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1. Introduction

In this contribution, we introduce a generic modeling for MIMO. Along side the generic model description, we provide the mapping between the generic model and all of the MIMO schemes discussed as part of the Work Item. We also introduce in the generic model the AMCS decision entity proposed in [1] as a common entity for all schemes. Primary objective of the generic modeling is to make the identification of commonalities and differences between the different schemes easier. At the end of the contribution a text proposal for the TR is provided, where the text proposal covers the presently documented MIMO schemes. If additional schemes were to be documented, then text proposal could be enhanced to cover hence added schemes.
2. Abbreviations

· AMCS

 Adaptive Antenna, Modulation, Coding Scheme
· CIRE

Channel Impulse Response Estimation
· CQI


Channel Quality Indicator
· DD


Delay Diversity
· MCS

Modulation and Coding Scheme
· STC

Space Time Coding
3. MIMO generic scheme

[image: image1]
A MIMO scheme consists of:

· A serial to parallel converter that allows multi-stream transmission. These streams carry independent information and share the same OVSF spreading code (code reuse); the overall throughput is the sum of individual throughput carried on each branch.

· A modulation and coding scheme (MCS) for each stream. This MCS is fixed for each stream independently depending on the Channel Quality Indicator (CQI) feedback from the UE.

· A power allocation for each data stream, the sum of all power allocations should not exceed the overall HS-DSCH power.

· A beam-forming matrix to be used in closed loop schemes. This matrix contains a subset of the MIMO channel matrix eigenvectors as received and reported by the UE.
· Space-Time Coding (STC) and Delay Diversity may also be used depending on the MIMO scheme.

· Adaptive Antenna, Modulation, Coding Scheme (AMCS) decision controller that determines the MIMO parameters according to UE feedback. These parameters are:
· The number of streams,
· The MCS and power allocation for each stream,
· The beam-forming matrix if any.
Note that this generic model includes in particular TxDiv schemes where the number of transmitted streams is forced to be one and all the available power is given to this stream.

We introduce the notion of MIMO ratio, that is the ratio between the maximum number of streams to the number of Tx antennas. The MIMO ratio value is between 1/M to 1 depending on the MIMO scheme. For 4 transmitting antennas, the MIMO ratio is equal to:

· 1 for full MIMO schemes such as PARC or RC-MPD,

· ½ for DSTTD and DTxAA,

· ¼ for TxDiv solutions.
In the following, we depict the MIMO candidate schemes:
	Scheme
	Type
	MIMO

Ratio
	Feedback
	Misc

	
	
	
	BF Mat.
[image: image2.wmf]U


	Power Alloc. 
[image: image3.wmf]P


	#CQI
	STC
	DD

	Eigen Mode MIMO PURC (Samsung [2])

MSB (LG [3])
	CL
	1
	CIRE EVs
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P


	M
	NA
	NA

	PARC (Lucent [4])

SPARC (Ericsson [1])
	OL
	1
	NA
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	M
	NA
	NA

	TPRC (Samsung [5])
	OL
	1
	NA
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+ code weighting
	M
	NA
	NA

	RC-MPD (Nortel [6])
	OL
	1
	NA
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	M/2
	Alamouti
	Tc

	DSTTD (Mitsubishi [7], TI [8])


	OL
	1/2
	NA
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	M/2
	Alamouti
	NA

	DTxAA (LG [9])


	CL
	1/2
	2 coef. only
	NA
	 M/2
	NA
	NA


Notes:

· Open loop schemes (OL) require CQI feedback information only while closed loop schemes require also CIRE feedback (for beam-forming purpose).

· Power allocation is in general related to the CQI feedback. As discussed in [10], in open loop MIMO schemes, all active streams are equally weighted. This is not the case in closed loop MIMO where active streams may have different power allocation.
4. References

[1] Ericsson, Selective Per Antenna Rate Control (S-PARC), R1-040307.
[2] Samsung, “Per Unitary Stream User and Rate Control (PU²RC)”, R1-030354.
[3] LG, “Multi-Stream Beamforming (MSB) MIMO System”, R1-030499.
[4] Lucent, “MIMO PARC system simulation results for HSDPA”, R1-031076.

[5] Samsung, “Tx Power Ratio Control for V-BLAST with Code-domain Canceller”, R1-031087.

[6] Nortel Networks, “System level simulations for RC-MPD”, R1-040186.
[7] Mitsubishi, “DSTTD with Sub-Group Rate Control”, R1-031284.

[8] TI, “Double-STTD scheme for HSDPA systems with four transmit antennas: Link Level Simulation Results”, R1-010458.

[9] LG, “Double TxAA for MIMO”, R1-040222.
[10] Nortel, “Further simulations on RC-MPD and comparison with PARC, DSTTD, and R’99 TxDiv”, Montréal, R1-040433.
------------------------------------------- Start of Text Proposal1 --------------------------------------
1
Scope

This document captures the working assumptions and evaluation criteria of the different techniques being considered for Multiple-Input Multiple-Output (MIMO) in UTRA.

The purpose of this TR is to help TSG RAN WG1 to define and describe the potential enhancements under consideration and compare the benefits of each enhancement with earlier releases for improving the performance of the dedicated and shared transport channels in UTRA downlink, along with the complexity evaluation of each technique. 

In RAN#11 plenary the work item was approved for MIMO stating that MIMO shall be optional at the UE, in RAN#18 it was extended to cover TDD, and in RAN#19 it was further updated with the following description:

The purpose of this work item is to improve system capacity and spectral efficiency by increasing the data throughput in the downlink within the existing 5MHz carrier. This will be achieved by means of deploying multiple antennas at both UE and Node-B side.
The technical objective of this work item is the integration of MIMO functionality in UTRA, in line with recommendations from WG1, to improve capacity and spectral efficiency. The works tasks include the support for both FDD and TDD. In those cases where differences between FDD and TDD are identified, they should be considered as separate work tasks.

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 25.996 (V6.0.0): "Spatial channel model for Multiple Input Multiple Output (MIMO) simulations".

[2]
3GPP TR 25.848 (V4.0.0): “Physical layer aspects of UTRA High Speed Downlink Packet Access”.
3
Definitions, symbols and abbreviations



3.1 Definitions
· MIMO ratio

the ratio between the maximum number of streams to the number of Tx antennas
· …
3.2 Symbols
· M





refers to number of transmitting antennas at the Node B
· N





refers to the number of receiving antennas at the UE
· (MxN)




refers to a MIMO configuration with M transmitting antennas and N receiving antennas
· U





refers to the beamforming matrix

· P





refers to the power allocation diagonal matrix
· …
3.3. Abbreviations

· AMCS




Adaptive Antenna, Modulation, Coding Scheme
· CIRE




Channel Impulse Response Estimation
· CQI





Channel Quality Indicator
· DD





Delay Diversity
· MCS




Modulation and Coding Scheme
· STC




Space Time Coding
· …
------------------------------------------  End of Text Proposal 1 ---------------------------------------

------------------------------------------- Start of Text Proposal 2 -------------------------------------

5.2
FDD High Speed Channels

5.2.1 MIMO generic scheme presentation
In the following a generic model for MIMO is depicted, all MIMO schemes are a particular implementation of it.

[image: image9]
A MIMO scheme consists of:

· A serial to parallel converter that allows multi-stream transmission. Note that these streams carry independent information and share the same spreading code (code reuse); the overall throughput is the sum of individual throughput carried on each branch.

· A modulation and coding scheme (MCS) for each stream. This MCS is fixed for each stream independently depending on the Channel Quality Indicator (CQI) feedback from the UE.

· A power allocation for each data stream, note that the sum should be normalized.

· A beam-forming matrix to be used in closed loop schemes. This matrix contains a subset of the MIMO channel matrix eigenvectors as received at the UE.

· Space-Time Coding (STC) and Delay Diversity (DD) may also be used depending on the MIMO scheme.

· Adaptive antenna, modulation, coding scheme (AMCS) decision controller that determines the MIMO parameters according to UE feedback. These parameters are:

· The number of streams,

· The MCS and power allocation for each stream,

· The beam-forming matrix if any.
In the following, we depict the MIMO candidate schemes:

	Scheme
	Type
	MIMO ratio
	Feedback
	Misc

	
	
	
	BF Mat.
[image: image10.wmf]U


	Power Alloc. 
[image: image11.wmf]P


	#CQI
	STC
	DD

	PARC
	OL
	1
	NA
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	NA
	NA

	RC-MPD
	OL
	1
	NA
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	M/2
	Alamouti
	Tc

	Schemes to be added …
	…
	…
	…
	…
	…
	…
	…


Notes:

· Open loop schemes (OL) require CQI feedback information only while closed loop schemes require also CIRE feedback (for beam-forming purpose).

· Power allocation is in general related to the CQI feedback information. In open loop MIMO schemes, power allocation can take few values only since all active streams are weighted equally, this is not the case for closed loop approaches in general.

------------------------------------------  End of Text Proposal 2 -----------------------------------------
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