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Introduction
At RAN1#45 various evaluation results were presented regarding the LTE target fulfilment with respect to [1] in uplink and downlink. While the uplink targets of 2x-3x the Rel6 performance seem to be met in most cases, it is not obvious if and how the performance targets in the downlink of 3x-4x the Rel6 spectral efficiency and user throughput, and 2x-3x the cell edge throughput can be met simultaneously. 
The conclusion in [3] suggests to assume that the targets can be met using several key technologies such as advanced MIMO schemes, interference coordination and variable TTI. However, these techniques are not yet included in many of the presented system evaluations and there is no common agreement on the basic schemes to use in the evaluation. 
To give two examples: A rough MIMO gain of 20% was assumed in order to extend some of the results to the MIMO case [3]. Concerning interference coordination, some results showed considerable gains [4] with static coordination schemes while other contributions found no significant gain with these techniques [5]. This situation makes it difficult to conclude on the LTE target fulfilment. 
In this contribution, we present simulation results which at the time being also exclude these advanced features. The results confirm findings of other companies presented at RAN1#45 concerning the achievability of the downlink performance targets for LTE.

Main simulation assumptions

We focus on simulation case 1 defined in [2]. A detailed table with simulation assumptions can be found in the appendix. The main parameters are summarized in table 1. Two different system loads in terms of number of UEs per sector were simulated with a full queue traffic model.
Proportional fair scheduling was applied in all considered cases. Only a single user was scheduled per TTI in R6, while different cases are considered for LTE. In the frequency non-adaptive case (FnAS), either the whole bandwidth is given to a single user, or the bandwidth is shared by 8 users whose multiple resource units are interleaved in frequency. In the frequency adaptive case (FAS), 8 users share the bandwidth and are allocated their best resource units in a fair way based on a CQI feedback per resource unit.   
	System load per sector
	5 and 12 UEs in average

	Traffic Model
	Full queue

	Scheduling
	Proportional fair

Frequency adaptive (FAS) 
and non-adaptive (FnAS)

	Number of scheduled UEs per TTI
	1 (R6) 
1 (FnAS) or 8 (FAS and FnAS (LTE)

	Antenna configuration
	1x2

	Scenario
	Case 1


Table 1: Main simulation parameters.
Simulation results
Tables 2-4 show the performance comparison of LTE to the R6 baseline for different loads and types of scheduling. All numbers are given as spectral efficiency in bits/s/Hz. The tables show the overall spectral efficiency, the throughput per user and the cell edge throughput per user defined as the 5% point of the user throughput CDF. The gain with respect to the R6 baseline is given between brackets.

In the considered configuration, the LTE radio interface can improve spectral efficiency and user throughput compared to R6 by factors of 2.32 to 2.75 and the cell edge user throughput by factors of 2.02 to 2.06 depending on the system load. While the LTE targets are shown to be met for the cell edge throughput, they can not be met simultaneously for the overall spectral efficiency and the user throughput in the considered configuration. Thus, advanced techniques like MIMO and/or interference coordination seem to be required to fulfil the targets and should be taken into account in further evaluations.
	Spectral efficiency in bits/s/Hz
	HSDPA R6 
1x2 Type I
	LTE 1x2
FnAS

	Spectral efficiency
	0.58
	1.60 (x 2.75)

	User throughput
	0.116
	0.32 (x 2.75)

	Cell edge (5% CDF)
	0.04
	0.081 (x 2.02)


Table 2: 5 users per sector, one user scheduled per TTI.
	Spectral efficiency in bits/s/Hz
	HSDPA R6 
1x2 Type I
	LTE 1x2
FnAS
	LTE 1x2
FAS

	Spectral efficiency
	0.78
	1.59 (x 2.04)
	1.81 (x 2.32)

	User throughput
	0.065
	0.133 (x 2.04)
	0.151 (x 2.32)

	Cell edge (5% CDF)
	0.017
	0.021 (x 1.23)
	0.035 (x 2.06)


Table 3: 12 users per sector, users scheduled per TTI: 1 (R6) and 8 (LTE).
Conclusions

We presented new simulation results for the downlink LTE performance in scenario 1. The results confirm the findings of other companies that the downlink targets for LTE cannot be met without key technologies such as MIMO and interference coordination.  
As a way forward we suggest that basic schemes are agreed for a system evaluation of advanced features such as MIMO and interference coordination in order to enable comparable performance evaluations of these features by different companies. This hopefully will help to conclude on the LTE target fulfilment, especially on the downlink.
ANNEX A – System Simulation Assumptions

	Parameter description
	Value

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

	Simulation scenario
	Case 1

	Bandwidth
	5MHz (R6), 10 MHz (LTE)

	Sub-frame length
	2ms (R6), 0.5 ms (LTE)

	Number of considered mobiles during simulation
(per sector)
	5 and 12 in average

	Link to System interface


	AVI (R6)

EESM (LTE)

	Overhead
	15% (pilots and cyclic prefix)

	Traffic model
	Full queue

	Node B

	Node B
	Total available power
	43dBm (~20 W)

	
	Number of TX antennas 
	1

	
	Antenna gain 
	14 dBi

	
	Antenna pattern
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70-degree sectored beam.

	Propagation

	Propagation
	Path loss
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	Slow fading
	Standard deviation 
	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	Typical urban 6-tap model, 3 km/h

	
	Penetration loss
	20 dB

	
	Interference
	All BS transmitters always on at full power

	

	UE

	UE
	Thermal noise Power density
	-174 dBm/Hz in 10MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	
	Number of RX-antennas
	2 (RX diversity)

	
	Receiver
	Rake (R6)

Per carrier 1-tap MMSE (LTE)

	
	Channel estimation
	Ideal

	
	CQI reporting
	One per TTI (R6) / One per resource unit (LTE)

	
	Delay from CQI-meas. to 1st transmission
	4 TTIs or 8 ms (R6) / 4 TTIs or 2.0 ms (LTE)

	
	H-ARQ processing
	Chase combining

	
	Turbo decoder
	Max-log MAP with up to 8 iterations

	H-ARQ

	H-ARQ
	Type
	Asynchronous

	
	Number of processes
	6

	
	Time between retransmissions
	6 TTIs or 12 ms (R6) / 3 ms (LTE)

	
	Maximum number of transmissions
	1 initial transmission + 6 re-transmissions

	
	Combining technique
	Chase Combining

	Scheduler / Link adaptation

	Scheduler
	Transport formats
	QPSK, 16-QAM, code rates: 1/3 to 4/5 (R6)
QPSK, 16 and 64 -QAM, code rates: 1/3 to 2/3  (LTE)

	
	User traffic multiplexing
	CDMA with 15 out of 16 codes per UE (R6)
Multiple localized units (375kHz each) per UE (LTE)

	
	Time domain policy
	Proportional Fair

	
	RB allocation strategy (LTE only)
	Frequency adaptive (FAS) and non-adaptive (FnAS)

	
	Number of scheduled UEs per TTI
	1 (R6) 
1 or 8 (LTE)
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