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1
Introduction
In this document, we provide a high level overview of the spatial multiplexing schemes that need to be considered for E-UTRA downlink. We attempt to classify them into several categories, so that there is clear understanding within the group as to the scope of each scheme.
2
Overview
2.1
Open Loop Schemes
The open loop schemes by definition do not rely on any feedback from the UE and are non-adaptive by nature. The schemes include:
· Space Time or Frequency Transmit Diversity (STTD/SFTD) 
· Increased sectorization per site

· Open Loop SDMA (OL-SDMA)

The use of STTD for certain control channels (common and shared) has already been agreed upon in RAN1 #43-bis.
Increasing the number of sectors to greater than three per site is a deployment choice and as such, there is nothing unique about this feature that we need to address in this document. The possible use of sector specific scrambling codes or common pilot tones does not place any restriction on the number of sectors per site.

In OL-SDMA, different UEs are multiplexed on to the same time/frequency resources without any feedback from the users. In the absence of any feedback in FDD systems, the transmitter does not know a priori whether the different scheduled UEs are spatially separable or not. The usefulness of such a scheme is not clear and as such, this scheme is not addressed in this document. 
2.2
Closed Loop Schemes
The closed loop schemes for FDD systems rely on feedback from the UE and the objective is to adapt to varying channel conditions in the downlink. The schemes may be broadly classified as:
· Single User MIMO/MISO (SU-MIMO/MISO)
· Closed Loop SDMA (CL-SDMA)
In SU-MIMO/MISO, only one MIMO/MISO user is scheduled on a given set of time/frequency resources. This scheme also allows for UE specific beamforming with a single transmission layer, similar to TxAA specified in WCDMA.
In CL-SDMA, multiple users (MISO or MIMO) can be scheduled on the same time/frequency resources. Users are spatially separated at the transmitter, usually by precoding the transmit streams.
Without any loss in generality, we can assume nine different scenarios wherein the UE has {1, 2, 4} Rx antennas and the transmitter has {1, 2, 4} Tx antennas. The applicability of each scheme is shown in Table 1.

	Scenarios
	Rx = 1
	Rx = 2
	Rx = 4

	Tx = 1
	SISO
	SIMO

	Tx = 2
	STTD / SFTD

SU-MISO

CL-SDMA
	STTD / SFTD

SU-MIMO

CL-SDMA

	Tx = 4
	STTD / SFTD

SU-MISO

CL-SDMA
	STTD / SFTD

SU-MIMO

CL-SDMA


Table 1

Scenarios

The applicability of STTD/SFTD and SU-MISO is clear. 
In the next section, we focus on closed loop schemes only, namely SU-MIMO and CL-SDMA.

3
Differences between SU-MIMO and CL-SDMA
Based on the broad classification in section 2, it might be argued that SDMA is the most generic scenario, while SU-MIMO is a special case of SDMA, with the only difference attributed to scheduler operation. In other words, the scheduler decides to operate in CL-SDMA mode only and when it transmits to only one user, it translates into a SU-MIMO transmission.
However, on closer inspection, it is seen that there are differences between SU-MIMO and SDMA, and both warrant a separate treatment. In particular, the situation becomes interesting when UEs with different antenna capabilities co-exist within the same system.
3.1
Number of Transmit Streams
Consider the following terminology:
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For SU-MIMO, we have:


[image: image2.wmf]S

ST

R

T

S

N

N

N

N

N

=

£

}

,

{

min


For CL-SDMA, we have:
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For SU-MIMO, the maximum number of transmit encoded streams is equal to
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, while for CL-SDMA, the maximum number of transmit encoded streams across all scheduled users is equal to
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 and the channel is not rank deficient for all the users, the effective data rate in SU-MIMO is dictated by the scheduled UE’s channel eigenvalue spread, while the transmission in CL-SDMA can be done on the dominant eigenmodes of each UE’s channel.

In that sense, if we neglect the downlink and uplink overhead, CL-SDMA sector capacity represents an upper bound on the sector capacity with SU-MIMO.

3.2
Data Rate

The main goal of SU-MIMO is to increase the peak data rate per UE. The number of transmit streams is dictated by the channel rank, which is fed back either implicitly or explicitly by each UE.

The main goal of SDMA is to increase sector capacity, but does not preclude the use of MIMO when the number of Rx antennas is greater than one.
3.3
Precoding
The transmitter processing chain may be different for CL-SDMA and SU-MIMO.
3.3.1
CL-SDMA

For CL-SDMA, the transmitter needs to spatially separate multiple users. 
Spatial separation is possible without the use of precoding, but user separation and rank selection may not be always possible and as such, this scheme is inferior to SDMA with precoding.
Therefore, we rely on precoding to spatially separate users. This is typically done by defining a set of 
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 precoding matrices in the system.

For an efficient CL-SDMA operation, a large set of precoding matrices is needed. As an example, we consider a set of 64 precoding matrices for 4x4 systems in [1].
Each UE selects a preferred precoding matrix and a set of preferred column vectors from that matrix. Spatially separable users (e.g. users that prefer the same precoding matrix but disjoint column vectors from that matrix) are multiplexed on to the same time/frequency resources.
The received signal can be written as:
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3.3.2
SU-MIMO

For SU-MIMO, the transmitter needs to know the rank of the channel to select the number of streams. This does not necessitate the need for a set of precoding matrices.
To utilize all the transmitters, a virtual antenna concept was defined in [2]. This can be construed as a primitive precoding technique, wherein a single unitary matrix transformation is defined at the transmitter that maps the virtual antennas to physical antennas. The UE selects and feeds back the appropriate column vectors of this known unitary matrix to the transmitter.
The received signal can be written as:
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The matrix P is constructed from the column vectors of the known unitary matrix. 

It is shown in [1] that the performance with virtual antenna selection is almost the same as with precoding for TU channel. The performance in correlated channels is FFS.

3.4
Uplink Overhead
As stated in section 3.3, CL-SDMA depends on precoding, while SU-MIMO does not necessarily do so. The UE needs to feed back:

· CQI for all streams

· Preferred precoding matrix index (CL-SDMA)

· Preferred set of column vectors

Given that the number of precoding matrices needs to be large, the uplink overhead is larger for CL-SDMA.

3.5
Downlink Overhead

For SU-MIMO, the transmitter needs to indicate the MCS for each stream for each UE.

For CL-SDMA, the transmitter needs to indicate the MCS for each stream and the precoding matrix utilized per UE. 
The precoding matrix needs to be signaled to construct the channel estimate from a common pilot. Alternatively, dedicated pilot tones could be inserted in the data resource blocks and demodulation needs to be performed using these tones. Either way, the downlink overhead is larger for CL-SDMA.
3.6
Implications of SIC

In the SU-MIMO scenario, a MCW capable UE should feed back the CQI per stream assuming that it can perform inter-stream interference cancellation (IC). 

If the system allows for CL-SDMA, the CQI feedback format for a MCW capable UE needs to be clearly specified. If we state that the choice of SU-MIMO or CL-SDMA based transmission to that UE rests with the scheduler, there are issues. As stated earlier, the CQI per stream for single user MCW MIMO is based on IC, while the CQI per stream for CL-SDMA is based on MMSE suppression and not IC.
4
Summary


Based on the discussion in section 3, we propose to adopt the following high level principles for E-UTRA and capture it as text in TR 25.814.
· The system supports SU-MIMO and SDMA simultaneously

· Each UE is configured in either SU-MIMO mode or SDMA mode

· The UE configuration is based on the Tx/Rx scenario
· If a UE is configured in SU-MIMO mode, the CQI per stream is based on SIC for MCW transmissions

· If a UE is configured in SDMA mode, the CQI per stream is based on MMSE suppression of streams not intended for this UE

A refinement of the table in section 3 is shown below. Only SU-MIMO and CL-SDMA are considered.

	Scenarios
	Rx = 1
	Rx = 2
	Rx = 4

	Tx = 2
	CL-SDMA
	SU-MIMO

	Tx = 4
	CL-SDMA
	SU-MIMO*
	SU-MIMO


Table 2

CL-SDMA vs. SU-MIMO
The scenarios are expanded as:

· 2x1

· 2 users, 1 stream per user

· 2x2

· 1 user, 2 streams per user

· 2x4

· 1 user, 2 streams per user

· 4x1

· 4 users, 1 stream per user

· 4x2

· 2 users, 2 streams per user

· CQI based on SIC of intra-user streams and MMSE suppression of inter-user streams

· 4x4

· 1 user, 4 streams per user
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