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Introduction

In [1], we provided a qualitative comparison of MIMO schemes which could be considered for OFDM based E‑UTRA. In this contribution we provide an updated version of the summary table. We propose to capture the summary table in TR 25.814.
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Annex A

Text proposal for TR 25.814

==== New sub clause in section 7.1.1.4 ==========================
7.1.1.4.2 Summary of possible MIMO schemes 

Table 1 is a summary of possible MIMO schemes for OFDM based E-UTRA downlink.
Table 1

	MIMO Scheme
	MIMO Mode
	Key Features
	Feedback overhead per UE

	SCW-VA
R1-050903
R1-050904
	- Transmit diversity and spatial multiplexing

- Single encoded stream based SU-MIMO
	- Predefined transmit matrix based virtual antenna for efficient PA utilization

- Permutation of virtual antennas for maximal diversity

- Adaptive virtual antenna rank prediction or subset selection 
	- Single ACK

- Single CQI

- Virtual antenna rank or subset indicator

	MCW-VA
R1-050903
R1-050904
R1-051505
	- Transmit diversity and spatial multiplexing

- Multiple encoded stream based SU-MIMO
	- Predefined transmit matrix based virtual antenna for efficient PA utilization

- Permutation of virtual antennas for maximal diversity and spatially-uniform channel quality

- CQI feedback reduction by differential CQI report for SIC 

- Adaptive virtual antenna subset selection

- Re-encoded stream based SIC is available
	- Multiple ACKs

- Single CQI & one or multiple differential CQI(s)

- Virtual antenna subset indicator 



	S-PARC

R1-040307
R1-051478
	- Spatial multiplexing

- Multiple encoded stream based SU-MIMO
	- Adaptive virtual antenna subset selection

- Re-encoded stream based SIC is available
	- Multiple ACKs

- Multiple CQIs

- Virtual antenna subset indicator 



	Frequency Selective (FS)

V-Blast
R1-051325
	Diversity across

· Antennas

· Subcarriers

Spatial multiplexing
	· Diversity across antennas and subcarriers in one code word

· Support of  frequency selective scheduling
	· Multiple ACKs

· Multiple CQI

	PSRC-SNC
R1-051403
	-Beam-forming and spatial multiplexing

-Multiple encoded streams based SU(/MU)-MIMO

-Single(/Multiple) encoded stream(s) based SU(/MU)-BF
	- Different Beam-forming weights estimation methods for FDD and TDD.
- The rate of each stream and the number of streams are controlled.

- Antenna re-grouping is available.
- Re-encoded stream based SIC is available
	- Single or multiple ACK(s)
- Single or multiple CQI(s)
- Single beam-forming weight index for FDD mode.
- No additional feedback is required for TDD mode.
- Single or no stream number indicator

	Transmission Phase Control in MIMO multiplexing 

R1-051150
	· Enhanced spatial multiplexing gain in high fading correlation channel
	· Transmission phases of each transmitter antennas (streams) are shifted according to the number of transmit antennas and data modulation of each antenna

· Improved signal detection capability in high fading correlation at the transmitter, assuming MLD-based signal detection

· No additional control signaling bits are required

· Can be combined with CR-BLAST, PARC, S-PARC, and PSRC for instance
	· Additional control signaling bits for this operation is not required

	Multi-beam MIMO
R1-051438
	- Beamforming gain and spatial multiplexing

- Single or multiple encoded stream based SU-MIMO
	- Adaptive multi-beam subset selection by UE

- Transmit single or multiple-data-stream via multi-beam

- Small amount of feedback bits
	- Single or multiple ACKs 

- Single or multiple CQIs
- Multi-beam subset indicator

	P-PURC
R1-051407
	- Beamforming gain and Spatial multiplexing
- Single or Multiple encoded streams 
- SU- or MU-MIMO
	- Selection of preferred precoding vector or vectors by the UE
- Spatial reuse of time frequency resource using precoding vectors with correlation lower than adaptive threshold
- Narrowband (per sub-band) or wideband (whole TX bandwidth) precoding
- Re-encoded stream based SIC is available in SU-MIMO case 
	- One ACK per stream
- One CQI and one precoding vector index (PVI) per requested stream per requested sub-band 
 


	CR-BLAST


R1-051193 R1-051399
	- Spatial multiplexing

- Single encoded stream based SU-MIMO
	- Spatial multiplexing with fixed rank of Mt assuming the number of receive antennas is not smaller than Mt
	- Single ACK

- Single CQI

	CDD

R1-051193
	- Frequency diversity gain
	- Easily implementable in frequency domain and could work well with other transmission schemes such as G-STBC)
	- Single ACK

- Single CQI

	CSI feedback based beamforming

R1-051193 R1-051399
	- Beamforming gain and spatial multiplexing

- Single encoded stream based SU-MIMO
	- Beamforming matrix derived from SVD of channel matrix which is fed back to Node-B
	- Single ACK

- Single CQI

	Codebook based beamforming

R1-051193
	- Beamforming gain and spatial multiplexing

- Single encoded stream based SU-MIMO
	- Selection of beamforming matrix from codebook by UE and index fed back to Node-B
	- Single ACK

- Single CQI

	STTCC 


R1-050722
R1-051214
R1-051468

	- Transmit diversity 

- Single encoded stream based SU-MIMO
	- Each turbo encoded stream is transmitted over 2-dimensional  space-time resources
	- Single ACK 

- Single CQI

	Closed Loop Coded MIMO

R1-051468
	- Beamforming gain and spatial multiplexing

- Multiple encoded stream based MU-MIMO
	- Adaptation of physical layer (rank, rates, precoding) based on channel state
	- Multiple ACKs

- Multiple CQIs or  Full channel matrix



	Antenna selection

R1-050944
R1-050794
	- Compatible with both transmit diversity (OL & CL) and spatial multiplexing techniques
	- Robust and reduced feedback requirements 

- Reduced RF hardware requirements or, equivalently, support for higher order MIMO

- Smooth trade-off between complexity and performance
	- Fast FBI feedback

	D-STTD-SGRC

R1-031284
	- Transmit diversity and spatial multiplexing hybrid

- Multiple encoded streams compatible with both SU-MIMO and MU-MIMO
	- Incorporates subgroup switching

- Can handle lower complexity receivers with fewer antennas and also symmetric case. 

- Re-encoded stream based SIC is available
	- At most 2 ACKs

- Single CQI



	PSRPC

R1-051455
	- Beamforming gain and spatial multiplexing

- Single or multiple encoded stream based SU-MIMO
	- Rank-specific design of augmented precoding matrix set. Augmented precoding matrix is a semi-unitary matrix augmented by a power allocation vector.

- Desired augmented precoding matrix selected by UE

- Transmit single or multiple precoded stream(s)

- Re-encoded stream based SIC is available if the precoding matrix is not a perfect SVD matrix
	- Single or multiple ACKs

- Single or multiple CQIs

- Single augmented precoding matrix index

	STTD

R1-0501413
	- Transmit diversity

- Single encoded stream based SU-MIMO
	- Spatial transmit diversity for 2TX antennas (2nd order TX diversity) 

- Open loop symbol rate one transmission 
	- Single ACK

- Single CQI

	Diag-ABBA

R1-0501413
	- Transmit diversity

- Single encoded stream based SU-MIMO
	- Spatial transmit diversity for 4TX antennas (full 4th order TX diversity)
	- Single  ACK

- Single CQI



	DABBA

R1-0501413
	- Transmit diversity and spatial multixplexing

- Single encoded stream based SU-MIMO
	- Spatial transmit diversity for 4TX antenna (full 4th order TX diversity) combined with spatial multiplexing of rate 2

- Proposed in [1]
	- Single ACK

- Single CQI

	Single-stream CL MIMO

R1-0501413
	- Beamforming gain

- Single encoded stream based SU-MIMO
	- Selection of desired beamforming weights by UE

- Extension of 2-dimensional beamforming weight to general Mt-dimensional weight
	- Single ACK

- Single CQI

- Single beamforming vector

	Vector Modulation based CL MIMO

R1-0501413
	- Beamforming gain and spatial multiplexing

- Single encoded stream based SU-MIMO
	- Selection of spatial multiplexing rate/vector size by UE

- Selection of desired according precoding matrix by UE

- adaptive modulation/bit loading on the different vector elements/beams possible in case of multiple CQIs
	- Single ACK

- Single or Multiple CQIs

- vector size/spatial multiplexing rate

- Single (linear) precoding matrix

	Vector Modulation based OL MIMO

R1-0501413
	- spatial multiplexing

- Single encoded stream based SU-MIMO 
	- spatial multiplexing rates corresponds to the number of transmit antennas

- adaptive modulation/bit loading on the different vector elements possible in case of multiple CQIs
	- Single ACK

- Single or Multiple CQIs

	STD-RC (Space-Transmit-Diversity Rate Control)

R1-051424
R1-051425
R1-051226
	· Transmit diversity, spatial multiplexing, and the hybrid of the two

· SU-MIMO

· 
	· Every transmit antenna is used, either for spatial multiplexing and/or for diversity.

· The space-time/space-frequency code rate is recommended by the UE to the BTS to provide the best throughput and/or diversity protection.
	· Single or per-stream based ACK

· Single or per-stream based CQI

· Space-time/space-frequency code rate index

	XPDP

Cross polarized diversity precoded MIMO

R1-051326
	Beamforming gain and one of: SDM, SDMA, TxAA

Single or multiple encoded streams 


	· Three transmit diversity modes (SDM, SDMA, TxAA) implemented in polarization dimension

· Diversity mode selected by UE or by base given UE feedback (CQI/rank)

· Beamforming implemented through precoder matrix that is known to base and UE

· Precoder column index selected by UE and fed back
	· precoding index

· CQI for each tx polarization

· Additional channel feedback for users in TxAA mode



	DBOS
(Downlink Beamforming with Opportunistic Scheduling)
R1-051416
	- Beamforming gain

- Scheduling gain

- SDMA

- in case of dual polarized beams: transmit diversity / spatial multiplexing
	- Precoding matrices (grid of predefined fixed beams or adaptively steered beams)

- Multiple beams per chunk

- Exploiting multi-user diversity

- Especially targeted to wide area scenario with low angular spread

- Ability to cope with adverse intercell-interference conditions
	- Single ACK

- Multiple CQIs (for a limited number of chunks/beams)



	High-Rate STC

R1-051338
	-Transmit diversity and spatial multiplexing

-Single or multiple encoded stream based SU-MIMO
	- All data symbols are transmitted through transmit antennas during STC code block by using dispersion matrices
	- Single or multiple ACKs

- Single or multiple CQIs

	ITA-MIMO

R1-051470
	- Transmit diversity, spatial multiplexing and optional BF  

- single or multiple encoded stream based SU-MIMO
	- support smooth switching between different MIMO schemes (including rank adaptation and rate control)

- no restriction on configuration of Tx and Rx antennas

- switching control mechanism with very simple feedback signaling based on low-complexity iterative table-driven procedure  
	- Single ACK for mode indication

- Multiple CQIs

	ACDD

R1-051354
	- Frequency Diversity for high mobility UEs

- Frequency-Selective Multi-user Scheduling for low to medium mobility UEs
	· Node B selects cyclic delay(s) values to be used from multiple antennas based on UE channel statistics (UE speed, frequency selectivity etc.)

· No limitation on Node-B or UE number of antennas
	-Single CQI per sub-band, or peak CQI value and sub-band index

-In case of high mobility, average CQI across the bandwidth

	PU2RC R1-051353
	- Beamforming gain and spatial multiplexing

- Multiple encoded stream based MU-MIMO

- Multi-mode transmission
	- Selection of desired precoding matrix and column indices by UE

- Grouping users and selection of the best precoding matrix by Node-B

- Simultaneous transmission of precoded users belonging to the selected group  

- Rank Adaptation
	- ACK per stream

- CQI per selected column

- Single precoding matrix index

- Column subset indicator  

	PGRC

R1-051315
	- Spatial multiplexing with rank adaptation and pre-coding (for Mt≥4)
- Multiple (Mt/2) encoded streams

- Applicable for SU-MIMO & MU-MIMO
	- Spatial multiplexing with grouping of 2 antennas (to reduce CQI overhead) and rank adaptation (2, 4, …, min(Mt,Mr))
- Use of codebook based pre-coding 

- The desired pre-coding matrix is selected at UE
	- Mt/2 ACKs

- Mt/2 CQIs
- Single pre-coding matrix index

	S-PUSRC
R1-050809
	- Beamforming gain and spatial multiplexing

- Multiple encoded stream based MU-MIMO
	- Selection of users and column indices by Node-B

- Simultaneous transmission to the selected users

- Re-encoded stream based SIC is available
	- Multiple ACKs

- Multiple CQIs  
- SIC ordering indicator

	Combined STBC/CDD MIMO
R1-051375
	- Open loop rate 1 MIMO (STTD+CDD): transmit diversity + additional frequency diversity

- Open loop rate 2 MIMO (SM+CDD): spatial multiplexing + additional frequency diversity
	- To take advantages of space-time encoding (rate 1) or spatial multiplexing (rate 2) gain and cyclic delay diversity gain, simultaneously

- Applicable to any number of transmit antennas.
	- No feedback
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