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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 rapid globalisation of the smart phone market is putting pressure on legacy EDGE networks to improve throughput and spectrum efficiency. 

To meet the demands on throughput and spectrum efficiency, MIMO for downlink provides an interesting prospect because it neither puts too high requirements on LTE enabled smart devices nor on legacy EDGE networks. All LTE enabled smart devices come with two receive antennas, which is a valuable radio asset that should be fully utilised. Similarly, legacy EDGE networks are often configured with two transmit antennas to support air combining or transmit diversity.

Performance evaluation submitted to GERAN#54 in GP-120762, to GERAN#55 in GP-121019 and GP-121030 and to GERAN#56 in GP-121248 shows potential of this technique to support significantly higher data peak throughput compared to EGPRS and EGPRS2-A and as well as improving the spectral efficiency. 
1

Scope

The present document contains investigations carried out and during the 3GPP study item on MIMO for Downlink.

The following items are covered in this study report:
· Objectives for the study
· Overview of MIMO for Downlink concept
· Conceptual design of several functional blocks of this solution

· Performance evaluations related to envisaged functional blocks belonging to MIMO for Downlink 
· Compatibility analysis
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
GP-130288 “New Study Item on Downlink MIMO”, source Nokia Siemens Networks, NOKIA Corporation, Com-Research GmbH, TELECOM ITALIA S.p.A.
[3]
3GPP TS 45.005 V7.25.0 Radio transmission and reception (Release 7).

3
Definitions 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].

3.3
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

DAS
Downlink level A modulation and coding scheme

MCS
Modulation and coding scheme

MSRD
Mobile Station Receive Diversity

NSR
Normal Symbol Rate

SINR
Signal to Interference and Noise Ratio

TSC
Training Sequence Code

USF
Uplink State Flag

4
Objectives
The objective of the study is to investigate the feasibility of single user MIMO in the downlink for PS data services including EGPRS and EGPRS2-A.  

For MIMO support, two operational modes are foreseen: 

a) spatial multiplexing mode based on dual stream 2x2 MIMO and 

b) single stream diversity mode based on either MSRD or Tx diversity in combination with MSRD. 

In general, the study item re-uses as much as possible existing functionality in GERAN and existing spatial channel models and principles used for UTRAN and E-UTRAN. Different aspects of MIMO, as outlined in MIMO study item proposal [2], are studied based on the following performance and compatibility objectives.
4.1
Performance Objectives
The introduction of MIMO for downlink shall significantly improve data throughput performance as compared to realistic EGPRS and EGPRS2-A performance. The performance of MIMO shall be evaluated over the SINR range relevant in GERAN networks.
4.2
Compatibility Objectives

The impact of MIMO for downlink on GSM speech codecs, GPRS, EGPRS and EGPRS2 shall be kept at a minimum. There should be no negative impact due to the introduction of MIMO to the base station and mobile station, assuming the mobile station already supports diversity antenna reception.
Any technique that requires changes to MCS design for GSM/EDGE are not part of the study.
5
Overview of 2x2 MIMO System
5.1
Spatial multiplexing mode 
In this mode, two different encoded bit-streams with orthogonal training sequences are modulated and transmitted simultaneously through two different antennas to the same mobile having two receiving antennas. In this ‘dual stream transmission mode’, there are in effect 4 different propagation paths. When the spatial correlation between the propagation paths is sufficiently low, it should be possible for MIMO receiver to estimate the propagation paths (a minimum SINR might be needed to estimate the propagation paths with sufficient accuracy) and to jointly or iteratively detect each of the two streams. When the above conditions are met, the throughput is maximised by transmitting independent data streams from both transmitters. Henceforth this is referred to as spatial multiplexing mode.

[image: image3]
Figure 5.1 2x2 MIMO Transmission in Spatial Multiplexing Mode
5.2

Diversity mode
When the spatial correlation between the propagation paths is insufficient to support spatial multiplexing, a single bit-stream with legacy training sequence is modulated and transmitted either through two antennas or single antenna. It should be possible for the receiver to benefit from transmit diversity (Figure 5.2a) and/or receive diversity (Figure 5.2b). Henceforth this is referred to as diversity mode. A popular transmit diversity scheme is Delay Diversity, whereby the second transmit path is delayed relative to the first to create an artificial propagation path that can be exploited by a conventional equalizer. 

[image: image4]
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(b)

Figure 5.2 Single Stream Transmission in Diversity Mode. (a) Transmit Diversity, (b) Receive Diversity
6
Concepts
6.1
Training sequences
When estimating the channel taps of the four spatial propagation channels (depicted in Figure 5.1), it would be advantageous if the training sequences assumed orthogonal properties.

Already, orthogonal training sequences were introduced in Rel-9 for VAMOS. These training sequences, referred to as TSC Set 2, were optimised to give low cross-correlation when used pair-wise with the legacy training sequence set, which has been referred to as TSC Set 1 (Table 5.2.3a and Table 5.2.3b in 45.002).

While both TSC Set 1 and TSC Set 2 are binary, TSC Set 1 has been modified for use with 8-PSK and higher order modulations by mapping each binary value of GMSK bit-mapping to each of the constellation points of the respective modulation scheme (see Normal burst for 8-PSK, 16-QAM and 32-QAM in 45.002 Section 5.2.3).

Hence, a straight-forward procedure to obtain an orthogonal set for 8-PSK and higher order modulations is to apply the same antipodal mapping for TSC Set 2.
6.2
Mode Adaptation
 [Editor’s note: This section will treat mode adaptation strategy.]
6.3

Link Adaptation
[Editor’s note: This section will treat how the link adaptation can be done in both streams in spatial multiplexing mode. The study will check if the existing procedure for DLDC can be reused and differences identified.] 
6.4
Other RLC/MAC Protocols
6.4.1
Multi-slot Class
[Editor’s note: This section will treat handling of multi-slot classes. The study will check if existing multi-slot class signalling for DLDC can be reused and differences identified.]

6.4.2
TBF Establishment
[Editor’s note: This study will check if existing TBF establishment procedure for DLDC can be reused and differences identified.]
6.4.3
Multiplexing of legacy MSs (USF, PAN)

[Editor’s note: This section will treat aspects of multiplexing with legacy MSs when USF/PAN for a legacy MS is transmitted in the PDTCH for MIMO MS.]

6.5
Signalling
6.5.1
MS Capability Signalling

[Editor’s note: This section will treat how a MIMO capable MS can signal its MIMO capabilites (e.g. level of support in terms of MIMO modes and modulation types) to the network.]
6.5.2
Mode Adaptation Signalling

[Editor’s note: This section will treat the benefit of signalling supported mode adaptation.]
7
Spatial Channel Model
To obtain a realistic evaluation of the performance of MIMO receiver, the channel model will need to consider the correlation between the propagation channels (e.g. due to the spatial proximity of the antennas or due to the orientation of the polarization of the antennas).

7.1
MSRD Antenna Correlation Model
In [3] Annex N, a Single-Input-Multiple-Output (SIMO) model has been defined (depicted in Figure 7.1) which is based on a magnitude of complex correlation parameter ρ and an antenna gain imbalance G. To use the model in the performance evaluation, the model would need to be extended to a MIMO system comprising independent paths for a second transmit antenna and with realistic spatial correlation values for the transmit antennas and the receive antennas (two values of ρ are given in the MSRD performance requirements, but these only loosely correspond to best and worse case values).
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Figure 7.1. Single-Input-Multiple-Output channel model for MS Receiver Diversity.

7.2
SCM model

[Editor’s note: This section will treat  modifications of SCM models used in 3GPP TR25.814.]

7.3
Channel model with variable correlation

[Editor’s note: This section will treat the definition of channel models that can have variable correlation between paths and adjustable gain imbalance.]

8
Performance Evaluation
[Editor’s note: This section will provide evaluation results by means of link level simulations using the various channel models, transmission modes, training sequences, modulations as discussed in previous sections.]

8.1
Transmitter assumption

[Editor’s note: It is assumed that a typical BTS with agreed impairment values will be used for evaluations.]

8.2
Receiver assumptions

 [Editor’s note: It is assumed that a MIMO capable MS with realistic complexity will be used for evalulations.]

8.3
Simulation scenario
[Editor’s note: This is FFS.]

8.4
Simulation results using SCM profiles
[Editor’s note: This is FFS.]

8.5
Simulation results with variable channel/antenna correlation and gain imbalance
[Editor’s note: This is FFS.]

8.6
Simulation results using mixed modulation

[Editor’s note: This is FFS.]
9
Network configurations

[Editor’s note: This section will investigate different BTS HW configurations that are able to support MIMO for Downlink in a typical network provided with legacy HW.]

10
Compatibility analysis

[Editor’s note: This section will investigate the impact to speech and data performance while priority is given to avoid negative impact to legacy speech service. It will also investigate hardware impact due to the introduction of MIMO for Downlink to the base station and mobile station, assuming the mobile station already supports diversity antenna reception.]

11
Conclusion
[Editor’s note: This section will conclude if feasibility of MIMO for Downlink is proven.]
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