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Introduction

The target of the E-UTRA Study Item phase is to define the baseline solutions of the E-UTRA in the Technical Report [1] and evaluate the system performance in such manifold measures that it can fairly be justified, whether the LTE requirements set in [2] are met by the LTE system [1]. In the previous RAN meeting #32 it was agreed in [12] that further inputs on techniques to improve downlink performance towards top-end targets would be provided. This document thus extends the Nokia LTE evaluation results given earlier in [8] with new downlink results including MIMO techniques.
The LTE physical layer, which is evaluated, is defined in [1]. The appendices of [1] further include the detailed descriptions of the scenario, the system models and the performance measures for the evaluation.

Simulation Assumptions

The simulation assumptions are those agreed in [1] and listed again in Table A.2.1.1-1. For the traffic model, several assumptions are given in [1], but a simple full buffer packet model was applied in Nokia simulations instead. Another remark is that often Vehicular A channel model was used in the HSPA simulations and TU in the LTE simulations. These channel models have different frequency correlation properties and they may generate non-comparable measures of inter-symbol-interference and frequency diversity. In this paper, the Typical Urban channel, defined by the 3GPP in [10] was applied with appropriate bandwidth scaling. For the downlink system simulations, the EESM interface trained by the link simulations was applied in the sub-carrier resolution.
Table A.2.1.1-1 – 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

	4
	0.9
	1000
	1.25
	10
	3


Recap of downlink performance without MIMO
The downlink performance is dependent, in addition to the scenario, assumptions and parameters on the receiver algorithms. In the LTE evaluation by Nokia, a dual-antenna Interference Rejection Combining Receiver was used as proposed in [6]. The detailed description of the receiver is omitted, but it is expected to be known from the literature that such a receiver does exist and it may be designed by different means. The receiver algorithm is simply referred here as “2rx-IRC”.

As the E-UTRA system is targeted at serving packet traffic, the performance is dependent on the packet scheduling algorithms. In the LTE evaluation by Nokia, two types of schedulers were chosen to be analysed, namely a Round Robin scheduler and a Proportional Fair scheduler. The Round Robin scheduler type allocates downlink OFDM symbol resources in the frequency resolution of the Physical Resource Blocks (PRB) and in the time resolution of the sub-frames, so that each UE gets resource allocations in Round Robin order. The Proportionally Fair (PF) scheduler allocates downlink OFDM resources in frequency resolution of the Physical Resource Blocks (PRB) and in time resolution of the sub-frames, so that each UE gets resource allocations by the defined fairness criteria. Such criteria may be tuned e.g. to gain for the cell throughput or to balance the throughput experienced by the served UEs. Localized transmissions are prioritized and based primarily on Channel Dependent Scheduling (CDS) of Physical Resource Blocks (PRB) per UE. Even then, the coverage area over the full range of carrier-to-interference ratios has to be served. The scheduling algorithms are simply referred here as “RR” and “PF” respectively. As the PF seems to overperform, it will be emphasized in the results. The RR results are mainly presented for calibration purposes as proposed in [6].
The results are created in a multi-cell simulator, where statistics is collected from the cells of an eNB, located in the center of the simulation area. The statistics are created as complete probability distributions and respective cumulative probability density functions (cdf). Both the averaged sector throughput and the sector throughput at 5% cdf were calculated from the statistics and scaled to the spectral efficiency values. The spectral efficiency and peak data rate values can also be calculated from the given distributions. These numbers are given in Table I for the reference and in Table II and III for LTE respectively.
For HSDPA, 30% of the transmit power resources and one channelization code were reserved for the control channel overhead. One user is allocated during one Transmission Time Interval and gets up to 15 channelization codes and 70% of the power resources allocated. There were in total 24 users per cell with infinite full-buffer traffic model, uniformly distributed over the coverage area. Neighbour cell interference was generated by full power load. In HSDPA simulations the Type 1 baseline receiver assumptions were used as defined in [2].
For LTE, two OFDM symbols were fully reserved for the reference symbols and control channel overhead. This is about 29% overhead in total. There were in total 48 users per cell with infinite, full-buffer traffic model, uniformly distributed over the coverage area. The scheduler implementation forced one user scheduled per PRB per sub-frame, meaning that 24 users are continuously served per sub-frame. The scheduling is based on ideal Channel Quality Indication report with a delay of 8 sub-frames (4 ms). The neighbour cell interference was generated by full power load. No specific optimisations were applied in any of the LTE algorithms, but the results show the basic performance.
Table I. HSDPA reference results with a Proportional Fair scheduler and Type 1 baseline receiver.
	HSDPA Release 6

	Simulation case

Proportional Fair scheduler
	Averaged sector throughput
[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	3 200
	1 200
	0.63
	0.24
	HSDPA reference

	2
	2 300
	1000
	0.45
	0.19
	HSDPA reference

	3
	3 000
	900
	0.60
	0.17
	HSDPA reference


Note; The requirement specification [2] states; when defining reference scenarios to determine whether the targets outlined are achieved, especially those for cell edge performance, it should be taken into account that these are based on the assumption of a C/I limited scenario. For C/N limited scenarios (e.g. deep indoor) the improvement expected over HSDPA Release 6 is not as substantial.
Table II. LTE evaluation results with a Round Robin scheduler and 2rx-IRC receiver.

	LTE system

	Simulation case

Round Robin scheduler
	Averaged  sector throughput

[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	10 800
	2 100
	1.08
	0.21
	LTE calibration

	2
	8 500
	1 800
	0.85
	0.18
	LTE calibration

	3
	10 200
	1 700
	1.02
	0.17
	LTE calibration


Table III. LTE evaluation results with a Proportional Fair scheduler (in time and frequency domain) and 2rx-IRC receiver.

	LTE system

	Simulation case

Proportional Fair scheduler
	Averaged sector throughput

[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	16 500
	5 100
	1.65 
(2.6 xHSDPA)
	0.51
(2.1 xHSDPA)
	LTE evaluation

	2
	10 100
	2 300
	1.01 
(2.2 xHSDPA)
	0.23 
(1.2 xHSDPA)
	LTE evaluation

	3
	15 600
	4 100
	1.56

(2.6 xHSDPA)
	0.41
 (2.4 xHSDPA)
	LTE evaluation


Downlink performance enhancement by MIMO techniques
The Multiple Input Multiple Output (MIMO) technique is assumed for the LTE evaluation to provide the highest peak data rates. MIMO gains are expected to be available for the sufficiently high signal-to-interference ratios and where the channel rank is sufficiently high. For these reasons, the MIMO evaluation scenario is separately defined in Table A.2.1.1.-2 of [1] as micro-cell simulation cases. However, as the downlink averaged results did not clearly exceed the LTE targets, MIMO studies will also be repeated here for scenarios 1 and 3, in addition to the micro-cell specific MIMO cases. Note that in the micro-cell specific MIMO case [1], there are assumptions for outdoor-to-outdoor and outdoor-to-indoor situations. In Nokia simulations, these were handled in the same simulation run assuming 50% outdoor-to-outdoor receivers and 50% outdoor-to-indoor receivers. 
Multiantenna techniques for diversity transmission, multi-stream transmission and beamforming are well known and are widely described in the literature. Nokia proposed in [11] to apply linear pre-coding matrixes for different modes of multi-antenna transmission. However, as more elaborate multi-antenna discussions in RAN1 are yet ahead, some commodity schemes are applied here for performance enhancement of the LTE for the evaluation phase.

The results reported in the Cannes meeting [12] included a two-by-two MIMO scheme called Per-Antenna Rate Control “PARC”, in which the Transmit Antenna Adaptation (TxAA) scheme provides a fall-back mode, whenever a multi-stream transmission is not expected to be feasible and diversity transmission is needed instead. The PARC scheme is applied having LMMSE receivers for two independent streams. The feedback of Channel Quality Indication per PRB allows selection of modulation and channel coding for the Transport Block of independent streams. QPSK, 16QAM and 64QAM modulations are applied for AMC in the case of dual-stream PARC as well as in the case of single stream TxAA fall-back mode. The channel model of multiantenna transmissions is included via the EESM interface, which inherently contains e.g. inter-stream interference.
As the LTE performance results were expected to be stretched even to the highest requirements set in comparison to the HSDPA, a four-by-two MIMO scheme is added in this contribution. This MIMO transmission technique is based on a unitary pre-coding matrix, which forms two independent beams by four transmit antennas involved in each stream. The feedback of Channel Quality Indication per PBR allows selection of the antenna phase vector to form the beams and selection of modulation and channel coding for the independent streams. A simple modification of TxAA utilizing four transmit antennas provides a fall-back mode, whenever a multi-stream transmission is not expected to be feasible and diversity transmission is needed instead.
The results are summarized in Tables IV and V for scenarios 1 and 3, with added rows for four-by-two MIMO. The RR results are presented for LTE calibration purposes and the PF results for LTE evaluation purposes.

Table IV. LTE evaluation results with a Round Robin scheduler and MIMO receivers.
	LTE system

	Simulation case

Round Robin scheduler
	Averaged sector throughput

[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	10 800
	1 700
	1.08
	0.17
	LTE calibration
(2x2 MIMO)

	1
	13 300
	2 600
	1.33
	0.26
	LTE calibration
(4x2 MIMO)

	3
	10 400
	1 100
	1.04
	0.11
	LTE calibration
(2x2 MIMO)

	3
	12 400
	1 700
	1.24
	0.17
	LTE calibration
(4x2 MIMO)


Table V. LTE evaluation results with a Proportional Fair scheduler (in time and frequency domain) and MIMO receivers.
	LTE system

	Simulation case

Proportional Fair scheduler
	Averaged sector throughput

[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	1
	18 800
	4 800
	1.88
(3.0 xHSDPA)
	0.48
(2.0 xHSDPA)
	LTE evaluation
(2x2 MIMO)

	1
	20 500
	5 500
	2.05

(3.3 xHSDPA)
	0.55

(2.3 xHSDPA)
	LTE evaluation
(4x2 MIMO)

	3
	17700
	3600
	1.77
(3.0 xHSDPA)
	0.36
(2.1 xHSDPA)
	LTE evaluation
(2x2 MIMO)

	3
	18 900
	3 700
	1.89
(3.2 xHSDPA)
	0.37
(2.2 xHSDPA)
	LTE evaluation
(4x2 MIMO)


Downlink performance enhancement by MIMO techniques in the micro cell scenario
LTE evaluation results in the MIMO scenario are summarized in Table VI. First the HSDPA reference is given with the Proportional Fair scheduler and Type 1 baseline receiver, secondly the LTE calibration results are given with the Round Robin scheduler and MIMO receivers and finally the LTE evaluation results are given with the Proportional Fair scheduler and MIMO receivers.  Both two-by-two and four-by-two MIMO schemes are included.
Table VI. LTE evaluation results with a Proportional Fair scheduler and MIMO receivers vs. HSDPA reference (PF and type 1 receiver) and LTE calibration results with a Round Robin scheduler.
	LTE system vs. HSDPA reference

	Simulation case
	scheduler
	Averaged sector throughput

[kb/s/sector]
	Sector throughput at 5% cdf

[kb/s/sector]
	Averaged Spectral efficiency

[b/s/Hz]
	Spectral efficiency at 5% cdf

[b/s/Hz]
	Notes



	micro
	PF
	4 200
	2 000
	0.83
	0.39
	HSDPA reference

	micro
	RR
	23 900
	3 800
	2.39
	0.38
	LTE calibration (2x2 MIMO)

	micro
	RR
	25 000
	4 700
	2.50
	0.47
	LTE calibration (4x2 MIMO)

	micro
	PF
	32 500
	8 400
	3.25
(3.9 xHSDPA)
	0.84
(2.2 xHSDPA)
	LTE evaluation (2x2 MIMO)

	micro
	PF
	33 300
	9 100
	3.33
(4.0 xHSDPA)
	0.91
(2.3 xHSDPA)
	LTE evaluation (4x2 MIMO)


Conclusions

This document presents further evaluation results for downlink as requested in [13] by extending the earlier Nokia evaluation results with MIMO techniques. The LTE evaluation was done by the system and link simulators according to a set of agreed scenarios, now including also the micro cell scenario. The averaged throughput, 5% throughput and spectral efficiency are reported from the distributions.
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