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Introduction

In the RAN WG4 LTE Simulation Telco#1 held 3rd April 2006 it was decided that radio modem performance will be modelled using a look up table of throughput vs. SNIR. It was also suggested that all companies should use the same baseline model in order to align simulation results. Nortel proposed that an attenuated and truncated form of the Shannon bound could be used as a simple approximation to the LTE modem with link adaptation.  After an initial proposal and subsequent discussions on the LTE email reflector, parameter values for the truncation and attenuation were agreed. This document provides the resulting text proposal for inclusion in the E-UTRA RF system scenarios technical report for RAN4 approval.
Text proposal

Annex <A> (informative):
Link Level Performance Model
A.1
Description

Annex A.2 provides detail on how the baseline throughput curves are derived. It shows that the throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNR). The following equations approximate the throughput over a channel with a given SNR, when using link adaptation: 
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Where:
S(SNIR) is the Shannon bound: 
S(SNIR) = log2(1+SNIR)  bps/Hz
(



Attenuation factor, representing implementation losses
SNRMIN  

Minimum SNIR of the codeset, dB
ThrMAX 

Maximum throughput of the codeset, bps/Hz
SNIRMAX  
SNIR at which max throughput is reached S-1(ThrMAX), dB
The parameters α, SNRMIN and THRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 1 represent a baseline case, which assumes: 
· 1:2 antenna configurations

· Typical Urban fast fading channel model (10kmph DL, 3kmph UL) 

· Link Adaptation (see table 1 for details of highest and lowest rate codes)

· Channel prediction

· HARQ
	Parameter
	DL
	UL
	Notes

	α, attenuation 
	0.6
	0.4
	Represents implementation losses

	SNIRMIN, dB
	-10
	-10
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL)

	ThruMAX, bps/Hz
	4.4
	2.0
	Based on 64QAM 4/5 (DL) & 16QAM 3/4 (UL)


Table A.1 Parameters describing baseline Link Level performance for LTE Co-existence simulations
Table A.1 shows parameters proposed for the baseline LTE DL and UL. Table A.2 shows the resulting look up table, which is plotted in Figure A.1. Table A.2 gives throughput in terms of spectral efficiency (bps per Hz), and per 375khz Resource Block (RB), in kbps.
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Figure A.1 Throughput vs SNR for Baseline LTE Coexistence Studies
	 
	Throughput
	
	 
	Throughput

	SNIR
	bps/Hz
	kbps per 375kHz RB
	
	SNIR
	bps/Hz
	kbps per 375kHz RB

	dB
	DL
	UL
	DL
	UL
	
	dB
	DL
	UL
	DL
	UL

	-15
	0
	0
	0
	0
	 
	6
	1.39
	0.93
	521
	347

	-14
	0
	0
	0
	0
	 
	7
	1.55
	1.04
	582
	388

	-13
	0
	0
	0
	0
	 
	8
	1.72
	1.15
	646
	430

	-12
	0
	0
	0
	0
	 
	9
	1.90
	1.26
	711
	474

	-11
	0
	0
	0
	0
	 
	10
	2.08
	1.38
	778
	519

	-10
	0.08
	0.06
	31
	21
	 
	11
	2.26
	1.51
	847
	565

	-9
	0.10
	0.07
	38
	26
	 
	12
	2.44
	1.63
	917
	611

	-8
	0.13
	0.08
	48
	32
	 
	13
	2.63
	1.76
	988
	658

	-7
	0.16
	0.10
	59
	39
	 
	14
	2.82
	1.88
	1059
	706

	-6
	0.19
	0.13
	73
	48
	 
	15
	3.02
	2.00
	1131
	750

	-5
	0.24
	0.16
	89
	59
	 
	16
	3.21
	2.00
	1204
	750

	-4
	0.29
	0.19
	109
	73
	 
	17
	3.41
	2.00
	1277
	750

	-3
	0.35
	0.23
	132
	88
	 
	18
	3.60
	2.00
	1350
	750

	-2
	0.42
	0.28
	159
	106
	 
	19
	3.80
	2.00
	1424
	750

	-1
	0.51
	0.34
	190
	127
	 
	20
	3.99
	2.00
	1498
	750

	0
	0.60
	0.40
	225
	150
	 
	21
	4.19
	2.00
	1572
	750

	1
	0.71
	0.47
	265
	176
	 
	22
	4.39
	2.00
	1646
	750

	2
	0.82
	0.55
	308
	206
	 
	23
	4.40
	2.00
	1650
	750

	3
	0.95
	0.63
	356
	237
	
	24
	4.40
	2.00
	1650
	750

	4
	1.09
	0.72
	408
	272
	
	25
	4.40
	2.00
	1650
	750

	5
	1.23
	0.82
	463
	309
	
	
	
	
	
	


Table A.2 Look-Up-Table of UL and DL Throughput vs SNIR for Baseline LTE Coexistence Studies

A.2
Modelling of Link Adaptation 
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Figure A.3 Coding and Modulation for Transmission of data over a radio link

Figure A.3 shows a radio transmitter and receiver. The throughput over a radio link is the number of data bits that can be successfully transmitted per modulation symbol. Coding (more specifically, Forward Error Correction) adds redundant bits to the data bits which can correct errors in the received bits. The degree of coding is determined by its rate, the proportion of data bits to coded bits. This typically varies from 1/8th to 4/5ths. Coded bits are then converted into modulation symbols. The order of the modulation determines the number coded bits that can be transmitted per modulation symbol. Typical examples are QPSK and 16 QAM, which have 2 and 4 bits per modulation symbol, respectively.
The maximum throughput of a given MCS (Modulation and Coding Scheme) is the product of the rate and the number of bits per modulation symbol. Throughput has units of data bits per modulation symbol. This is commonly normalised to a channel of unity bandwidth, which carries one symbol per second. The units of throughput then become bits per second, per Hz. 

A given MCS requires a certain SNIR (measured at the rx antenna) to operate with an acceptably low BER (Bit Error Rate) in the output data. An MCS with a higher throughput needs a higher SNIR to operate. AMC (Adaptive Modulation and Coding) works by measuring and feeding back the channel SNIR to the transmitter, which then chooses a suitable MCS from a ‘codeset’ to maximise throughput at that SNIR. A codeset contains many MCS’s and is designed to cover a range of SNRs. An example of a codeset is shown in Figure 2. Each MCS in the codeset has the highest throughput for a 1-2dB range of SNIR.
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Figure A.4 Throughput of a set of Coding and Modulation Combinations, AWGN channels assumed

Figure A.4 also shows the Shannon bound, which represents the maximum theoretical throughput that can be achieved over an AWGN channel with a given SNR. The example AMC system achieves around 0.75x the throughput of the Shannon bound, over the range of SNR which it operates. We can approximate the performance of AMC with an attenuated and truncated form of the Shannon bound as shown in Figure A.5. 
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Figure A.5 Approximating AMC With an Attenuated and Truncated form of the Shannon Bound

The following equations approximate the throughput over a channel with a given SNR, when using AMC: 
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Where:

S(SNIR) is the Shannon bound: 
S(SNIR) = log2(1+SNIR) 

(



Attenuation factor (0.75 for the example codeset)
SNRMIN  

Minimum SNIR of the codeset (-6.5dB for the example codeset)
ThrMAX 

Maximum throughput (4.8 bit/sec/Hz for the example codeset)
SNIRMAX  
SNIR at which max throughput is reached S-1(ThrMAX)  (17dB for the example codeset)
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