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Introduction

This contribution evaluates the downlink performance as part of the LTE performance verification described in R1-070674. We have provided results for simulation case 1, case 2, and case 3 for different antenna systems and reuse schemes.
Evaluated Antenna Systems

For all evaluated antenna systems, the total transmit power is kept constant. All single stream receiver algorithms use maximum ratio combining (MRC). SINR feedback is obtained with a 2 TTI delay and with a granularity of 2 PRBs = 24 subcarriers. Other feedback signaling values have the same granularity and delay until explicitly stated otherwise. The UE is equipped with 2 antennas with λ/2 spacing.

1x2 Single Tx

Single antenna transmission with MRC at the receiver is used.

2x2 Antenna Selection

Each UE feeds back the index of the best TX antenna for the whole bandwidth, i.e. the TX antenna which gives the highest RX pilot power due to fading conditions. For every transmission, only the best TX antenna is used.

2x2 Closed-loop TX Diversity

This algorithm is used for 2 TX antenna elements. The first antenna is unweighted, the second antenna uses a phase shift of 4 different values in (/2 resolution. Using the unweighted pilots, the UE tests the different weights and chooses the one which yields the highest signal power. The proper phase index is signaled by the UE (2 bits per two PRBs). The phase index is used for transmissions to the UE until a new index is signaled. 

2x2 PARC plus TX Diversity (SU-MIMO)

Spatial multiplexing is performed: Each antenna transmits a different data stream, using independent modulation and coding schemes (MCS) per stream. SINR feedback is given separately per data stream, allowing adaptation of MCS per antenna. A linear MMSE receiver is used for spatial equalization.

However, dual stream transmission requires good, diverse channel conditions. Mobiles with worse channel conditions are served with a single stream transmission using Closed Loop TX Diversity. For every transmission the scheduler decides which algorithm shall be applied. In order to perform this task, four feedback values are required, namely for the potential first and second stream, and for a potential single stream (SNIR plus antenna weight index). The switching decision is based on the whole bandwidth.

2x2 Fixed Beams

Steering vectors are used to shape several beams in one 120° sector. The beam directions are chosen to give equal spacing in cosine space, resulting in equal crossing levels for all beams. For 2 antennas 4 beams are formed. The UE feeds back one best beam index for the whole band per TTI by testing the different weighting factors for the unweighted pilots.  Per resource block one UE is addressed using its best beam weights.

4x2 Fixed Beams

The same is valid as for 2x2 Fixed Beams except that 8 beams are formed per 120° sector, as described in [1].
4x2 Multi User Fixed Beams

4 antennas are used with 8 beams. Space Division Multiple Access (SDMA) is done in the following way: Up to 3 beams per PRB are used simultaneously, thus serving up to 3 different UEs with independent data streams. UEs addressed by the same PRB have to be separated by at least two beams in order to obtain a good separation of the data streams using the same PRB and consequently, in order to limit the intra-cell interference. The UE feeds back one best beam index for the whole band per TTI by testing the different weighting factors for the unweighted pilots.
Scheduler

LTE Score Based Proportional Fair Scheduler

Frequency selective scheduling is done in a proportional fair way using a score based approach [2]. Via uplink feedback signaling the available SINR feedback per UE (one 5 bit feedback value per two PRBs) is used to obtain one SINR value per PRB. These SINR values are mapped to estimated data rates.
Per TTI each UE orders its estimated rate values. The best resource gets score 0, the second best gets 1, the third best 2 and so on. The reference [2] describes this solution for a TDMA system. In the Alcatel-Lucent investigations the time window for TDMA in [2] is exchanged by the set of available frequency domain resources for OFDMA. 

For each resource block the user with the best score is assigned, in case of several UE competing for the same resource.

This score based approach is proportional fair in the sense that each user on average gets the same number of resources, as the score contains only relative SINR and rate information, skipping path loss and shadowing. 

For SDMA by multi user fixed beams this approach has to be extended. Here also the user with the lowest score is assigned first to a certain resource on its best beam. Now additional users can be served if they are spatially separable, here meaning that their best beams are different and non-neighbored (or second neighbors) to the already assigned users best beams. 

LTE Round Robin Scheduler (RR)
For the round robin scheduler, all mobiles are served in cyclic order. The round robin scheduler does not take into account the current channel condition.  For a transmission, the scheduler assigns all PRBs to the next UE as long as the maximum code block size of 6114 bits is not exceeded. If, after this assignment, there are still free PRBs, they are assigned to the next mobile in the scheduling list. In case of round robin, the HARQ is non adaptive.
Reuse Schemes
Results for five different reuse schemes are shown.
In Reuse 1, all PRBs are used with full power.

In Reuse 3, 1/3 of all PRBs are used with full power, the other 2/3 of all PRBs are not used.

In Soft Reuse 3, 1/3 of all PRBs are used with full power, the residual PRBs are reduced in power by 10 dB compared to the full power PRBs.

In Reuse 7/6 only 6/7 of all PRBs are used, the residual 1/7 of all PRBs is switched off.

In Soft Reuse 7/6, 6/7 of all PRBs are used with full power, the residual 1/7 off all PRBs are reduced in power by 10 dB compared to the full power PRBs.
The switched off or reduced resources are not distributed but placed in one consecutive block of six PRBs ind case of 7/6 reuse.
For all cases the total power for all resources is set to 46dBm. According to the reuse scheme pilots of unused resources are switched off, while pilots of reduced resources are also reduced.
Simulation Assumptions

The simulation assumptions are in line with the requirements defined in R1-070674 [4], TS 36.211 [5] and TR 25.841 [6]. A Monte Carlo based simulator with event driven drops of 100ms duration has been used. The simulation assumptions for Rel 6 and LTE are listed in the Annex.
Results
For case 1 (500m inter-site distance, 3km/h, indoor), case 2 (500m inter-site distance, 3km/h, in-car) and case 3 (1732m inter-site distance, 3km/h, indoor), 7 different antenna algorithms have been investigated for 5 different reuse schemes.
The following antenna algorithms have been investigated (until otherwise stated with proportional fair scheduler):

· 1x2 Single Antenna Transmission with TX Diversity and Round Robin Scheduler

· 1x2 Single Antenna Transmission with TX Diversity

· 2 x 2 Antenna Selection
· 2x2 Closed Loop TX Diversity

· 2x2 PARC / TX Diversity (SU-MIMO)

· 2x2 Fixed Beams

· 4x2 Fixed Beams

· 4x2 Multi User SDMA
The following reuse schemes have been investigated:

· Reuse 1

· Reuse 3

· Soft Reuse 3

· Reuse 7/6

· Soft Reuse 7/6

In total 3 x 8 x 5 = 120 simulation results are presented.

Spectral efficiencies up to 2.5 bit/s/Hz are expected for 4x2 MU SDMA. In case of 2x2 antenna algorithms, Fixed Beams and PARC / Closed Loop TX Diversity show the best performance. In simulation case 1 a spectral efficiency of 1.85 is reached. However, 2x2 Fixed Beams have a higher cell border throughput.

In case of the simulated slow velocity, the used proportional fair scheduler takes benefit from the fast fading channel. With this scheduler a reuse scheme did not bring a benefit for the considered setting and the assumed CQI feedback rate. Furthermore, CQI averaging was not used yet. Further investigations into that, especially for high velocities, are necessary.

Additionally, only 10 UE per sector cases (low user density) have been simulated. In case of higher user density, cell distributed restrictions can be exploited better, because in this case UEs are more uniformly distributed. It should also be noted, that other services as GBR (e.g. VoIP) require other scheduling. Also for these cases the results will look different.
Consequently, with the assumptions above, reuse 1 shows the highest performance in terms of spectral efficiency while keeping a high cell border throughput.
Peak Data Rates

Table 1 shows the peak data rates for the different investigated antenna technologies. For the calculation 64QAM and code rate 0.9 has been assumed. Pilot overhead corresponds to [5]. The first three OFDM symbols per TTI serve for signaling.
Table 1: Peak data rates for the different antenna technologies for bandwith 10MHz (corresponding to simulation case 1, 2, and 3) and for 20 MHz
	TX x RX Antennas
	Technology
	Peak Rate [Mbits/s] for 10 MHz 
	Peak Rate [Mbits/s] for 20 MHz 

	1x2
	Baseline
	34.0
	68.0

	2x2
	PARC
	64.8
	129.6

	2x2
	Antenna Selection
	32.4
	64.8

	2x2
	Beamforming
	32.4
	64.8

	2x2
	Tx Diversity
	32.4
	64.8

	2x2
	PARC/Tx Diversity
	64.8
	129.6

	4x2
	Beamforming
	31.3
	62.6

	4x2
	Beamforming/MIMO
	62.6
	125.2


Result Tables
All results are compared to a Rel 6 DL with receiver type 1 (Rake plus RX diversity). For this case, no 64QAM and no additional enhancement technologies are used.
Table 2: Simulation case 1, calibration
	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	2.0 Mbps

0.39 bps/Hz/sector

(x1.0)
	0.20 Mbps

0.039 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 1
	11.5 Mbps

1.15 bps/Hz/sector

(x2.9)
	1.15 Mbps

0.115 bps/Hz/user

(x2.9)
	0.232 Mbps

0.0232 bps/Hz/user

(x2.9)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 1
	16.3 Mbps

1.63 bps/Hz/sector

(x4.2)
	1.63 Mbps

0.163 bps/Hz/user

(x4.2)
	0.396 Mbps

0.0396 bps/Hz/user

(x5.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 3
	8.5 Mbps

0.85 bps/Hz/sector

(x2.2)
	0.85 Mbps

0.085 bps/Hz/user

(x2.2)
	0.278 Mbps

0.0278 bps/Hz/user

(x3.5)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 3
	9.4 Mbps

0.94 bps/Hz/sector

(x2.4)
	0.94 Mbps

0.094 bps/Hz/user

(x2.4)
	0.385 Mbps

0.0385 bps/Hz/user

(x4.8)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 3
	8.2 Mbps

0.82 bps/Hz/sector

(x2.1)
	0.82 Mbps

0.082 bps/Hz/user

(x2.1)
	0.239 Mbps

0.0239 bps/Hz/user

(x3.0)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 3
	12.5 Mbps

1.25 bps/Hz/sector

(x3.2)
	1.25 Mbps

0.125 bps/Hz/user

(x3.2)
	0.321 Mbps

0.0321 bps/Hz/user

(x4.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 7/6
	10.5 Mbps

1.05 bps/Hz/sector

(x2.7)
	1.05 Mbps

0.105 bps/Hz/user

(x2.7)
	0.226 Mbps

0.0226 bps/Hz/user

(x2.8)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 7/6
	15.5 Mbps

1.55 bps/Hz/sector

(x4.0)
	1.55 Mbps

0.155 bps/Hz/user

(x4.0)
	0.433 Mbps

0.0433 bps/Hz/user

(x5.4)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 7/6
	10.4 Mbps

1.04 bps/Hz/sector

(x2.7)
	1.04 Mbps

0.104 bps/Hz/user

(x2.7)
	0.225 Mbps

0.0225 bps/Hz/user

(x2.8)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 7/6
	14.8 Mbps

1.48 bps/Hz/sector

(x3.8)
	1.48 Mbps

0.148 bps/Hz/user

(x3.8)
	0.396 Mbps

0.0396 bps/Hz/user

(x4.9)


Table 3: Simulation case 1, baseline

	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	2.0 Mbps

0.39 bps/Hz/sector

(x1.0)
	0.20 Mbps

0.039 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 1
	15.9 Mbps

1.59 bps/Hz/sector

(x4.1)
	1.59 Mbps

0.159 bps/Hz/user

(x4.1)
	0.473 Mbps

0.0473 bps/Hz/user

(x5.9)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 1
	18.3 Mbps

1.83 bps/Hz/sector

(x4.7)
	1.83 Mbps

0.183 bps/Hz/user

(x4.7)
	0.504 Mbps

0.0504 bps/Hz/user

(x6.3)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 1
	16.7 Mbps

1.67 bps/Hz/sector

(x4.3)
	1.67 Mbps

0.167 bps/Hz/user

(x4.3)
	0.488 Mbps

0.0488 bps/Hz/user

(x6.1)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 3
	9.2 Mbps

0.92 bps/Hz/sector

(x2.4)
	0.92 Mbps

0.092 bps/Hz/user

(x2.4)
	0.417 Mbps

0.0417 bps/Hz/user

(x5.2)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 3
	13.2 Mbps

1.32 bps/Hz/sector

(x3.4)
	1.32 Mbps

0.132 bps/Hz/user

(x3.4)
	0.421 Mbps

0.0421 bps/Hz/user

(x5.3)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 3
	9.4 Mbps

0.94 bps/Hz/sector

(x2.4)
	0.94 Mbps

0.094 bps/Hz/user

(x2.4)
	0.427 Mbps

0.0427 bps/Hz/user

(x5.3)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 3
	11.8 Mbps

1.18 bps/Hz/sector

(x3.0)
	1.18 Mbps

0.118 bps/Hz/user

(x3.0)
	0.331 Mbps

0.0331 bps/Hz/user

(x4.1)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 3
	13.2 Mbps

1.32 bps/Hz/sector

(x3.4)
	1.32 Mbps

0.132 bps/Hz/user

(x3.4)
	0.360 Mbps

0.0360 bps/Hz/user

(x4.5)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 3
	12.4 Mbps

1.24 bps/Hz/sector

(x3.2)
	1.24 Mbps

0.124 bps/Hz/user

(x3.2)
	0.353 Mbps

0.0353 bps/Hz/user

(x4.4)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 7/6
	15.5 Mbps

1.55 bps/Hz/sector

(x4.0)
	1.55 Mbps

0.155 bps/Hz/user

(x4.0)
	0.495 Mbps

0.0495 bps/Hz/user

(x6.2)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 7/6
	18.1 Mbps

1.81 bps/Hz/sector

(x4.6)
	1.81 Mbps

0.181 bps/Hz/user

(x4.6)
	0.527 Mbps

0.0527 bps/Hz/user

(x6.6)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 7/6
	16.1 Mbps

1.61 bps/Hz/sector

(x4.1)
	1.61 Mbps

0.161 bps/Hz/user

(x4.1)
	0.508 Mbps

0.0508 bps/Hz/user

(x6.4)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 7/6
	14.6 Mbps

1.46 bps/Hz/sector

(x3.7)
	1.46 Mbps

0.146 bps/Hz/user

(x3.7)
	0.455 Mbps

0.0455 bps/Hz/user

(x5.7)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 7/6
	16.9 Mbps

1.69 bps/Hz/sector

(x4.3)
	1.69 Mbps

0.169 bps/Hz/user

(x4.3)
	0.497 Mbps

0.0497 bps/Hz/user

(x6.2)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 7/6
	15.3 Mbps

1.53 bps/Hz/sector

(x3.9)
	1.53 Mbps

0.153 bps/Hz/user

(x3.9)
	0.504 Mbps

0.0504 bps/Hz/user

(x6.3)


Table 4: Simulation case 1: specific technique

	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	2.0 Mbps

0.39 bps/Hz/sector

(x1.0)
	0.20 Mbps

0.039 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 1
	18.5 Mbps

1.85 bps/Hz/sector

(x4.7)
	1.85 Mbps

0.185 bps/Hz/user

(x4.7)
	0.557 Mbps

0.0557 bps/Hz/user

(x7.0)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 1
	20.5 Mbps

2.05 bps/Hz/sector

(x5.2)
	2.05 Mbps

0.205 bps/Hz/user

(x5.2)
	0.689 Mbps

0.0689 bps/Hz/user

(x8.6)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 1
	25.0 Mbps

2.50 bps/Hz/sector

(x6.4)
	2.50 Mbps

0.250 bps/Hz/user

(x6.4)
	0.655 Mbps

0.0655 bps/Hz/user

(x8.2)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 3
	9.6 Mbps

0.96 bps/Hz/sector

(x2.5)
	0.96 Mbps

0.096 bps/Hz/user

(x2.5)
	0.451 Mbps

0.0451 bps/Hz/user

(x5.6)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 3
	9.6 Mbps

0.96 bps/Hz/sector

(x2.5)
	0.96 Mbps

0.096 bps/Hz/user

(x2.5)
	0.528 Mbps

0.0528 bps/Hz/user

(x6.6)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 3
	13.4 Mbps

1.34 bps/Hz/sector

(x3.4)
	1.34 Mbps

0.134 bps/Hz/user

(x3.4)
	0.465 Mbps

0.0465 bps/Hz/user

(x5.8)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 3
	14.4 Mbps

1.44 bps/Hz/sector

(x3.7)
	1.44 Mbps

0.144 bps/Hz/user

(x3.7)
	0.372 Mbps

0.0372 bps/Hz/user

(x4.6)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 3
	16.5 Mbps

1.65 bps/Hz/sector

(x4.2)
	1.65 Mbps

0.165 bps/Hz/user

(x4.2)
	0.464 Mbps

0.0464 bps/Hz/user

(x5.8)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 3
	18.8 Mbps

1.88 bps/Hz/sector

(x4.8)
	1.88 Mbps

0.188 bps/Hz/user

(x4.8)
	0.458 Mbps

0.0458 bps/Hz/user

(x5.7)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 7/6
	17.6 Mbps

1.76 bps/Hz/sector

(x4.5)
	1.76 Mbps

0.176 bps/Hz/user

(x4.5)
	0.589 Mbps

0.0589 bps/Hz/user

(x7.4)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 7/6
	19.0 Mbps

1.90 bps/Hz/sector

(x4.9)
	1.90 Mbps

0.190 bps/Hz/user

(x4.9)
	0.702 Mbps

0.0702 bps/Hz/user

(x8.8)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 7/6
	22.9 Mbps

2.29 bps/Hz/sector

(x5.9)
	2.29 Mbps

0.229 bps/Hz/user

(x5.9)
	0.662 Mbps

0.0662 bps/Hz/user

(x8.3)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 7/6
	17.3 Mbps

1.73 bps/Hz/sector

(x4.4)
	1.73 Mbps

0.173 bps/Hz/user

(x4.4)
	0.525 Mbps

0.0525 bps/Hz/user

(x6.6)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 7/6
	19.2 Mbps

1.92 bps/Hz/sector

(x4.9)
	1.92 Mbps

0.192 bps/Hz/user

(x4.9)
	0.643 Mbps

0.0643 bps/Hz/user

(x8.0)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 7/6
	22.8 Mbps

2.28 bps/Hz/sector

(x5.8)
	2.28 Mbps

0.228 bps/Hz/user

(x5.8)
	0.609 Mbps

0.0609 bps/Hz/user

(x7.6)


Table 5: Simulation case 2, calibration

	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 1
	11.1 Mbps

1.11 bps/Hz/sector

(x2.9)
	1.11 Mbps

0.111 bps/Hz/user

(x2.9)
	0.222 Mbps

0.0222 bps/Hz/user

(x2.8)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 1
	12.4 Mbps

1.24 bps/Hz/sector

(x3.3)
	1.24 Mbps

0.124 bps/Hz/user

(x3.3)
	0.321 Mbps

0.0321 bps/Hz/user

(x4.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 3
	8.5 Mbps

0.85 bps/Hz/sector

(x2.2)
	0.85 Mbps

0.085 bps/Hz/user

(x2.2)
	0.302 Mbps

0.0302 bps/Hz/user

(x3.8)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 3
	8.6 Mbps

0.86 bps/Hz/sector

(x2.3)
	0.86 Mbps

0.086 bps/Hz/user

(x2.3)
	0.357 Mbps

0.0357 bps/Hz/user

(x4.5)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 3
	8.0 Mbps

0.80 bps/Hz/sector

(x2.1)
	0.80 Mbps

0.080 bps/Hz/user

(x2.1)
	0.223 Mbps

0.0223 bps/Hz/user

(x2.8)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 3
	9.6 Mbps

0.96 bps/Hz/sector

(x2.5)
	0.96 Mbps

0.096 bps/Hz/user

(x2.5)
	0.254 Mbps

0.0254 bps/Hz/user

(x3.2)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 7/6
	10.4 Mbps

1.04 bps/Hz/sector

(x2.7)
	1.04 Mbps

0.104 bps/Hz/user

(x2.7)
	0.246 Mbps

0.0246 bps/Hz/user

(x3.1)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 7/6
	12.5 Mbps

1.25 bps/Hz/sector

(x3.3)
	1.25 Mbps

0.125 bps/Hz/user

(x3.3)
	0.359 Mbps

0.0359 bps/Hz/user

(x4.5)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 7/6
	10.2 Mbps

1.02 bps/Hz/sector

(x2.7)
	1.02 Mbps

0.102 bps/Hz/user

(x2.7)
	0.237 Mbps

0.0237 bps/Hz/user

(x3.0)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 7/6
	11.7 Mbps

1.17 bps/Hz/sector

(x3.1)
	1.17 Mbps

0.117 bps/Hz/user

(x3.1)
	0.320 Mbps

0.0320 bps/Hz/user

(x4.0)


Table 6: Simulation case 2, baseline

	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 1
	12.6 Mbps

1.26 bps/Hz/sector

(x3.3)
	1.26 Mbps

0.126 bps/Hz/user

(x3.3)
	0.346 Mbps

0.0346 bps/Hz/user

(x4.3)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 1
	13.7 Mbps

1.37 bps/Hz/sector

(x3.6)
	1.37 Mbps

0.137 bps/Hz/user

(x3.6)
	0.368 Mbps

0.0368 bps/Hz/user

(x4.6)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 1
	13.2 Mbps

1.32 bps/Hz/sector

(x3.5)
	1.32 Mbps

0.132 bps/Hz/user

(x3.5)
	0.377 Mbps

0.0377 bps/Hz/user

(x4.7)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 3
	8.6 Mbps

0.86 bps/Hz/sector

(x2.3)
	0.86 Mbps

0.086 bps/Hz/user

(x2.3)
	0.359 Mbps

0.0359 bps/Hz/user

(x4.5)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 3
	11.5 Mbps

1.15 bps/Hz/sector

(x3.0)
	1.15 Mbps

0.115 bps/Hz/user

(x3.0)
	0.364 Mbps

0.0364 bps/Hz/user

(x4.6)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 3
	8.6 Mbps

0.86 bps/Hz/sector

(x2.3)
	0.86 Mbps

0.086 bps/Hz/user

(x2.3)
	0.383 Mbps

0.0383 bps/Hz/user

(x4.8)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 3
	9.5 Mbps

0.95 bps/Hz/sector

(x2.5)
	0.95 Mbps

0.095 bps/Hz/user

(x2.5)
	0.259 Mbps

0.0259 bps/Hz/user

(x3.2)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 3
	10.5 Mbps

1.05 bps/Hz/sector

(x2.8)
	1.05 Mbps

0.105 bps/Hz/user

(x2.8)
	0.281 Mbps

0.0281 bps/Hz/user

(x3.5)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 3
	10.0 Mbps

1.00 bps/Hz/sector

(x2.6)
	1.00 Mbps

0.100 bps/Hz/user

(x2.6)
	0.269 Mbps

0.0269 bps/Hz/user

(x3.4)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 7/6
	12.7 Mbps

1.27 bps/Hz/sector

(x3.4)
	1.27 Mbps

0.127 bps/Hz/user

(x3.4)
	0.375 Mbps

0.0375 bps/Hz/user

(x4.7)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 7/6
	14.0 Mbps

1.40 bps/Hz/sector

(x3.7)
	1.40 Mbps

0.140 bps/Hz/user

(x3.7)
	0.410 Mbps

0.0410 bps/Hz/user

(x5.1)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 7/6
	13.1 Mbps

1.31 bps/Hz/sector

(x3.5)
	1.31 Mbps

0.131 bps/Hz/user

(x3.5)
	0.405 Mbps

0.0405 bps/Hz/user

(x5.1)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 7/6
	12.0 Mbps

1.20 bps/Hz/sector

(x3.2)
	1.20 Mbps

0.120 bps/Hz/user

(x3.2)
	0.360 Mbps

0.0360 bps/Hz/user

(x4.5)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 7/6
	13.1 Mbps

1.31 bps/Hz/sector

(x3.5)
	1.31 Mbps

0.131 bps/Hz/user

(x3.5)
	0.390 Mbps

0.0390 bps/Hz/user

(x4.9)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 7/6
	12.4 Mbps

1.24 bps/Hz/sector

(x3.3)
	1.24 Mbps

0.124 bps/Hz/user

(x3.3)
	0.379 Mbps

0.0379 bps/Hz/user

(x4.7)


Table 7: Simulation case 2, specific technique

	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.040 Mbps

0.0080 bps/Hz/user

(x1.0)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 1
	15.1 Mbps

1.51 bps/Hz/sector

(x4.0)
	1.51 Mbps

0.151 bps/Hz/user

(x4.0)
	0.455 Mbps

0.0455 bps/Hz/user

(x5.7)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 1
	18.0 Mbps

1.80 bps/Hz/sector

(x4.7)
	1.80 Mbps

0.180 bps/Hz/user

(x4.7)
	0.615 Mbps

0.0615 bps/Hz/user

(x7.7)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 1
	21.6 Mbps

2.16 bps/Hz/sector

(x5.7)
	2.16 Mbps

0.216 bps/Hz/user

(x5.7)
	0.575 Mbps

0.0575 bps/Hz/user

(x7.2)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 3
	9.0 Mbps

0.90 bps/Hz/sector

(x2.4)
	0.90 Mbps

0.090 bps/Hz/user

(x2.4)
	0.437 Mbps

0.0437 bps/Hz/user

(x5.5)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 3
	9.3 Mbps

0.93 bps/Hz/sector

(x2.5)
	0.93 Mbps

0.093 bps/Hz/user

(x2.5)
	0.498 Mbps

0.0498 bps/Hz/user

(x6.2)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 3
	12.3 Mbps

1.23 bps/Hz/sector

(x3.2)
	1.23 Mbps

0.123 bps/Hz/user

(x3.2)
	0.451 Mbps

0.0451 bps/Hz/user

(x5.6)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 3
	12.1 Mbps

1.21 bps/Hz/sector

(x3.2)
	1.21 Mbps

0.121 bps/Hz/user

(x3.2)
	0.358 Mbps

0.0358 bps/Hz/user

(x4.5)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 3
	14.5 Mbps

1.45 bps/Hz/sector

(x3.8)
	1.45 Mbps

0.145 bps/Hz/user

(x3.8)
	0.447 Mbps

0.0447 bps/Hz/user

(x5.6)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 3
	16.7 Mbps

1.67 bps/Hz/sector

(x4.4)
	1.67 Mbps

0.167 bps/Hz/user

(x4.4)
	0.423 Mbps

0.0423 bps/Hz/user

(x5.3)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 7/6
	14.9 Mbps

1.49 bps/Hz/sector

(x3.9)
	1.49 Mbps

0.149 bps/Hz/user

(x3.9)
	0.484 Mbps

0.0484 bps/Hz/user

(x6.1)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 7/6
	17.1 Mbps

1.71 bps/Hz/sector

(x4.5)
	1.71 Mbps

0.171 bps/Hz/user

(x4.5)
	0.639 Mbps

0.0639 bps/Hz/user

(x8.0)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 7/6
	20.4 Mbps

2.04 bps/Hz/sector

(x5.4)
	2.04 Mbps

0.204 bps/Hz/user

(x5.4)
	0.559 Mbps

0.0559 bps/Hz/user

(x7.0)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 7/6
	14.4 Mbps

1.44 bps/Hz/sector

(x3.8)
	1.44 Mbps

0.144 bps/Hz/user

(x3.8)
	0.456 Mbps

0.0456 bps/Hz/user

(x5.7)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 7/6
	16.9 Mbps

1.69 bps/Hz/sector

(x4.5)
	1.69 Mbps

0.169 bps/Hz/user

(x4.5)
	0.610 Mbps

0.0610 bps/Hz/user

(x7.6)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 7/6
	20.2 Mbps

2.02 bps/Hz/sector

(x5.3)
	2.02 Mbps

0.202 bps/Hz/user

(x5.3)
	0.545 Mbps

0.0545 bps/Hz/user

(x6.8)


Table 8: Simulation case 3, calibration
	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.035 Mbps

0.0070 bps/Hz/user

(x1.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 1
	10.5 Mbps

1.05 bps/Hz/sector

(x2.8)
	1.05 Mbps

0.105 bps/Hz/user

(x2.8)
	0.135 Mbps

0.0135 bps/Hz/user

(x1.9)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 1
	14.9 Mbps

1.49 bps/Hz/sector

(x4.0)
	1.49 Mbps

0.149 bps/Hz/user

(x4.0)
	0.279 Mbps

0.0279 bps/Hz/user

(x4.0)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 3
	6.5 Mbps

0.65 bps/Hz/sector

(x1.7)
	0.65 Mbps

0.065 bps/Hz/user

(x1.7)
	0.111 Mbps

0.0111 bps/Hz/user

(x1.6)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 3
	7.4 Mbps

0.74 bps/Hz/sector

(x2.0)
	0.74 Mbps

0.074 bps/Hz/user

(x2.0)
	0.151 Mbps

0.0151 bps/Hz/user

(x2.2)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 3
	7.0 Mbps

0.70 bps/Hz/sector

(x1.9)
	0.70 Mbps

0.070 bps/Hz/user

(x1.9)
	0.108 Mbps

0.0108 bps/Hz/user

(x1.5)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 3
	10.4 Mbps

1.04 bps/Hz/sector

(x2.8)
	1.04 Mbps

0.104 bps/Hz/user

(x2.8)
	0.148 Mbps

0.0148 bps/Hz/user

(x2.1)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Reuse 7/6
	9.8 Mbps

0.98 bps/Hz/sector

(x2.6)
	0.98 Mbps

0.098 bps/Hz/user

(x2.6)
	0.138 Mbps

0.0138 bps/Hz/user

(x2.0)

	E-UTRA calibration

1 x 2 Single Antenna

Reuse 7/6
	14.1 Mbps

1.41 bps/Hz/sector

(x3.8)
	1.41 Mbps

0.141 bps/Hz/user

(x3.8)
	0.294 Mbps

0.0294 bps/Hz/user

(x4.2)

	E-UTRA calibration

1 x 2 Single Antenna (RR)

Soft Reuse 7/6
	9.7 Mbps

0.97 bps/Hz/sector

(x2.6)
	0.97 Mbps

0.097 bps/Hz/user

(x2.6)
	0.152 Mbps

0.0152 bps/Hz/user

(x2.2)

	E-UTRA calibration

1 x 2 Single Antenna

Soft Reuse 7/6
	13.4 Mbps

1.34 bps/Hz/sector

(x3.6)
	1.34 Mbps

0.134 bps/Hz/user

(x3.6)
	0.281 Mbps

0.0281 bps/Hz/user

(x4.0)


Table 9: Simulation case 3, baseline
	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.035 Mbps

0.0070 bps/Hz/user

(x1.0)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 1
	14.2 Mbps

1.42 bps/Hz/sector

(x3.8)
	1.42 Mbps

0.142 bps/Hz/user

(x3.8)
	0.272 Mbps

0.0272 bps/Hz/user

(x3.9)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 1
	16.8 Mbps

1.68 bps/Hz/sector

(x4.5)
	1.68 Mbps

0.168 bps/Hz/user

(x4.5)
	0.374 Mbps

0.0374 bps/Hz/user

(x5.3)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 1
	15.5 Mbps

1.55 bps/Hz/sector

(x4.1)
	1.55 Mbps

0.155 bps/Hz/user

(x4.1)
	0.373 Mbps

0.0373 bps/Hz/user

(x5.3)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 3
	6.8 Mbps

0.68 bps/Hz/sector

(x1.8)
	0.68 Mbps

0.068 bps/Hz/user

(x1.8)
	0.124 Mbps

0.0124 bps/Hz/user

(x1.8)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 3
	9.6 Mbps

0.96 bps/Hz/sector

(x2.6)
	0.96 Mbps

0.096 bps/Hz/user

(x2.6)
	0.171 Mbps

0.0171 bps/Hz/user

(x2.4)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 3
	7.7 Mbps

0.77 bps/Hz/sector

(x2.1)
	0.77 Mbps

0.077 bps/Hz/user

(x2.1)
	0.200 Mbps

0.0200 bps/Hz/user

(x2.9)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 3
	9.4 Mbps

0.94 bps/Hz/sector

(x2.5)
	0.94 Mbps

0.094 bps/Hz/user

(x2.5)
	0.121 Mbps

0.0121 bps/Hz/user

(x1.7)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 3
	11.8 Mbps

1.18 bps/Hz/sector

(x3.1)
	1.18 Mbps

0.118 bps/Hz/user

(x3.1)
	0.175 Mbps

0.0175 bps/Hz/user

(x2.5)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 3
	11.2 Mbps

1.12 bps/Hz/sector

(x3.0)
	1.12 Mbps

0.112 bps/Hz/user

(x3.0)
	0.189 Mbps

0.0189 bps/Hz/user

(x2.7)

	E_UTRA baseline

2 x 2 Antenna Selection

Reuse 7/6
	13.2 Mbps

1.32 bps/Hz/sector

(x3.5)
	1.32 Mbps

0.132 bps/Hz/user

(x3.5)
	0.256 Mbps

0.0256 bps/Hz/user

(x3.7)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Reuse 7/6
	16.3 Mbps

1.63 bps/Hz/sector

(x4.3)
	1.63 Mbps

0.163 bps/Hz/user

(x4.3)
	0.387 Mbps

0.0387 bps/Hz/user

(x5.5)

	E_UTRA baseline

2 x 2 TX Diversity

Reuse 7/6
	14.7 Mbps

1.47 bps/Hz/sector

(x3.9)
	1.47 Mbps

0.147 bps/Hz/user

(x3.9)
	0.369 Mbps

0.0369 bps/Hz/user

(x5.3)

	E_UTRA baseline

2 x 2 Antenna Selection

Soft Reuse 7/6
	12.7 Mbps

1.27 bps/Hz/sector

(x3.4)
	1.27 Mbps

0.127 bps/Hz/user

(x3.4)
	0.247 Mbps

0.0247 bps/Hz/user

(x3.5)

	E_UTRA baseline

2 x 2 PARC + TX Diversity

Soft Reuse 7/6
	15.4 Mbps

1.54 bps/Hz/sector

(x4.1)
	1.54 Mbps

0.154 bps/Hz/user

(x4.1)
	0.335 Mbps

0.0335 bps/Hz/user

(x4.8)

	E_UTRA baseline

2 x 2 TX Diversity

Soft Reuse 7/6
	14.1 Mbps

1.41 bps/Hz/sector

(x3.8)
	1.41 Mbps

0.141 bps/Hz/user

(x3.8)
	0.340 Mbps

0.0340 bps/Hz/user

(x4.9)


Table 10: Simulation case 3, specific technique
	Metric
	2a) Avg sector throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum effeciency
	2c) Sector-edge user throughput and spectrum efficiency

	UTRA baseline (5MHz, R6)
	1.9 Mbps

0.38 bps/Hz/sector

(x1.0)
	0.19 Mbps

0.038 bps/Hz/user

(x1.0)
	0.035 Mbps

0.0070 bps/Hz/user

(x1.0)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 1
	17.3 Mbps

1.73 bps/Hz/sector

(x4.6)
	1.73 Mbps

0.173 bps/Hz/user

(x4.6)
	0.443 Mbps

0.0443 bps/Hz/user

(x6.3)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 1
	19.2 Mbps

1.92 bps/Hz/sector

(x5.1)
	1.92 Mbps

0.192 bps/Hz/user

(x5.1)
	0.526 Mbps

0.0526 bps/Hz/user

(x7.5)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 1
	23.4 Mbps

2.34 bps/Hz/sector

(x6.2)
	2.34 Mbps

0.234 bps/Hz/user

(x6.2)
	0.503 Mbps

0.0503 bps/Hz/user

(x7.2)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 3
	8.0 Mbps

0.80 bps/Hz/sector

(x2.1)
	0.80 Mbps

0.080 bps/Hz/user

(x2.1)
	0.211 Mbps

0.0211 bps/Hz/user

(x3.0)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 3
	8.4 Mbps

0.84 bps/Hz/sector

(x2.2)
	0.84 Mbps

0.084 bps/Hz/user

(x2.2)
	0.273 Mbps

0.0273 bps/Hz/user

(x3.9)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 3
	11.4 Mbps

1.14 bps/Hz/sector

(x3.0)
	1.14 Mbps

0.114 bps/Hz/user

(x3.0)
	0.266 Mbps

0.0266 bps/Hz/user

(x3.8)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 3
	12.6 Mbps

1.26 bps/Hz/sector

(x3.4)
	1.26 Mbps

0.126 bps/Hz/user

(x3.4)
	0.196 Mbps

0.0196 bps/Hz/user

(x2.8)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 3
	14.6 Mbps

1.46 bps/Hz/sector

(x3.9)
	1.46 Mbps

0.146 bps/Hz/user

(x3.9)
	0.246 Mbps

0.0246 bps/Hz/user

(x3.5)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 3
	17.1 Mbps

1.71 bps/Hz/sector

(x4.6)
	1.71 Mbps

0.171 bps/Hz/user

(x4.6)
	0.242 Mbps

0.0242 bps/Hz/user

(x3.5)

	E_UTRA specific technique

2 x 2 Fixed Beams

Reuse 7/6
	16.0 Mbps

1.60 bps/Hz/sector

(x4.3)
	1.60 Mbps

0.160 bps/Hz/user

(x4.3)
	0.417 Mbps

0.0417 bps/Hz/user

(x6.0)

	E_UTRA specific technique

4 x 2 Fixed Beams

Reuse 7/6
	17.8 Mbps

1.78 bps/Hz/sector

(x4.7)
	1.78 Mbps

0.178 bps/Hz/user

(x4.7)
	0.523 Mbps

0.0523 bps/Hz/user

(x7.5)

	E_UTRA specific technique

4 x 2 MU-SDMA

Reuse 7/6
	21.3 Mbps

2.13 bps/Hz/sector

(x5.7)
	2.13 Mbps

0.213 bps/Hz/user

(x5.7)
	0.445 Mbps

0.0445 bps/Hz/user

(x6.4)

	E_UTRA specific technique

2 x 2 Fixed Beams

Soft Reuse 7/6
	15.7 Mbps

1.57 bps/Hz/sector

(x4.2)
	1.57 Mbps

0.157 bps/Hz/user

(x4.2)
	0.370 Mbps

0.0370 bps/Hz/user

(x5.3)

	E_UTRA specific technique

4 x 2 Fixed Beams

Soft Reuse 7/6
	17.9 Mbps

1.79 bps/Hz/sector

(x4.8)
	1.79 Mbps

0.179 bps/Hz/user

(x4.8)
	0.493 Mbps

0.0493 bps/Hz/user

(x7.0)

	E_UTRA specific technique

4 x 2 MU-SDMA

Soft Reuse 7/6
	21.2 Mbps

2.12 bps/Hz/sector

(x5.7)
	2.12 Mbps

0.212 bps/Hz/user

(x5.7)
	0.455 Mbps

0.0455 bps/Hz/user

(x6.5)
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Annex
Results Overview

Figure 1, Figure 2, and Figure 3 show the cell border throughput versus LTE system spectral efficiency of all results for case 1, 2, and 3, respectively. The different dots correspond to the different antenna algorithms. Every antenna algorithm is represented by 5 dots corresponding to the 5 reuse schemes.
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Figure 1: Cell border throughput versus LTE system spectral efficiency for case 1
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Figure 2: Cell border throughput versus LTE system spectral efficiency for case 2
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Figure 3: Cell border throughput versus LTE system spectral efficiency for case 3
SISO AWGN Normalized Throughput

Figure 4 shows the normalized throughput in bits per symbol versus SNR for OFDM transmission and for an AWGN channel. The specification of the OFDM physical layer structure corresponds to TS 36.211.

27 different modulation and coding schemes are used: 10 for QPSK, 9 for 16QAM, and 8 for 64QAM.
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Figure 4: Symbol Efficiency versus SNR

Fairness Curves
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Figure 5: Fairness curve, case 1, reuse 1
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Figure 6: Fairness curve, case 2, reuse 1
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Figure 7: Fairness curve, case 3, reuse 1
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Figure 8: Fairness curve, case 1, reuse 3
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Figure 9: Fairness curve, case 2, reuse 3
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Figure 10: Fairness curve, case 3, reuse 3
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Figure 11: Fairness curve, case 1, soft reuse 3
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Figure 12: Fairness curve, case 2, soft reuse 3
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Figure 13: Fairness curve, case 3, soft reuse 3
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Figure 14: Fairness curve, case 1, reuse 7/6
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Figure 15: Fairness curve, case 2, reuse 7/6
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Figure 16: Fairness curve, case 3, reuse 7/6
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Figure 17: Fairness curve, case 1, soft reuse 7/6
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Figure 18: Fairness curve, case 2, soft reuse 7/6
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Figure 19: Fairness curve, case 3, soft reuse 7/6
User Geometry
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Figure 20: User Geometry for inter-site distance 500m
Simulation Scenarios
Table 11: UTRA and EUTRA simulation case minimum set

	Simulation
	CF
	ISD
	BW
	Ploss
	Speed

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

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3


Simulation Assumptions
Table 12 shows the system simulation parameters. All parameters refer to LTE and HSDPA, if  not explicitly stated otherwise.
Table 12: System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 7cell sites, 3 sectors per site

	Inter-site distance
	See Table 11

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

	Lognormal Shadowing
	Similar to UMTS 30.03

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table 11 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	LTE carrier frequency / bandwidth
	See Table 11

	HSDPA carrier frequency / bandwidth
	2 GHz, 5 MHz

	LTE channel model
	Spatial Channel Model (SCME)

	UE speed
	See Table 11

	LTE total BS TX power
	46dBm

	HSDPA total BS TX power
	43dBm

	Inter-cell Interference Modeling
	Explicit modeling

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters

	LTE CS levels
	QPSK, R = 1/9, 1/6, 0.21, 1/4, 1/3, 0.42, 1/2, 0.58, 2/3, 0.73

16-QAM, R = 0.43, 0.46, 1/2, 0.54, 0.58, 0.61, 2/3, 0.73, 4/5

64-QAM, R = 0.58, 0.62, 2/3, 0.70, 0.74, 4/5, 0.85, 0.9

	LTE Scheduler
	Score Based Proportional Fair [2], all assigned PRB form one transport block

	LTE HARQ
	Asynchronous, adaptive

	LTE HARQ RTD
	5 TTI 

	LTE Link Adaptation
	Initial target BLER = 30%

	LTE CQI feedback range and granularity
	-11 dB … + 20 dB in steps of 1 dB

	LTE CQI feedback delay
	3 ms

	LTE CQI feedback period
	5 ms

	LTE Channel Estimation
	Ideal, implemented in system simulator

	Traffic model
	Full buffer

	Number of UEs per cell
	10

	LTE Link to system interface
	Mutual Information Effective SNIR Mapping (MIESM) [3]


Table 13: EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	1, 2, and 4 Antennas, respectively

	BS antenna gain plus cable loss
	14 dBi

	Pilot channel overhead 
	Explicitly simulated

	Control channel overhead
	First three OFDM symbols per TTI


Table 14: Reference EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	2 Antennas, 1/2 Lambda

	Receiver type
	MRC, LMMSE

	Interference Cancellation
	Not applied

	Antenna gain
	0 dBi

	Noise Figure
	9 dB

	Receiver Noise Floor
	Not considered

	UE Receiver
	MRC, LMMSE

	Interference Cancellation Schemes
	Not applied


Table 15: UTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	1 Antenna

	Node-B Receiver 
	2 Antennas – Rake,   Ideal antenna de-correlation

8 fingers assignable per UE

	BS antenna gain plus cable loss
	14 dBi for micro, macro cell case

	Node-B HS-DSCH codes (N)
	N = 15 – DPCH code overhead  (N = 14)

	Noise Figure
	5 dB

	Pilot channel power overhead (P_PILOT)
	10% (CPICH)

	Common channel power overhead

(P_OVHD)
	10% (SCH, P-CCPCH, S-CCPCH)

	DL HSUPA channel power overhead (P_HSUPA)
	8% (E-AGCH, E-RGCH, E-HICH)

	Power available for 

HS-DSCH/HS-SCCH/DPCH
	100% - P_PILOT - P_OVHD – P_HSUPA

	HS-SCCH
	5% power overhead

	DL DPCH (F-DPCCH or Assoc.)
	10% power overhead


Table 16: Reference UTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	Performance Type 1 (Rx Diversity)

	Antenna gain
	0 dBi

	Noise Figure
	9dB

	HSDPA UE Capability Category
	14Mbps (15 codes) ,   Capability Category 10
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