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1. Introduction

In [1] the details of uplink sounding are given where the Node B instructs the UE where and how to sound (i.e., send a known pilot sequence) on the uplink.  The uplink sounding information is useful at the Node B for determining downlink beamforming weights (especially in TDD), for channel dependent scheduling on the uplink (in FDD or TDD), and for channel dependent scheduling on the downlink (in TDD).  In this contribution, specific text proposals are given to add the important uplink sounding feature to EUTRA.
To summarize the conclusions from [1], the advantages of uplink sounding are:

1. The computational burden for computing the transmit weights is placed on the Node B (all that the UE needs to do is to respond to a sounding request from the Node B and transmit the sounding waveform).

2. In TDD, the latency between when CSI is obtained and when the beamforming weights are applied can be very small (e.g., three or four OFDM symbol times) and thus uplink sounding is viable even at higher UE speeds.

3. It is future proof (in terms of computing beamforming weights) because the Node B has full CSI and can change transmit weight strategy in the future (e.g., in codebook-based methods, the transmit weight strategy used is set at the time the standard is approved).

4. It is scalable to any number of transmit antennas at the Node B.

5. For extremely low uplink SNRs, sounding can be done with heavy decimation across frequency to boost the pilot power.

2. References

[1] 3GPP R1-060668, “Uplink sounding for obtaining MIMO channel information at Node B in EUTRA,” Motorola, Denver, Colorado, February 13-February 17, 2006.
Text proposal (could be captured in the chairman’s notes):
-------------------------------------Start of text proposal----------------------------------------------------------
Uplink channel sounding
The Node B can instruct a UE to transmit a sounding waveform at a particular time from one or more of the UE’s transmit antennas on all or a specified subset of the uplink bandwidth.   Some examples of how the uplink sounding can be used at the Node B are:
· For determining downlink beamforming/precoding weights, especially in TDD systems
· For providing channel information to support channel dependent scheduling on the uplink
· For providing additional channel information to support channel dependent scheduling on the downlink in TDD to augment CQI feedback (e.g., on resource blocks not reported in CQI feedback).

The sounding waveform for different transmit antennas at one UE or from multiple UEs can be orthogonal in either of the following two ways:
· By the different sounding waveforms occupying distinct sub-carriers.  This type of sounding achieves signal orthogonality in the frequency domain (i.e., the sounding waveforms for different transmit antennas at one UE or from multiple UEs are sent in an FDM fashion).

· By constructing sounding waveforms occupying a common set of sub-carriers that are orthogonal in the code domain.  As an example, individual sounding waveforms may be distinguished by a specific cyclic shift of a single reference sequence in the time domain (i.e., the sounding waveforms for different transmit antennas at one UE or from multiple UEs are sent in an CDM fashion).
The sounding waveform may be time multiplexed into an uplink subframe such that it replaces one of the data symbols in the subframe.
The sounding waveform can be generated by mapping a truncated generalized chirp-like CAZAC sequence to the set of subcarriers to be occupied by the sounding waveform.  The length of the sequence should be a prime number before truncation.
-------------------------------------End of text proposal----------------------------------------------------------
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