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1. Introduction

Section 9.1.1.2.2 of [1] states that multiple orthogonal pilots can be allocated so that a single UE with multiple transmit antennas can use MIMO techniques on the uplink or so that different UEs can share the same time frequency resource (i.e., receive SDMA).  This contribution provides more details beyond those of [4], considering open-loop MIMO and receive SDMA on the uplink.

2. Uplink MIMO

For those optional E-UTRA UE categories that have multiple transmit antennas, the peak data rate of the uplink can be increased through open-loop MIMO techniques [2] if the channel conditions allow.  Simply put, in open-loop
 MIMO each transmit antenna at the UE transmits different data symbols on the same time-frequency resource (the different data symbols may all be part of one codeword or could be from different codewords).  Assume that the Node B has MR receive antennas and the UE has MT transmit antennas, then the received MR(1 frequency-domain signal at the Node B is modeled (in the frequency-domain) as the multiplication of a frequency-domain channel by a symbol vector as follows (it is assumed that the number of data streams equals the number of transmit antennas, MT):
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where H(k,b) is the MR(MT uplink frequency-domain channel, 
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 is the MT(1 frequency-domain symbol vector (i.e., the FFT of the transmitted time-domain symbols), and N(k,b) is additive noise with zero mean and covariance matrix 
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 is present in (1) to keep the average transmit power equal to one.

It is known that a gain over MMSE reception can be obtained if successive cancellation is used to decode the streams if a stream is decoded, re-encoded, then mapped back to symbols before the cancellation step.  However, for the Node B to be able to perform successive cancellation reception each stream should be encoded separately (i.e., multiple codewords should be used).

To perform uplink open-loop MIMO the following must be enabled:

1. Orthogonal pilot patterns must be available to allow channels to be estimated from multiple transmit antennas at the UE on the same uplink resource(s).

2. The control signaling must be able to assign multiple data streams to one UE on the same uplink resource(s).

3. Uplink SDMA

Receive SDMA [2]

 REF _Ref130344181 \r \h 
[3] is a straightforward means of increasing the uplink capacity by enabling multiple UEs to share the same time-frequency resource.  It will be assumed that each UE has only a single transmit antennas (however uplink SDMA can be employed even if the UE has more than one transmit antenna).  All of the Nu UEs that will share the same time-frequency resource are assumed to be synchronous so that the received MR(1 frequency-domain signal at the Node B can be modeled as the multiplication of a frequency-domain channel by a symbol value as follows:
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where Hu(k,b) is UE u’s MR(1 frequency-domain channel, Xu(k,b) is UE u’s frequency-domain symbol, and N(k,b) is additive noise with zero mean and covariance matrix 
[image: image6.wmf]R

M

n

I

2

s

.  Note that Xu(k,b) is the FFT of time-domain symbols for UE u.  As in the MIMO case the Node B can either use MMSE or successive cancellation reception (since each UE will encode their data streams separately from the other UEs).

To perform receive SDMA the following must be enabled:

1. Orthogonal pilot patterns must be available to allow channels to be estimated to multiple UEs on the same uplink resource(s).

2. The control signaling must be able to assign multiple UEs to use the same uplink resource(s).
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� By “open-loop” here we mean non-precoded transmission with equal power on all antenna elements.  CQI may still be used.
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