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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The concept of Precoded EGPRS2 – PC EGPRS2 - DL has recently shown to provide significant performance gains for EGPRS2. Gains are expected both in interference and sensitivity limited scenarios, allowing significant increase to both data capacity and spectral efficiency for EGPRS2.

Performing precoding of EGPRS2 modulated data is expected to increase robustness of the system significantly while keeping the spectral properties of the signal intact.
1
Scope

The present document contains the results from the 3GPP study item on Signal Precoding Enhancements for EGPRS2 DL, SPEED.
The following is covered by the study:
· Objectives for the study
· Common assumptions to be used in the evaluation
· Technical work and performance evaluations based on the objectives
2
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].)

BMD
Blind Modulation Detection

CP
Cyclic Prefix

DAS
Downlink level A modulation and coding scheme

DBS
Downlink level B modulation and coding scheme

DFT
Discrete Fourier Transform

HSR
Higher Symbol Rate

MCS
Modulation and coding scheme

NSR
Normal Symbol Rate

PAR
Peak-to-Average Ratio

PC EGPRS2
Precoded EGPRS2

SPEED
Signal Precoding Enhancements for EGPRS2 DL

TSC
Training Sequence Code

USF
Uplink State Flag

4
Objectives
4.1
Performance Objectives
4.1.1
Improved EGPRS2 throughput
The introduction of Precoded EGPRS2, PC EGPRS2, shall improve data throughput performance as compared to realistic EGPRS2 performance.
4.2
Compatibility Objectives

4.2.1
Spectral properties

PC EGPRS2 shall obey the current spectral requirements of EGPRS2 DL[4].
4.2.2
Impact to legacy service

The impact of PC EGPRS2 on legacy services shall be kept at a minimum.
4.2.3
Implementation impact to base stations
The introduction of the precoder functionality in the base station transmitter should change BTS hardware as little as possible.

4.2.4
Implementation impact to mobile station
The introduction of the precoder functionality in the mobile station receiver should change MS hardware as little as possible.
5
Common assumptions for the evaluation
In the following sub-clauses common assumptions for the performance evaluation are listed
5.1 
Overall design principles

5.1.1
Precoder module
The Inverse Discrete Fourier Transform shall be used as precoder module.
5.1.2
Burst length

The length of the active part of the burst (including current tail symbols) of EGPRS2 shall be kept for PC EGPRS2, i.e.
- EGPRS2-A: 148 NSR symbols
- EGPRS2-B: 177 HSR symbols
5.1.3
Cyclic prefix

One cyclic prefix length, defined in duration of microseconds, is required. When applied on PCE2-A and PCE2-B this duration must be translated to CP lengths defined by normal and higher symbol rate symbols respectively.
5.1.4 
Positioning of training symbols
To enable easier detection of the precoded bursts only a single positioning vector of training symbols onto the burst for the respective EGPRS2 level will be applied, i.e. one for PC EGPRS2-A and one for PC EGPRS2-B.
5.1.5
Modulation and coding scheme
All channel coding definitions of EGPRS2 shall be kept intact with regards to payload size, channel coding and interleaving, except for the highest MCS of each set, i.e. DAS-12 and DBS-12 for EGPRS2-A and EGPRS2-B, where only the payload size is required to be kept.
In the following subclauses the new re-defined MCSs are referred to as DAS-12b and DBS-12b respectively.
5.1.5.1
Modulation scheme

In addition to the modulation schemes defined in [4] for EGPRS2, BPSK and 64QAM can be used for the mapping of bits onto modulation symbols in the burst.
The definition of the additional modulation schemes are shown in Figure 5.1.
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Figure 5.1 Modulation scheme definitions of BPSK and 64QAM.
5.1.5.1
Channel coding
For the re-definition of channel coding of DAS-12/DBS-12 the definitions in [1], sub-clause 5.1a.1.3 shall be used as baseline.
5.2 

Link parameters 
The following link level parameters are to be used as base line for the evaluation. Additional simulations assumptions may be used when deemed necessary.
Table 5.1 Link level simulation assumptions.
	Parameter
	Value

	Link direction
	Downlink

	Frequency band
	900MHz, 1900 MHz

	Interference modulation
	GMSK, Precoded modulation schemes

	MCSs
	DAS-5 - DAS-11, DAS-12b

DBS-5 - DBS11, DBS-12b.

	Impairments
	Typical TX and RX impairments.


[Editor’s note: It is discussed whether or not to use a common PA model for the evaluation.of spectrum impact in the investigation on PAR reduction, see 6.4]
Table 5.2 Link level simulation scenarios.
	Propagation

Conditions
	Test Scenario



	
	Sensitivity Limited
	Co. channel interference
	Adj. channel interference
	DTS-2

	Static
	X
	
	
	

	TU3noFH
	
	X
	X
	

	TU3iFH
	
	X
	X
	

	TU50noFH
	X
	X
	X
	X

	HT100noFH
	X
	
	
	

	RA250noFH
	X
	X
	X
	


5.3 

Evaluation output

When comparing EGPRS2 and PC EGPRS2 performance, as stated in subclause 7, each of the assumptions and test scenarios proposed in section 5.2 shall be considered. Ideal link adaptation throughput envelopes shall be used as baseline in the evaluation.
When evaluating the items of subclause 6, a subset of the listed assumptions in subclause 5.2, deemed as sufficient for the given evaluation, shall be used

Absolute performance figures are to be provided when comparing PC EGPRS2 and EGPRS2 performance.



[Editor’s note: Further assumptions can be added.]
6
Design and Evaluation
6.1
DAS-12b/DBS-12b
A re-definition of DAS-12 and DBS-12, DAS-12b for EGPRS2-A and DBS-12b for EGPRS2-B respectively is foreseen in order to optimize performance. The payload size of each MCS, i.e. 3x82 bytes and 4x74 bytes for DAS-12 and DBS-12 respectively are to be kept.
This sub-clause evaluates modifications in the MCS design and its impact on performance.

6.1.1 
…
6.2 
Burst format

6.2.1 
DFT length

The length of the Discrete Fourier Transform  - DFT – has a direct relation to the computational complexity and also the sub-carrier spacing, which will have impact on performance. 
This sub-clause evaluates different DFT sizes, both in terms of computational complexity and performance.
6.2.1.1 
…
6.2.2

CP length
A cyclic prefix is needed to mitigate the impact from channel time dispersion, on PC EGPRS2 performance.
This sub-clause evaluates different CP lengths.

6.2.2.1

…
6.2.3
TSC symbol position

This sub-clause evaluates different positioning of the training symbols for improved performance.
6.2.3.1 
…

6.2.4
Mapping of block fields

The optimal position of Data, Header, USF and SF fields in EGPRS2 and PC EGPRS2 is not necessary identical.
This sub-clause evaluates different placements of the burst fields to i) Ensure similar performance as EGPRS2 USF reception and ii) Ensure incremental redundancy performance of Precoded EGPRS2.

6.2.4.1
…

6.2.5
Modulation scheme
The introduction of the precoder module allows for different mapping of the encoded bits onto modulation symbols.
This sub-clause contains evaluation of different mappings of bits to modulation symbols in the burst.
6.2.5.1
…

6.3 
Blind detection

To receive and demodulate a precoded burst, blind modulation detection - BMD - needs to be performed.
This sub-clause contains methods and evaluations of blind detection for MS supporting both EGPRS2 and PC EGPRS2 where both EGPRS2 and PC EGPRS2 need to be blindly detected 

NOTE: Impact on BMD of MSs supporting only PC EGPRS2 is considered to be covered by this evaluation.
6.3.1
…
6.4
PAR reduction

By applying precoding to EGPRS2 the Peak-to-Average Ratio – PAR – of the signal is increased.
This sub-clause contains methods and evaluations to reduce the PAR of PC EGPRS2 while maintaining the spectral properties of the signal and minimizing impact on link level performance.
[Editor’s note: Depending on the extent of the PAR reduction, additional investigations on impact from BCCH average power decrease might be needed.]
6.4.1
…

6.5
Impact on legacy services

PC EGPRS2 introduces a new modulation technique in GERAN., which might have impact on legacy services.


6.5.1
…
6.6 


Impacts on base station and mobile station
6.6.1

...
6.7
Reference performance
This sub-clause contains EGPRS2 reference performance for comparison with PC EGPRS2 performance. 

6.7.1
…

7
Comparison of PC EGPRS2 with EGPRS2 performance

This sub-clause contains comparison of PC EGPRS2 with EGPRS2 performance after the design and evaluation of the items listed in subclause 6 has been completed.
8
Summary and conclusions
[Editor’s note: To be added]
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