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1. Introduction

This paper evaluates the downlink performance as part of the LTE performance verification [1]. 

E-UTRA targets high user throughput and spectrum efficiency ‎[2]. More specifically, as compared to a UTRA baseline configuration according to [2], the downlink targets are: 3-4 times higher average user throughput, 2-3 times higher cell-edge user throughput, and 3-4 times higher spectrum efficiency. 
2. Models and Assumptions

Performance is evaluated by means of time-dynamic multi-cell system simulations. Models and assumptions are aligned with [1] and [3], and presented in Appendix A. Two deployments have been simulated, Case1 and Case 3.
3. Results

The simulation results for Case1 are summarized in Table 1. The E-UTRA 2x2 baseline results fall within the target range, both in terms of user throughput and spectrum efficiency. It can be seen that the E-UTRA 4x4 configuration provides significant additional gains. The targets are also reached for deployment Case3 as shown in Table 2. Additional performance metrics, together with results for the 1x2 Round-Robin calibration case, are shown in Figure 2 to Figure 7. 
Table 1 Downlink full queue system evaluation for Case 1 (ISD 500m)
	Metric
	2a) Avg cell throughput [Mbps] and spectrum efficiency [bps/Hz/sector] 
(x UTRA Baseline)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	UTRA Baseline 5MHz
(no MIMO, no 64QAM, no advanced Rx)
	2.11 Mbps
0.422 bps/Hz/cell (x1.0)
	0.211 Mbps, 
0.0422 bps/Hz/user (x1.0)
	0.0640 Mbps,
0.0128 bps/Hz/user (x1.0)

	E-UTRA baseline 
2x2 SU-MIMO
	15.8 Mbps 
1.58 bps/Hz/cell  (x3.7)
	1.58 Mbps, 
0.158 bps/Hz/user (x3.7)
	0.35 Mbps, 
0.035 bps/Hz/user (x2.7)

	E-UTRA enhanced 4x4 SU-MIMO
	30.4 Mbps 
3.04 bps/Hz/cell  (x7.2)
	3.04 Mbps, 
0.304 bps/Hz/user (x7.2)
	0.470 Mbps, 
0.047 bps/Hz/user (x3.7)


Table 2 Downlink full queue system evaluation for Case 3 (ISD 1732m)
	Metric
	2a) Avg cell throughput and spectrum efficiency (x UTRA Baseline)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	UTRA Baseline 5MHz
(no MIMO, no 64QAM, no advanced Rx)
	1.97 Mbps
0.393 bps/Hz/cell (x1.0)
	0.197 Mbps, 
0.0393 bps/Hz/user (x1.0)
	0.0525 Mbps,
0.0105 bps/Hz/user (x1.0)

	E-UTRA baseline 
2x2 SU-MIMO
	14.1 Mbps 
1.41 bps/Hz/cell  (x3.6)
	1.41 Mbps, 
0.141 bps/Hz/user (x3.6)
	0.30 Mbps, 
0.030 bps/Hz/user (x2.9)


4. Conclusions

The presented results show that the targets on downlink user throughput and spectrum efficiency of ‎[1] can be reached. The results are summarized in Figure 1.
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Figure 1. Summary of downlink results for E-UTRA performance checkpoint.
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E-UTRA 1x2 RR mc/mu/ce 1.11/0.111/0.029 bps/Hz

E-UTRA 2x2 Baseline mc/mu/ce 1.58/0.158/0.035 bps/Hz

E-UTRA 4x4 Enhanced mc/mu/ce 3.04/0.304/0.047 bps/Hz

UTRA Baseline  mc/mu/ce 0.422/0.0422/0.0128 bps/Hz

3GPP target           1.265/0.1265/0.0255


Figure 2. Downlink normalized user throughput CDF (Metric 2d). Case 1 (ISD=500m).
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Figure 3. Downlink user throughput CDF normalized by the average user throughput (Metric 2d). Case 1 (ISD=500m). 
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E-UTRA 2x2 Baseline mc/mu/ce 1.41/0.141/0.030 bps/Hz

UTRA Baseline  mc/mu/ce 0.393/0.0393/0.0105 bps/Hz

3GPP target           1.179/0.1179/0.0209


Figure 4. Downlink normalized user throughput CDF (Metric 2d). Case 3 (ISD=1732m).
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Figure 5. Downlink user throughput CDF normalized by the average user throughput (Metric 2d). Case 3 (ISD=1732m). 
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Figure 6. Downlink geometry distribution (Metric 2e).
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Figure 7. Link level results used in system simulator; normalized throughput v SNR for AWGN channel.
A. Models and Assumptions

The models and assumptions used in the evaluations are aligned with [1] and [3], and presented in the following tables. These tables are based on [3]. In cases alternative models or parameters are allowed, the selected parameter is highlighted using blue and bold font.

In addition to using the below models, full buffer traffic and an average of 10 users per cells are also assumed.

Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set (case 2 and 4 not covered)

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

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

	1
	2.0
	500
	10
	20
	3

	3
	2.0
	1732
	10
	20
	3


Table A.2.1.1-3 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Inter-site distance
	See Table A.2.1.1-1

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

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	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  
	See Table A2.1.1-1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1

	Channel model
	Spatial Channel Model (SCM)  Urban Macro high spread

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	UE power class
	24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling, 

DL: Explicit modelling 

	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 


Table A.2.1.5-1 –Reference UTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	Performance Type 1 (Rx Diversity)

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi

	Noise Figure
	9dB

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

	HSUPA UE Capability Category
	CC6: 2Mbps TTI=10ms 

	Multicast
	S-CCPCH soft combining for multicast


Table A.2.1.6-1 – Reference EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	2 Antennas

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB

	MIMO
	support for 2x2 downlink MIMO

	Peak to Average/Cubic Metric
	Should be specified based on MA used


Table A.2.1.7-1 – 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 simulated

	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
	Explicitly modeled

	DL DPCH (F-DPCCH or Assoc.)
	Explicitly modeled


Table A.2.1.8-1 EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi 

	Pilot channel overhead 
	According to current 36.211

	Control channel overhead


	Downlink: L=3
Uplink: 8 RBs for L1/L2 CCH


Additional Downlink Models and Assumptions
	Topic
	Aligned Value(s) - baseline for simulation

	Basic transmission scheme
	According to 36.211

	TTI length
	1.0 ms

	Basic modulation
	QPSK, 16QAM, 64QAM

	Resource block definition
	Localized, 12 subcarriers 

	Data multiplexing (using LRB and DRB in same TTI)
	Only LRB used

	Downlink reference signal structure
	According to 36.211

	Data Channel coding
	Release 6 turbo coding 

	MIMO and transmit diversity
	For calibration purposes: 1x2

E-UTRA baseline: 2 Tx codebook for SU-MIMO according to 36.211, 10 lambda antenna spacing at eNodeB and 0.5 lambda at UE, SIC receiver
E-UTRA enhanced: 4 Tx using PARC, 10 lambda antenna spacing at eNodeB and 0.5 lambda at UE, SIC receiver

	Scheduling
	E-UTRA: PF in time and frequency domain
For calibration purposes:  RR in time domain
MCS table and details on link-to-system interface including link-level curves are presented; see Figure 7 and Figure 8. 
UTRA: PF in time.

	Link adaptation
	Per user and stream time-domain adaptation only
Fixed power allocation

	CQI reporting
	E-UTRA: Time interval: every 5 ms, with 2 ms delay, CQI bin bandwidth: 2 RBs. CQI measurement error: Log-Normal with 1dB standard deviation.
UTRA: Time interval: every 4 ms, with 4 ms delay, CQI measurement error: Log-Normal with 1dB standard deviation.

	H-ARQ
	Asynchronous/adaptive 

	Power Control
	Fixed power for data
Power control for control signaling - not considered explicitly in system simulations

	Inter-cell interference randomisation
	Scrambling implicitly included (no impact on system simulations) 

	Inter-cell interference cancellation
	Interference Rejection Combining at UE

	Inter-cell interference co-ordination
	Reuse 1, not inter-cell coordination

	Inter-node B synchronisation
	Unicast: unsynchronised (not relying on methods that exploit synchronisation)

	Control signalling
	Overhead for RS and L1/L2 CCH with L=3* deducted


* preliminary investigations indicate that L=1 or 2 (depending on scheduling strategy) would be sufficient for 10 downlink and 10 uplink users in Case 1. L=1 and 2 would give 20% and 10% higher capacity, respectively. However, as the L1/L2 CCH details are not yet finalized, the baseline assumption of L=3 is used here. 
Link performance with ideal and realistic channel estimation is presented in Figure 9. It is seen that with 2x2 MIMO, for the SCM Urban Macro (SCM-C) channel, a difference in the order of 0.5-1.0dB is achieved. In the system level evaluations, ideal channel estimation is assumed for both UTRA and E-UTRA.
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Figure 8. Link simulation results for 2x2 SU-MIMO. Channel model SCM-C at 3km/h.
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