616
	1.560
	+ 64% (2.0 ms)

+ 58% (0.5 ms)

	2
	30
	0.664
	1.070
	1.260
	+ 61% (2.0 ms)

+ 90% (0.5 ms)

	3
	3
	0.922
	1.526
	-
	+ 66%

	4
	3
	0.938
	1.590
	-
	+ 70%


Table 8.1.2.2-2: Full buffer – Set 2 – 10 users per sector

	Case
	Speed

[km/h]
	Reference

WCDMA

Type I
[b/s/Hz]
	OFDM 0.5 ms TTI

375 KHz sub-bands

[b/s/Hz]
	% w.r.t Reference

	1
	3
	0.988
	1.840
	+ 86%

	2
	30
	0.664
	1.510
	+ 127% 

	3
	3
	0.922
	1.620
	+ 76%


Table 8.1.2.2 -3: Full buffer – Set 3 – 10 users per sector

	Case
	Speed

(kph)
	Reference

WCDMA

Type I
(bps/Hz)
	OFDM 0.5 ms TTI

563 KHz sub-bands

(bps/Hz)
	% w.r.t Reference

	1
	3
	0.988
	1.782
	+ 80%


8.1.1.2.2.1 
Evaluation for MIMO OFDMA based evolved UTRA DL

This section summarizes the spectral efficiency of OFDMA based UTRA DL with different Tx/Rx antenna configurations. Multi-codeword Spatial-Virtual Antenna Permutation (S-VAP) MIMO scheme with MMSE-SIC receiver is used to quantify the gains. The MACRO deployment scenarios in Table A.2.1.1-1 and MICRO deployment scenarios in Table A.2.1.1-2 are used. The results are obtained with full buffer traffic and proportional fair scheduler. A single sub-band is assumed for the 10 MHz system bandwidth, the TTI is fixed and set to 0.5 ms. The results further assume a DL overhead of 29%. In MACRO deployment cases, SCM channel model specified in [7] is used with TU delay profile. In MICRO deployment cases, Urban Micro SCM channel model is used as specified in [7].
Table 8.1.1.2.2-x presents the results in terms of bps/Hz for all cases.
Table 8.1.2.2-x: Full buffer – 10 users per sector

	Case
	Reference WCDMA Type I (bps/Hz)
	OFDM SIMO     1x2 (bps/Hz)
	OFDM 
S-VAP SIC 2x2
(bps/Hz)
	OFDM 
S-VAP SIC 4x2
(bps/Hz)
	OFDM SIMO     1x4 (bps/Hz)
	OFDM 
S-VAP SIC 4x4
(bps/Hz)

	1
	0.988
	1.52
	1.7
	1.83
	2.01
	3.1

	2
	0.664
	1.51
	1.7
	1.83
	2.05
	3.1

	3
	0.922
	1.49
	1.68
	1.8
	1.95
	3.0

	4
	0.938
	1.46
	1.64
	1.88
	1.91
	2.7

	Outdoor-to-Indoor
	
	2.32
	3.5
	3.66
	2.68
	6.43

	Outdoor-to-Outdoor
	
	2.46
	3.64
	3.77
	2.81
	6.7 
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