3GPP TSG RAN1
   





                        R1-071991
Teleconference on LTE Verification            

April 23-24, 2007
Agenda Item:
              April 23 – DL Full Buffer and MBMS
Source:

              Motorola

Title:
LTE Downlink System Performance Verification Results

Document for:

Discussion and Decision

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].  To ensure that the final LTE system would still realize these performance gains, a number of operators requested a performance verification checkpoint be performed in the work item phase before completion of the stage 3 work (to be presented to the TSG RAN plenary #36 in June 2007). This performance verification is necessary to understand if the LTE system design is on track to meet the LTE system performance demonstrated at the end of the LTE study item, and to understand whether any additional work needs to be done to improve the system performance further to meet the performance targets.

In this contribution, the E-UTRA downlink performance using full queue traffic model is simulated based on the assumptions outlined in [1].
2. Downlink simulation results 

Table 1 summarizes the downlink system simulation reference cases given in [1] 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-queue (FQ)

	3
	2.0
	1732
	10
	20
	3
	FQ

	4
	0.9
	1000
	1.25
	10
	3
	FQ


Non-ideal channel estimation is assumed, and the average CQI per RB is reported every 5ms with a 2ms delay.  Localized allocation (using frequency selective scheduling) is simulated for SIMO and MIMO using 2x2 and 4x2 closed loop structure.  System performance is summarized in the following Tables for 10 UE’s per sector (FQ). 
For comparison purpose, system simulation results are also shown with MMSE and SIC receiver for Single user (SU-MIMO).  It may be noted that IRC is used for rank-1 users.
3. Baseline results using 1x2 SIMO

In this section, baseline results for LTE for SIMO using IRC receiver and both round-robin and proportional fair scheduler are presented. 
Table 2 - Sector Throughput for E-UTRA with SIMO vs. HSDPA (Type I)


[image: image1.emf]Simulation HSDPA

case (bps/Hz) 1x2 IRC using RR gain 1x2 IRC using PF gain

1 0.658 1.31 2.0 x 1.38 2.1 x

3 0.683 1.12 1.6 x 1.32 1.9 x

4 NA 1.18

E-UTRA


Table 3 - Average UE Throughput for E-UTRA with SIMO vs. HSDPA (Type I)


[image: image2.emf]Simulation HSDPA

case (bps/Hz) 1x2 IRC using RR gain 1x2 IRC using PF gain

1 0.066 0.131 2.0 x 0.138 2.1 x

3 0.068 0.117 1.7 x 0.132 1.9 x

4 NA 0.117

E-UTRA


Table 4 - 5%-tile UE Throughput for E-UTRA with SIMO vs. HSDPA (Type I)


[image: image3.emf]Simulation HSDPA

case (bps/Hz) 1x2 IRC using RR gain  1x2 IRC using PF gain

1 0.024 0.052 2.1 x 0.042 1.7 x

3 0.023 0.030 1.3 x 0.035 1.5 x

4 NA 0.035

E-UTRA


4. Closed-loop MIMO results with MMSE receiver
Given two and four transmit antennas at Node-B and two receive antennas at UE closed-loop MIMO was simulated based on pre-coding matrix as defined in [4] and [6].  In this case, the receiver used was a linear MMSE receiver. The code book used is shown in Annex-B.
Table 5 - Sector Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image4.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.67 2.5 x 1.94 3.0 x

3 0.683 1.57 2.3 x 1.83 2.7 x

4 NA 1.36 NA 1.58 NA

E-UTRA


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


[image: image5.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.167 2.5 x 0.194 2.9 x

3 0.068 0.157 2.3 x 0.183 2.7 x

4 NA 0.136 NA 0.158 NA

E-UTRA


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


[image: image6.emf]case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.045 1.9 x 0.046 1.9 x

3 0.023 0.036 1.6 x 0.037 1.6 x

4 NA 0.038 NA 0.041 NA


With closed-loop MIMO techniques using MMSE receiver, the E-UTRA downlink throughput approaches 2.4x spectral efficiency that of HSDPA while the edge spectral efficiency is 2.1x HSDPA with 4x2 closed loop MIMO.  It may be noted that the HSDPA results does not consider lot of non-idealities which was assumed for LTE DL (e.g. no SCM channel model, ideal channel estimation etc.).
5. Closed-Loop MIMO results with MMSE+SIC
The following tables show the performance of LTE downlink when MMSE receiver with successive interference canceller is used.
Table 8 - Sector Throughput for E-UTRA with CL MIMO + SIC vs. HSDPA (Type I)


[image: image7.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.81 2.7 x 2.09 3.2 x

3 0.683 1.70 2.5 x 1.96 2.9 x

4 NA 1.46 NA 1.72 NA

E-UTRA


Table 9 - Average UE Throughput for E-UTRA with CL MIMO + SIC vs. HSDPA (Type I)


[image: image8.emf]case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.181 2.7 x 0.209 3.2 x

3 0.068 0.170 2.5 x 0.196 2.9 x

4 NA 0.146 NA 0.172 NA


Table 10 - 5%-tile UE Throughput for E-UTRA with CL MIMO + SIC vs. HSDPA (Type I)


[image: image9.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.045 1.9 x 0.045 1.9 x

3 0.023 0.036 1.6 x 0.036 1.6 x

4 NA 0.038 NA 0.041 NA

E-UTRA


With closed-loop MIMO techniques using MMSE-SIC receiver, the E-UTRA downlink throughput approaches 3.2x spectral efficiency that of HSDPA with 4x2 MIMO.  It may be observed that with MMSE-SIC receiver there is no improvement in edge user throughput compared to MMSE receiver.  
The control channel coverage and fairness plot for 2x2 and 4x2 MIMO using MMSE and MMSE-SIC receiver for different cases are shown in Annex-C.  It may be observed that both the fairness and control channel coverage are met for all the cases.
6. Impact of Control channel modeling and channel estimation

Additional results using different assumptions are shown in Annex-D.  Results for ‘n=2’ are given and show a significant improvement in edge user throughput from 1.9x to 2.6x over HSDPA for the 2x2 Case 1 scenario.  Non-ideal channel estimation for data with 3 RS results in about a 5-6% throughput loss.  With explicit control channel modeling alone the loss is negligible if n=3 and about 2-3% for n=2 but the loss is smaller than the data throughput gain (e.g. 1.9x to 2.6x edge throughput increase over HSDPA by using n=2 instead of n=3) for the deployment cases considered (1, 3).  The total throughput loss from control channel modeling and non-ideal channel estimation is about 8% for Case 1 and about 10% for Case 3.  
7. Conclusion

In this contribution, we presented system simulation results for E-UTRA downlink.  The following conclusions are drawn:

a. With LTE DL using MMSE SIC receiver and with 4x2 closed loop MIMO a sector throughput and edge user throughput gain of 2.6x and 2.1x over HSDPA can be achieved for n=3 baseline case. 
b. For n=2 case (i.e. two OFDM symbols are used for L1/L2 control) sector and edge user throughput gains of up to 2.8x & 2.5x for 2x2 and 3.2x & 2.6x for 4x2 over HSDPA respectively were achieved compared to 2.7x & 1.9x for 2x2 and 3.2x & 1.9x for 4x2 for the n=3 case.
c. The performance of LTE DL can be further enhanced using a non-linear MLSE receiver and interference mitigation/avoidance techniques.
d. Case 2 results will be provided later. 
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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 @ 2GHz

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 0.9GHz

	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  
	20/10 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [3] SCM-C (Urban Macro, high spread [2])

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  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

	Number of users for full queue traffic model
	10

	AMC
	ON  (2/3<MCS<4.8) , 16 Levels

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

	OFDM symbols per subframe
	14 (Total)

	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, 2x2, and 4x2

2x2/4x2 represents use of  closed-loop MIMO

	Other Cell interference
	Explicitly modeled

	Channel estimation
	Explicitly modeled for Data and Control Channels

	DL Control Channels 
	Explicitly modeled as per [4] with max n=3 (baseline).  Non-baseline cases used n=2.
Control Channels used 1x2 antenna configuration.

2 RS used for CCH channel estimation by occupying Antenna 1,2 locations in OFDM symbols 1 for Data 1x2 case and Antennas 1,2, 3, 4 locations in OFDM symbols 1 and 2 for Data 2x2 case.

	DL Reference Signal Structure
	As per [4]

	Resource Block (RB) size 
	12 sub carrier over 11 symbols

	CQI Bin Bandwidth
	2 RB

	Maximum number of users scheduled per sub-frame
	DL:10 (or 8) for 10 MHz, DL:2 for 1.25 MHz

	Link to system interface
	Refer R1-061626 [5]


ANNEX B – Precoding Matrix
Table B1.  Codebook for Closed Loop MIMO


[image: image12.emf]Number of  antenna  ports  Transmission  rank  Codebook  
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For the four antenna case, we used a size 16 codebook of rank one or two according to [6]. The rank 2 codebook is actually generated from the rank 1 codebook. This later codebook is specified as a function of the Householder transformation matrix of the rank 1 codebook.  

ANNEX C – Control Channel Coverage CDF, Fairness Plot, C/I curves
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Figure 1 - Fairness performance for E-UTRA: case 1 with closed-loop MIMO
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Figure 2 - Control channel error rate for 1x2: case 1 for Data using closed-loop MIMO, n=3
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Fairness results for E-UTRA with closed-loop MIMO: Case 3
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Figure 3 - Fairness performance for E-UTRA: case 3 with closed-loop MIMO
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Figure 4 - Control channel error rate for 1x2: case 3 for Data using closed-loop MIMO, n=3
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Figure 5 - Fairness performance for E-UTRA: case 4 with closed-loop MIMO
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Figure 6. E-UTRA downlink C/I distribution for Case 3 (1732m ISD, 20 dB PL, 10MHz, 40 Watts).
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Figure 7 - E-UTRA downlink C/I distribution for Case 1 (500 m ISD, 20 dB PL, 10MHz)
ANNEX C (Hull Curves)

Refer R1-061626 [5] for EESM mapping information and QPSK and 16QAM AWGN link curves. 64-QAM AWGN link curves are given below.
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Figure 8 – 64 QAM R=1/3
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Figure 9 – 64 QAM R=1/2
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Figure 10 – 64 QAM R=2/3
ANNEX D (Additional Results)
n=2, 5ms CQI reporting interval, MIMO
Table 12 - Sector Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image23.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.75 2.7 x 2.00 3.0 x

3 0.683 1.64 2.4 x 1.87 2.7 x

E-UTRA


Table 13 - Average UE Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image24.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.175 2.7 x 0.200 3.0 x

3 0.068 0.164 2.4 x 0.187 2.7 x

E-UTRA


Table 14 - 5%-tile UE Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image25.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.063 2.6 x 0.064 2.7 x

3 0.023 0.049 2.1 x 0.050 2.2 x

E-UTRA


n=2, 5ms CQI reporting interval, MIMO+SIC
Table 15 - Sector Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image26.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.87 2.8 x 2.11 3.2 x

3 0.683 1.75 2.6 x 1.96 2.9 x

E-UTRA


Table 16 - Average UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image27.emf]case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.187 2.8 x 0.211 3.2 x

3 0.068 0.175 2.6 x 0.196 2.9 x


Table 17 - 5%-tile UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image28.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.061 2.5 x 0.063 2.6 x

3 0.023 0.049 2.1 x 0.046 2.0 x

E-UTRA


n=2, 2ms CQI reporting interval, MIMO

Table 18 - Sector Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image29.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.78 2.7 x 1.99 3.0 x

3 0.683 1.67 2.4 x 1.91 2.8 x

E-UTRA


Table 19 - Average UE Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image30.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.179 2.7 x 0.200 3.0 x

3 0.068 0.167 2.5 x 0.187 2.8 x

E-UTRA


Table 20 - 5%-tile UE Throughput for E-UTRA with Closed-loop MIMO vs. HSDPA (Type I)


[image: image31.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.064 2.7 x 0.064 2.7 x

3 0.023 0.051 2.2 x 0.052 2.3 x

E-UTRA


n=2, 2ms CQI reporting interval, MIMO+SIC

Table 21 - Sector Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image32.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 1.91 2.9 x 2.16 3.3 x

3 0.683 1.78 2.6 x 2.02 3.0 x

E-UTRA


Table 22 - Average UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image33.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.191 2.9 x 0.216 3.3 x

3 0.068 0.177 2.6 x 0.201 3.0 x

E-UTRA


Table 23 - 5%-tile UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image34.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.063 2.6 x 0.065 2.7 x

3 0.023 0.049 2.1 x 0.050 2.2 x

E-UTRA


n=2, 2ms CQI reporting interval, Ideal CQI & Chest, MIMO+SIC

Table 21 - Sector Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image35.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.658 2.21 3.4 x 2.52 3.8 x

E-UTRA


Table 22 - Average UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image36.emf]case (bps/Hz) 2x2 gain 4x2 gain

1 0.066 0.221 3.3 x 0.252 3.8 x


Table 23 - 5%-tile UE Throughput for E-UTRA with Closed-loop MIMO+SIC vs. HSDPA (Type I)


[image: image37.emf]Simulation HSDPA

case (bps/Hz) 2x2 gain 4x2 gain

1 0.024 0.072 3.0 x 0.082 3.4 x

E-UTRA
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Figure 11 - Control channel error rate for 1x2: case 1, n=2, for Data using 1x2 and CL MIMO
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Figure 12 - Control channel error rate for 1x2: case 3, n=2,  for Data using 1x2 and CL MIMO
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Figure 13 – L1/L2 Control Channel AWGN Curve for 48-bit payload (including 16-bit CRC) used for EESM LEP technique along with other curves showing impact of channel estimation for 6dB geometry (example) as well as other long term and short term FER curves.
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Figure 14 – Case 1: LTE vs HSDPA Type I Spectral Efficiency and 5%-ile User Throughput
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Figure 15 – Case 3: LTE vs HSDPA Type I Spectral Efficiency and 5%-ile User Throughput
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