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1. Introduction

This paper presents results on the ability of LTE to fulfill the LTE-Advanced spectral efficiency targets [1]. The results indicate that LTE configurations similar to those used to fulfill the ITU requirements [2] also reach the 3GPP targets. 
2. The 3GPP Targets and LTE Performance
A summary of the 3GPP LTE-Advanced spectral efficiency targets (dashed line) and LTE performance is presented in Figure 1. There are different targets for different antenna configurations, and for downlink and uplink. The targets increase with the number of transmit and receive antennas. It is seen that the targets are reached in both downlink and uplink, and for all antenna configurations. 

To accomplish this, in the downlink an LTE configuration with MU-MIMO with coordination within sites has been used. This scheme is supported by LTE rel. 8 with no or small modifications. The CSI availability is limited to long-term, wideband transmit channel covariance matrices, which are assumed to be possible to estimate based on uplink measurements [4]. To reduce overhead MBSFN subframes have been used. It is assumed that these support a control region of 3 symbols, which is a minor update to LTE release 8. The same scheme is used for all antenna configurations. Compared to the 2x2 configuration, the 4x2 configuration yields better results through enabling more narrow beams, and thereby better received signal quality and/or higher degrees of spatial multiplexing. The 4x4 case obviously yields better results than the 4x2 case because of the four-antenna receiver. In the uplink SIMO (without MU-MIMO) is used for the 1x2 antenna configuration. In the 2x4 case, SU-MIMO (without MU-MIMO) is used. Gains over the 1x2 configuration are explained by the higher number of receive antennas and spatial multiplexing. Detailed performance results, models and assumptions are provided in appendices.
3. Conclusions

LTE reaches the 3GPP LTE-Advanced spectral efficiency targets. Enabling techniques (beyond rel 8) are:
· MU-MIMO with coordinated beamforming (within site) for the downlink 
· SU-MIMO for the uplink
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Figure 1. Downlink (left) and uplink (right) cell spectral efficiency and cell-edge user spectral efficiency.
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A. Models and Assumptions

Models and assumptions are aligned with the guidelines provided by 3GPP in TR 36.814 [2]. In addition to these, a set of system models specific for the LTE configurations evaluated are used,. These are summarized in Table 1.
The downlink overhead is calculated according to Table 2. Results are typically presented for a control region size of L=3. With L=2 or L=1 a spectral efficiency gain of 7-20% is achieved, see Table 2 for details. Uplink overhead is calculated according to Table 3.

Table 1. Models and assumptions beyond the IMT-Advanced Guidelines
	Parameter
	Value

	Duplex method 
	FDD

TDD: 5 subframes period, 2 subframes DL, 2 subframes UL, DwPTS 12, GP 1, UpPTS 1 

	Bandwidth
	10 MHz DL + 10 MHz UL for FDD, 10 MHz for TDD, double bandwidth for InH
Note: 90% of nominal bandwidth occupied by subcarriers 

	Scheduler
	DL: Proportional Fair in Time and Frequency
UL: Quality-based Frequency Domain Multiplexing

	Downlink transmission scheme 
	MU-MIMO / coordinated beamforming 
Single stream per user, SDMA between users (MU-MIMO) 

	Uplink transmission scheme
	1x2 SIMO, 2x4 SU-MIMO 

	Receiver type
	MMSE with intercell interference suppression capabilities in DL and UL

	Uplink Power control
	Open loop with fractional pathloss compensation (=0.8). 

	HARQ scheme
	Incremental redundancy, synchronous, adaptive

	Network synchronization
	Synchronized, not explicitly utilized other than for avoiding UE-UE and BS-BS interference for TDD 

	Link adaptation
	Non-ideal, based on delayed feedback

	Antenna configuration
base station
	a) Uncorrelated co-polarized (Used for InH DL/UL and UMi DL baseline):
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)

c) Correlated: co-polarized: 
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )

	Antenna configuration UE
	Vertically polarized antennas
0.5 wavelengths separation at UE

	Channel estimation
	Non-ideal channel estimation 

Non-ideal Channel Quality Indication (CQI), CQI Error per RB is N(0,1)dB in DL, error free in UL. 
DL CQI parameters
6ms delay 
5ms reporting period

UL Quality monitoring 
6ms TCH  
20ms sounding period

	Feedback channel errors
	Error-free, but quantized and delayed. 

	Control Channel Overhead, Acknowledgements etc. 
	See Table 2 and Table 3


Table 2. Downlink overhead assumptions.
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L

1 2 3 1 2 3

N RE tot 84 000 84 000 84 000 84 000 84 000 84 000

Npdcch 6 000 12 000 18 000 6 000 12 000 18 000

Ncrs 10 000 8 000 8 000 1 200 1 200 1 200

Nuers 0 0 0 6 000 6 000 6 000

CSIrs 0 0 0 400 400 400

Npbch 240 240 240 240 240 240

Nsch 288 288 288 288 288 288

Nguard 0 0 0 0 0 0

N_RE_non-data 16 528 20 528 26 528 14 128 20 128 26 128

Relative OH 0,197 0,244 0,316 0,168 0,240 0,311

Gain v L=3 1,174 1,104 1,000 1,207 1,104 1,000

Assumptions

Nrb 50 50 50 50 50 50

Nmbsfn 0 0 0 6 6 6

Nregular 10 10 10 4 4 4

NantCRS 4 4 4 1 1 1

Ncrsperchunk 20 16 16 6 6 6

TDD

L

1 2 3 1 2 3

N RE tot 97 200 97 200 97 200 97 200 97 200 97 200

Npdcch 7 200 14 400 19 200 7 200 14 400 19 200

Ncrs 12 000 9 600 9 600 2 400 2 400 2 400

Nuers 0 0 0 6 600 6 600 6 600

CSIrs 0 0 0 400 400 400

Npbch 240 240 240 240 240 240

Nsch 288 288 288 288 288 288

Nguard 1 200 1 200 1 200 1 200 1 200 1 200

N_RE_non-data 20 928 25 728 30 528 18 328 25 528 30 328

Relative OH 0,215 0,265 0,314 0,189 0,263 0,312

Gain v L=3 1,144 1,072 1,000 1,179 1,072 1,000

Assumptions

Nrb 100 100 100 100 100 100

Nmbsfn 0 0 0 4 4 4

Nregular 10 10 10 6 6 6

NantCRS 4 4 4 1 1 1

Ncrsperchunk 20 16 16 6 6 6

CRS (rel 8 baseline) UERS (MU-MIMO/coordinated BF)

CRS UERS


Table 3. Uplink overhead assumptions.
[image: image4.emf]Nrb 50 100 100 200

Mpucch

4 4 4 4

N RE tot 84 000 168 000 70 800 141 600

Npucch 6 720 6 720 2 688 2 688

Ndrs 11 040 23 040 9 216 18 816

Nsrs 552 1 152 1 152 2 352

Nprach 864 864 864 864

Nguard + UpPTS 0 0 3 600 7 200

N_RE_non-data 19 176 31 776 17 520 31 920

Relative OH 0,228 0,189 0,247 0,225

Assumptions

NframesUL 10 10 4 4

UpPTS 0 0 1 1

GP 0 0 1 1

FDD TDD


B. Downlink Spectral Efficiency

To reach the downlink targets, an LTE setup with coordinated beamforming has been evaluated. A correlated BS antenna setup is used. Spatial domain multiplexing is used between users (MU-MIMO), whereas individual users are allocated one single stream. The scheme relies on UE-specific reference signals, and knowledge of transmit covariance matrices at the base stations. 

Results for the different antenna configuration 2x2, 4x2, and 4x4 are presented in Figure 2. It is seen that the ITU targets are reached in both scenarios, even with the highest overhead assumption (L=3). 
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Figure 2. Downlink cell spectral efficiency and cell-edge user spectral efficiency (left), and user throughput distributions (right), L=3. 
C. Uplink Spectral Efficiency

Figure 3 shows cell- and cell-edge-user spectral efficiency results as well as full distributions of uplink user throughput. The dashed lines represent the 3GPP targets. It is seen that all targets are reached. For the 1x2 configuration SIMO is used, whereas for the 2x4 configuration SU-MIMO is used.
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Figure 3. Uplink cell spectral efficiency and cell-edge user spectral efficiency (left), and user throughput distributions (right).

