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1. Introduction

E-UTRA is expected to deliver high spectrum efficiency and significant improvement over HSDPA. Specifically, the target is to provide 3-4x gain for sector and average user throughput, and 2-3x gain for 5%-tile user throughput [2]. In this contribution, we simulated E-UTRA downlink performance using frequency-domain scheduling and open loop MIMO techniques.  This document differs from [6] in that aggregate user throughput statistics were used instead of packet call statistics for the full buffer cases.
Conditioned on all Base Stations transmitting full power 100% of the time, the simulations show that the desired gain can often be achieved if frequency-domain scheduling is used with open loop MIMO techniques, while at the same time adopting a longer TTI with less control overhead.  Further improvement is expected with more advanced MIMO techniques such as closed loop and rank adaptation as well as using non-static TTI, or by assuming lower cell occupancy such that peak rates can be used more often. 

2. Downlink simulation results 

Table 1 summarizes the downlink system simulation reference cases given in [1], [2], [3] and indicates the traffic type used.  Detailed simulation parameters are listed in Annex A.  
Table 1- Downlink system simulation assumptions

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Traffic Type

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

	1
	2.0
	500
	10
	20
	3
	Full-buffer (FB)

	2
	2.0
	500
	10
	10
	30
	FB

	3
	2.0
	1732
	10
	20
	3
	FB

	4
	0.9
	1000
	1.25
	10
	3
	See [R1-061472 ]

	5
	2.0
	1732
	5
	20
	3
	Web-browsing


Ideal channel estimation is assumed, and the average CQI per RB is reported every 2ms. Both time-domain scheduling (TDS) and frequency-domain scheduling (FDS) were simulated. System performance is summarized in the following Tables for 10 UE’s per sector (FB) or 150 UE’s per sector (web-browsing). 
Table 2 - Downlink Sector Throughput for E-UTRA (1x2) and HSDPA (Type I).

[image: image1.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.812 1.53 1.9 x 1.79 2.2 x

2 0.801 1.46 1.8 x 1.64 2.0 x

3 0.795 1.42 1.8 x 1.66 2.1 x

5 0.50 0.85 1.7 x 0.90 1.8 x

E-UTRA


Table 3 - Downlink Average User Throughput for E-UTRA (1x2) and HSDPA (Type I)


[image: image2.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.0812 0.157 1.9 x 0.182 2.2 x

2 0.0801 0.149 1.9 x 0.166 2.1 x

3 0.0795 0.145 1.8 x 0.169 2.1 x

5 0.035 0.048 1.4 x 0.050 1.4 x

E-UTRA


Table 4 - Downlink 5%-tile User Throughput for E-UTRA (1x2) and HSDPA (Type I)


[image: image3.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.025 0.034 1.4 x 0.046 1.8 x

2 0.022 0.031 1.4 x 0.036 1.6 x

3 0.018 0.026 1.5 x 0.039 2.2 x

5 0.020 0.028 1.4 x 0.031 1.6 x

E-UTRA


The Tables above do show a significant gain over HSDPA due to OFDM modulation and gains from FDS.  However, Tables 2-4 show that the 2-3x target for 5%-tile UE throughput, and 3-4x sector/average UE throughput cannot be achieved by using a single transmit antenna. Therefore, open-loop MIMO was included, as shown in the next section, in order to try and meet the improvement target.

3. Open-loop MIMO results

Given two transmit antennas at Node-B and two receive antennas at UE. We simulated open-loop MIMO with horizontal encoding (single codeword across two transmit antennas) for simplicity. (Closed loop transmission is expected to have performance and/or complexity benefits.) In this case, a receiver based on an ordered zero-forcing ideal decision feedback (ZF-DF) approach was applied since this was believed to provide a reasonable approximation to the more desirable quasi-maximum likelihood (QML) approximation to the ideal maximum likelihood (ML) receiver. Results based on a QML-based receiver will be presented in a future contribution. 

Table 5 - Sector Throughput for E-UTRA with Open-loop MIMO vs. HSDPA (Type I)


[image: image4.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.812 2.04 2.5 x 2.36 2.9 x

2 0.801 1.94 2.4 x 1.85 2.3 x

3 0.795 1.98 2.5 x 2.22 2.8 x

5 0.500 0.90 1.8 x 0.93 1.9 x

E-UTRA


Table 6 - Average UE Throughput for E-UTRA with Open-loop MIMO vs. HSDPA (Type I)


[image: image5.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.081 0.207 2.6 x 0.240 3.0 x

2 0.080 0.197 2.5 x 0.188 2.3 x

3 0.080 0.200 2.5 x 0.225 2.8 x

5 0.035 0.051 1.5 x 0.051 1.5 x

E-UTRA


Table 7 - 5%-tile UE Throughput for E-UTRA with Open-loop MIMO vs. HSDPA (Type I)


[image: image6.emf]Simulation HSDPA

case (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

1 0.022 0.024 1.1 x 0.048 2.2 x

2 0.025 0.030 1.2 x 0.035 1.4 x

3 0.018 0.020 1.1 x 0.043 2.4 x

5 0.020 0.032 1.6 x 0.032 1.7 x

E-UTRA


With MIMO techniques, the E-UTRA downlink throughput is dramatically improved. Note that FDS with open-loop MIMO can provide significant improvement over TDS scheduling, especially for 5%-tile UE throughput. Note the sector throughput for HTTP was compared for the same fairness (see Figure 9) as shown in Figure 10. 

We also presented the system performance for case 2 which uses 30km/h. We can observe that the FDS gain decreases with higher speed (Doppler). Furthermore, when MIMO is applied, the FDS results are actually worse than TDS results. Case 3 results with MIMO are shown in Annex B too. Again, it is shown that FDS+MIMO provide the most improvement on the system performance.

4. Multiple TTI + MIMO

Although when both MIMO and FDS are applied, the E-UTRA target can largely be achieved, there is still some gap between the achieved and targeted gain. One solution is to use TTI larger than 0.5ms. A larger TTI can provide extra Turbo code interleaving gain but more importantly less control overhead is required.  Taking case 1 as an example, we simulated both 0.5ms and 1.5ms TTI, with 2 and 4 control+pilot symbols per each TTI respectively. In Table 8-10, it is shown that the desired gain from E-UTRA over HSDPA can be achieved by using a longer TTI (1.5 ms) along with MIMO+FDS.

Table 8 - Case 1 results with 1.5 ms TTI and open-loop MIMO


[image: image7.emf]HSDPA

T-put (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

sector 0.812 2.319 2.9 x 2.602 3.2 x

avg user 0.081 0.234 2.9 x 0.263 3.2 x

5% user 0.022 0.025 1.1 x 0.053 2.4 x

E-UTRA


Table 9- Case 2 results with 1.5 ms TTI and open-loop MIMO


[image: image8.emf]HSDPA

T-put (bps/Hz) TDS gain FDS(bps/Hz) gain

sector 0.801 2.299 2.9 x 2.134 2.7 x

avg user 0.080 0.232 2.9 x 0.216 2.7 x

5% user 0.025 0.035 1.4 x 0.047 1.9 x

E-UTRA


Table 10 - Case 3 results with 1.5 ms TTI and open-loop MIMO


[image: image9.emf]HSDPA

T-put (bps/Hz) TDS (bps/Hz) gain FDS(bps/Hz) gain

sector 0.795 2.307 2.9 x 2.38 3.0 x

avg user 0.080 0.234 2.9 x 0.241 3.0 x

5% user 0.018 0.016 0.9 x 0.047 2.6 x

E-UTRA


In Annex B, we present the sector t-put vs. average user t-put for Case 1 with different techniques, along with fairness results. In Figure 4, we also show the results of Round-robin scheduler as a baseline. It is shown that Frequency-domain PF scheduler can greatly improve the throughput, where the gain is even dramatic as MIMO is applied. A longer TTI will boost the system performance to meet the desire target for E-UTRA. In the OL-MIMO case, CQI feedback was based on per-stream SINR derived from the ordered ZF-DF receiver.
5. Conclusion

In this contribution, we presented system simulation results for E-UTRA downlink. The desired target can mostly achieved by using FDS and open-loop MIMO, along with a longer TTI. It is expected that additional gains will be achieved through the use of closed-loop MIMO. Further conclusions are:

· Frequency-domain PF scheduler provides substantial gain over round-robin scheduler, and time-domain PF scheduler. 

· MIMO can provide further performance gain than single transmit antenna, for both TDS and FDS.

· Longer TTI provides interleaver and overhead gain, which can significantly boost the performance.

· The gain from FDS and MIMO decreases at higher Doppler.

· Of course at lower loads with lower inter-cell interference such that peak rate usage is higher there will be more significant E-UTRA throughput improvement over HSDPA and the targets can be met.
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ANNEX A – System Simulation Assumptions

Table 11 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm (5MHz),  46dBm (10MHz)

	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

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link Mapping
	EESM

	HSDPA   BS Transmitter x UE Receiver
	1x2  (UE is Type 1)

	E-UTRA BS Transmitter  x UE Receiver
	1x2 and 2x2

2x2 represents use of open loop MIMO

	Other Cell interference
	All BS transmitters always on at full power


ANNEX B – System Simulation Results (note TDM = TDS)
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Figure 4 – System performance for Case 1 with MIMO and longer TTI

[image: image13.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Normalized T-put

CDF

Round-robin

FDS

TDM

FDS, MIMO

TDM, MIMO

Fair Line


Figure 5 - Fairness results for E-UTRA with MIMO

[image: image14.emf]0

500

1000

1500

2000

2500

12000 14000 16000 18000 20000 22000 24000

Sector t-put (kbps)

Avg user t-put (kbps)

FDS, 0.5ms TTI

TDM, 0.5ms TTI

FDS, 1.5ms TTI

TDM, 1.5ms TTI

FDS, 0.5ms TTI, MIMO

TDM, 0.5ms TTI, MIMO

FDS, 1.5ms TTI, MIMO

TDM, 1.5ms TTI, MIMO

Traffic: Full Buffer

Scheduler: PF          

Channel: TU, 30km/h

Bandwidth: 10MHz, FDD

Cell Size: 500m ISD


Figure 6 –System performance for case 2 with MIMO and longer TTI
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Figure 7 - System performance for case 3 with MIMO
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Figure 8 –Fairness Curves for E-UTRA and HSDPA for 10 UEs/sector using Full Buffer
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Figure 9 – HTTP Web Browsing Fairness
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Figure 10 – HTTP Web Browsing Performance for 1x2 configuration using Case 5
ANNEX C – System Simulation Link Error Prediction Information

The following information is provided:

1. Round Robin Result (see Figure 4)

2. AWGN Curves

3. EESM LEP mapping parameters (betas)

For downlink EESM (see R1-050718) we have beta values:

· QPSK beta   = 0.413*ER + 1.3661  (1.45 to 1.71 for ER=1/5 to 5/6)

· 16QAM beta = 4.4492*ER*ER+4.5655*ER+1.2982  (2.39 to 8.19 for ER=1/5 to 5/6)

· 64QAM beta = 4.1182*exp(2.4129*ER)  (6.67 to 30.76 for ER=1/5 to 5/6)
where ER is effective encoding rate.

Link Results Used in System Simulations (AWGN+ICE+No RX Diversity)
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Figure 11 QPSK R=1/3: Link performance and curve fit.
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Figure 12 – QPSK R=1/2: Link performance and curve fit.
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Figure 13 – QPSK R=2/3: Link Performance and curve fit.
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Figure 14 – 16QAM R=1/3: Link performance and curve fit.
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Figure 15 – 16QAM R=1/2: Link performance and curve fit.
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Figure 16 – 16QAM R=2/3: Link performance and curve fit.
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