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1. Introduction

At RAN WG1#42 and WG1#42bis meetings, several contributions on E-UTRA DL MIMO [3-6] were presented. 

According to the E-UTRA DL requirements in [1], the targets of E-UTRA cannot be achieved by single stream transmission. As a consequence, multi-stream transmission from the base station needs to be an integrate part of the E-UTRA functionality and therefore needs to be standardized as a set of E-UTRA features.

In this contribution, we present downlink MIMO schemes for the 2x2 antenna setup (Mt=2 transmit antennas at the NodeB, Mr=2 receive antennas at the terminal) according to the E-UTRA assumptions stated in [2]. In addition, we further describe MIMO transmission modes for Mt=4 transmit antennas and up to Mr=4 receive antennas. The presented multi-antenna techniques include diversity transmission modes as well as multi-stream transmission/spatial multiplexing and beamforming.

2. Downlink MIMO Overview

The E-UTRA downlink transmission block diagram including MIMO techniques is sketched in Figure 1.
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Figure 1: Block diagram of E-UTRA downlink MIMO scheme.

Packet data and signaling messages from L2 are delivered as a set of transport blocks. Each transport block is first appended with an error detection check, e.g. CRC, and channel coded.  In the modulator, the encoded data is modulated to create modulation symbols, as stated in [2]. 

The symbol mapper of Figure 1 maps the channel coded and modulated signal to the signal matrix X, which is precoded using a linear precoding matrix i.e. a ”beamforming” matrix W. The precoding matrix W is of size Mt(Nt – and the input output relationship of the precoder can be given as

Z=W(X.
This generalized equation allows precoding operations for diversity transmission, multi-stream transmission, beamforming and their combinations. In case of so called “open loop” schemes, no information about the preferred linear precoding is present at the transmitter and no linear precoding is applied (W=I). In case of “closed loop” transmission schemes, linear precoding/beamforming information is available at the NodeB via terminal feedback.

Finally, the antenna specific signals Z are transformed to an OFDM signal by the IFFT operation. Note, that in the simplified block diagram HARQ functions and pilot insertion are omitted, even if they are inherently necessary. 

A more detailed description of the symbol mapper and the linear precoder is given in the following sections.

3.  Symbol mapper 

We first present the symbol mapper for Mt=2 transmit antennas followed by the case of Mt=4.

3.1 Symbol mapping for Mt=2

With two transmit antennas, the possible spatial transmission formats are beamforming, spatial diversity (antenna diversity) transmission, and spatial multiplexing. 

For beamforming with a single stream, the input signal is directly fed to the precoder. As a consequence, there is a single output stream (Nt=1) as input to the linear precoder
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In case of spatial diversity transmission with Mt=2 transmit antennas, the well known STTD space time/frequency code should be used:
XSTTD(s1,s2) = 
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The diversity transmission can be performed either in frequency or time domain. Thus, the STTD transmission provides a (spatial) diversity degree of 2 and extends either over 2 subcarriers in frequency or over 2 OFDM symbols in time. In the case of STTD transmission, the linear precoding will just pass through the STTD signal,  i.e., the linear precoding matrix will be the identity matrix. 

In [3], it is claimed, that in case of coded transmission also antenna/beam hopping
 is able to sufficiently extract the spatial diversity of the channel. However, this  holds onlyfor a low enough coding rate ((1/3). For higher channel coding rates the coding alone is not sufficient to resolve the full spatial diversity gain with antenna/beam hopping. As a consequence, a spatial diversity transmission mode is required in order to benefit from spatial diversity also for higher channel coding rates.

For symbol rate 2, i.e., spatial multiplexing rate 2, a simple vector transmission is given as

Xvec2 = 
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This produces vector modulation with Nt=Mt=2 output streams to the linear precoder. In the case of open-loop operation, the precoding matrix of the linear precoder may become the identity matrix, as in case of STTD.  In the case of closed loop operation, different linear precoding matrices (or beamforming matrices) based on the available feedback information may be used.  

3.2 Symbol mapping for Mt=4

In this section, symbol mapping for Mt=4 transmit antennas is presented. Again we consider diversity transmission, spatial multiplexing and their combinations. 

Forsingle stream beamforming (closed loop operation) without any kind of spatial multiplexing, the symbol mapper has the same function as in the case of two transmit antennas – the modulated signals at the input are directly fed to the output

Xsingle = 
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resulting in a single output stream Nt=1.

The MIMO solutions for obtaining coverage and requiring most reliable transmission apply a spatial multiplexing rate 1. The proposed diversity transmission mode for Mt=4 transmit antennas for spatial multiplexing rate 1 is the so called Diagonal-ABBA (Diag-ABBA) [7], which is given as

XDiag-ABBA = 
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Here XA  and XB are 2x2 STTD blocks of the form   

XA(s1,s2) = 
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    XB(s3,s4) = 
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The symbols in the XB block have been rotated by 45 degrees ((/4). Diagonal-ABBA extends over 4 subcarriers, and provides transmit diversity degree 4. It is designed so that it becomes orthogonal with increasing transmit antenna correlation and/or Ricean K-factor. As mentioned earlier in the case of STTD, specific diversity transmission modes are needed in order to benefit from the available spatial diversity at the transmitter also for higher channel coding rates.

For open-loop transmission with spatial multiplexing rate 2, one candidate is Double-ABBA (DABBA) [7]

X DABBA = 
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where XA, XB, are as in the case of Diag-ABBA (above), and XC and XD are of the STTD form 

XC(s5,s6) = 
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    XD(s7,s8) =
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Double-ABBA extends over 4 subcarriers, and provides transmit diversity degree 4. 

For closed-loop MIMO transmission with Mt=4 NodeB antennas and spatial multiplexing rate 2, vector modulation with Nt=2 

Xvec2 = 
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as in the case of Mt=2 transmission antennas is applied. The feedback information is used to adapt the precoding matrix in the linear precoder. In a similar way, also spatial multiplexing for symbol rates 3 and 4 are implemented, by using

X vec3 = 
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 and X vec4 = 
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respectively. Note that for the symbol rate 4, both open loop and closed loop operations are possible. For vector modulation with spatial-multiplexing rate 3, only closed loop operation is possible in order to map the 3 transmission streams to the Mt=4 transmission antennas in the linear precoder. 
4. Linear Precoding

As already mentioned earlier, in case of open loop transmission, no linear precoding will be performed and Mt=Nt. Thus W=I in the precoding stage. In case of closed loop transmission, the feedback information provided by the terminal is utilized to select the proper linear precoding matrix W for transmission. 

Referring to contribution [5], the precoding for closed loop transmission can be constant for the whole OFDM symbol/frequency band or be adapted over smaller subbands. As mentioned in [5], at high mobile speeds the benefits of adapting the linear precoding matrix over the frequency band vanishes, and adaptation on the long-term statistics of the channel over the full frequency band could be applied. When deciding to allow adaptation of the linear precoding matrix in the frequency domain, the performance improvement of frequency adaptation has to justify the increased feedback needs and resulting UL signalling overhead.

Further referring to contribution [5], the direct channel feedback (DCFB) advantage of a more accurate linear precoding possibility compare to the “codebook” approach or a limited number of available linear precoding vectors also would have to justify the increased feedback signalling. We would like to note here, that we are more in favour of a limited amount of available linear precoding vectors/ a limited codebook in order to keep the UL signalling load as small as possible – especially when thinking of a larger number of NodeB transmit antennas Mt.

5.  Adaptation between the different MIMO modes

In order to achieve the EUTRAN targets and improve spectral efficiency, adaptive MIMO transmission should be applied. The system should perform adaptation of the spatial multiplexing rate, the linear precoding matrix in case of closed loop transmission modes, as well as adaptive modulation and coding.

The channel rank as proposed in [4] or a practical channel rank measure determined in the terminal could be used to select the spatial multiplexing for the MIMO transmission. Depending on the availability of reliable linear precoding information, either open loop or closed loop transmission can be selected. With this information at hand, the proper MIMO transmission schemes summarized in Tables 1 and 2 can be defined.
In these tables, SMUX denotes the spatial multiplexing/symbol rate, OL and CL stand for open loop and closed loop MIMO transmission/adaptation. 

	SMUX
	MIMO adaptation
	Mr(
	MIMO mapping
	Linear precoding matrix W size
	Comments

	1
	OL
	1
	XSTTD
	2(2, W=I
	Diversity mode

	1
	CL
	1
	Xsingle
	2(1
	Beamforming mode

	2
	OL
	2
	Xvec2
	2(2, W=I
	Open loop spatial multiplexing 

	2
	CL
	2
	Xvec2
	2(2
	Close loop spatial multiplexing


Table 1: Summary of presented transmission modes for Mt=2 transmit antennas at the NodeB

	SMUX
	MIMO adaptation
	Mr(
	MIMO mapping
	Linear precoding matrix W size
	Comments

	1
	OL
	1
	XDiag-ABBA
	4(4, W=I
	Diversity mode

	1
	CL
	1
	Xsingle
	4(1
	Beamforming mode for Mt=4

	2
	OL
	2
	XDABBA
	4(4, W=I
	Diversity mode for 2 spatial streams

	2
	CL
	2
	Xvec2
	4(2
	Closed loop method for 2 spatial streams

	3
	CL
	3
	Xvec3
	4(3
	Closed loop method for 3 spatial streams

	4
	OL
	4
	Xvec4
	4(4, W=I
	Open loop method for 4 spatial streams

	4
	CL
	4
	Xvec4
	4(4
	Closed loop method for 4 spatial streams


Table 2: Summary of presented transmission modes for Mt=4 transmit antennas at the NodeB

The MIMO transmission modes summarized in Table1 and Table2 are only presented to show the full set of available options in sense of number of transmission antennas, spatial multiplexing rate as well as open and closed loop operation. In the end, just a reasonable, small subset of the modes of Table1 and Table2 should be standardized, as suggested also in [6].
6.  Conclusion

We have presented adaptive MIMO transmission techniques for OFDMA based E-UTRA downlink including diversity, beamforming and spatial multiplexing. The multi-antenna transmission modes were introduced for 2 and 4 NodeB antennas. We propose these schemes for the evaluation of OFDM based E-UTRA downlink.
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