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1. Introduction

In this contribution we present LTE-Advanced performance results for 3GPP macro cell case #1, as part of the assessment against the targets listed in 3GPP TR 36.913 (also summarized here in Table 1). The simulation assumptions are according to TR 36.814, and additional parameter settings are summarized in Annex A, Table 6 (downlink) and Table 7 (uplink).
Table 1 Spectral efficiency targets for LTE-Advanced in 10 MHz system bandwidth.

	
	Antenna configuration
	Spectral efficiency [bps/Hz/cell]
	Cell-edge performance [bps/Hz/user]

	Uplink
	1x2
	1.2
	0.04

	
	2x4
	2.0
	0.07

	Downlink
	2x2
	2.4
	0.07

	
	4x2
	2.6
	0.09

	
	4x4
	3.7
	0.12


2. Downlink performance results
The downlink performance results are summarized in Table 2 and Table 3 for FDD and TDD, respectively. The results for Rel’8 type of SU-MIMO with rank adaptation. IRC receiver is assumed at the UE for cases where single-stream fall-back mode is used. The results are optimized in the sense that eNB outer loop link adaptation applied for controlling the first transmission BLER target to obtain the best performance. A 5% first transmission BLER target is used. Comparing the results in Table 2 and Table 3 against the targets in Table 1, we conclude that all the 3GPP downlink targets are met using Rel’8 SU-MIMO for both FDD and TDD. As an example, similar conclusions are drawn in [2].
Table 2 Summary of FDD downlink performance results for various configurations.
	Configuration
	Average spectral 
efficiency [bps/Hz/cell]
	Cell-edge performance
 [bps/Hz/user]

	2x2 
	2.47
	0.10

	4x2 
	2.63
	0.10

	4x4 
	3.72
	0.15


Table 3 Summary of TDD downlink performance results for various configurations.
	Configuration
	Average spectral 
efficiency [bps/Hz/cell]
	Cell-edge performance
 [bps/Hz/user]

	2x2 
	2.42
	0.08

	4x2 
	2.63
	0.09

	4x4 
	3.70
	0.13


3. Uplink performance results
In this section we present the corresponding uplink performance results. The results are obtained using proportional fair type of scheduling. For the uplink power control (PC) we use a combination of open loop and closed loop, where the path loss to the interfering cell also is taken into account. The latter is referred to as interference based PC (IBPC), and details of this scheme are further described in Annex B. The IBPC scheme is similar to the PC scheme used in [3]. The eNB receiver type SIC receiver, following the system level modelling as outlined in Annex C.

Comparing the results in Table 4 and Table 5 against the targets in Table 1, we conclude that all the 3GPP uplink targets are met. The 2x4 target can be fulfilled with 1x4 MU-MIMO.
Table 4 Summary of uplink FDD performance results for various configurations.
	Configuration
	Average spectral 
efficiency [bps/Hz/cell]
	Cell-edge performance
 [bps/Hz/user]
	IoT

	1x2 SIC
	1.51
	0.05
	6.7

	1x4 MU-MIMO with SIC
	2.40
	0.08
	6.7


Table 5 Summary of uplink TDD performance results for various configurations.
	Configuration
	Average spectral 
efficiency [bps/Hz/cell]
	Cell-edge performance
 [bps/Hz/user]
	IoT

	1x2 SIC
	1.25
	0.04
	4.9

	1x4 MU-MIMO with SIC
	2.09
	0.07
	4.2


4. Concluding remarks
In this contribution we have presented a set of downlink and uplink performance from 3GPP macro case #1. The presented results are above the corresponding LTE-Advanced targets for both for FDD and TDD. Thus, it is concluded that the spectral efficiency targets for 3GPP macro case #1 are fulfilled.
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Annex A: Summary of Default Parameter Settings
Table 6 Default assumptions for the downlink simulations.
	Description
	Setting

	System bandwidth
	10 MHz

	eNB antenna 
	3-Dimensional antenna pattern according to TR 36.814, with default tilt of 15 degrees.

	Max C/I limit at receiver
	25 dB

	Modulation & coding schemes
	QPSK r = 1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6, 7/8, 9/10 
Effect of channel estimation included in the link-2-system mapping, assuming 2-D Wiener channel estimation.

	CQI and PMI settings
	3-PRB sub-band resolution. 
Zero mean Gaussian error with 1 dB SINR std for CQI. Quantized to 4-bits, i.e. 1.6 dB SINR resolutions.
PMI code-books according to TS36.213.
2 ms reporting interval.
6 ms reporting delay.

	DL L1/L2 control channel overhead
	3 OFDM symbols per TTI

	RS overhead
	According to 36.211, i.e. approximately;
4.5% for 1-Tx antenna, 9.0 % for 2-Tx antennas, 12% for 4-Tx antennas.

	eNode-B Tx power
	46 dBm (10 MHz)

	HARQ
	8 SAW channels.
Asynchronous and adaptive. 
Chase combining.
Maximum 4 transmissions.
Delay on Ack/Nack’s: 6 TTIs.

	Frequency re-use
	Plain re-use one (equal power per PRB)

	SU-MIMO Adaptation
	Quasi-dynamic Rank adaptation with switching between single-stream and multi-stream per UE.

	MAC+CRC overhead
	Total overhead per code-word (transport block) equals 56 bits. Corresponding to 24 bit CRC + 32 bit MAC header. 

	Channel model
	SCM-C (see TR25.996)

	Packet scheduling
	Radio channel aware proportional fair scheduling.


Table 7 Default assumptions for the uplink simulations.
	Description
	Setting

	System bandwidth
	10 MHz

	eNB antenna 
	3-Dimensional antenna pattern according to TR 36.814, with tilt of 13 degrees.

	Max C/I limit at receiver
	17 dB

	Modulation & coding schemes
	QPSK, Turbo {1/10, 1/6, ¼, 1/3, ½, 2/3, 3/4}

16QAM, Turbo {1/2, 2/3, ¾, 5/6}

64QAM, Turbo {2/3, ¾, 5/6}
Effect of channel estimation included in the link-2-system mapping.

	PUCCH overhead
	4 PRBs 

	SRS overhead
	One symbol in every 10th subframe

	UE Tx power
	23 dBm

	Power control
	According to open loop formula in TS 36.213, plus the use of closed loop power corrections to follow the interference based PC as outlined in Annex B.

	Channel sounding measurements (SRS)
	Zero mean i.i.d. Gaussian measurement error with 1 dB standard deviation in the decibel SINR domain for each group of 2xPRBs. 4ms delay modeled from measurement until used for UL scheduling and link adaptation decisions.

	HARQ
	8 SAW channels.
Synchronous and non-adaptive. 
Chase combining.
Ack/Nack delays: 6 TTIs
Maximum 4 transmissions.

	Frequency re-use
	Plain re-use one (equal power per PRB)

	MAC+CRC overhead
	Total overhead per transport block equals 56 bits. Corresponding to 24 bit CRC + 32 bit MAC header. 

	Channel model
	SCM-C (see TR25.996)

	Packet scheduling
	Radio channel aware proportional fair scheduling.


Annex B: Uplink Interference Based PC (IBPC)
The Interference Based closed loop Power Control (IBPC) is a power control method for controlling the interference generated to the other cells. The basic idea is to adjust the users’ transmission power not only depending on the path loss to the serving base station, but also according to the amount of interference the users cause to the system:
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PGi is the linear path gain between the considered user and base station i.  Note that γ=0, = and I0 = P0 corresponds to setting the transmission power based on the standardized open loop power control formula.
The proposed power control method is implemented by sending closed loop power control commands after the open loop power control has applied the desired ( and P0 settings. The study assumes that cumulative commands are used, since they allow a wider power control range. The possible values for the closed loop correction are (PUSCH = [-1;0;1;3]. The overall (cumulative) power control correction can be expressed as:
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In the presented simulation analysis we assume P0 = -60 dBm, I0 = -159 dBm, =0.6, =0.2 and =0.8.
Annex C: SIC receiver modeling at system level
Modeling of the SIC receiver at system level follows approximately the same approach as previously presented in [4]. In the following, we provide a short summary of the general SIC modeling method.

[image: image4.wmf]SINR 

computation

SINR 

computation

symbol 

covariance 

matrix update

u

i

,

V

u

i

,

1

g

u

i

K

,

g

out

u

i

v

v

=

,

shared by all users

1

I

(.)

G

(.)

G

K

I

å

=

K

k

K

1

1

in

s

I

(.)

f

out

i,u

FER

FER

=

bank of      equalizers

compression

MCS LUT

shared by all users

end of iteration 

i

K


Figure 1 Block diagram for system level SIC receiver modelling.

The following notation is used:
· 
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 indicates turbo-SIC iteration depth. 
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 is the pairing user index.
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[image: image7.wmf]out

v

 is average symbol variance
· 
[image: image8.wmf](

)

1

1

1

1

,

,

,

,

,

-

=

=

-

u

i

t

p

i

i

u

t

p

u

t

p

h

q

g

x

, in which 
[image: image9.wmf][

]

u

t

p

LR

H

p

u

i

p

H

p

H

u

t

u

i

t

p

e

H

I

H

V

H

H

e

n

1

2

,

,

,

-

+

=

s

h

, 
[image: image10.wmf]p

H

 is channel response. 
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 is common covariance matrix.  
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. t indicates transmit antenna. p is PRB index indicator. 
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 SINR are compressed into a single SINR by using AMI equation 
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 is an adjust fact, equals 1. The formula can be simpied to 
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            Step 2: if multi-layer codeword, Read from the AMI LUT the associated K AMIs: 
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