
3GPP TSG RAN WG1 Meeting #48bis
R1-071342
St. Julian, Malta, March 26-30, 2007
Source: 
   Motorola
Title:
Uplink sounding for obtaining channel state information at Node B in EUTRA
Agenda Item:

7.10.2
Document for:
Discussion and decision
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 precoding 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.  In addition, overhead requirements of uplink sounding are provided which show that sounding requires a small amount of uplink resources (no more than 1.19% per UE antenna if sounding is performed once per TTI).
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 precoding 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 precoding 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.

Note that to obtain channel information for all UE antennas, uplink sounding requires a transmit chain at each UE antenna.  If a UE antenna does not have a transmit chain, there are some promising techniques for the Node B to obtain either the non-codebook precoding weights or the channel to the UE antennas that do not have transmit antennas as long as resource symbols are sent from each transmit antenna at the Node B.  The first technique [2] sends the precoding weights directly in a coherent fashion if the Node B array is Tx-Rx calibrated or in an analog fashion if the Node B array is not Tx-Rx calibrated.  Because the precoding weights themselves are transmitted by the UE, the weights do not need to be part of a codebook.  The second technique [3] is to use direct channel feedback to send the downlink channel information for the UE antennas that do not have a transmit chain and uplink sounding to obtain downlink channel information for the UE antennas that have transmit chains.

2. Overhead Requirements of Uplink Sounding

Assume that: 1) The Node B is using frequency-selective precoding (i.e., a different weight on each subcarrier), 2) That sounding is performed once per TTI (i.e., every 1.0 msec), 3) That the sounding is done on a long symbol, 4) The UE will send sounding waveforms from two antennas, and 5) That the maximum expected delay is 11.1 (sec.  To handle up to a 11.1 (sec delay the sounding pilots must be separated no farther apart than once every 6 subcarriers.  Thus to handle sounding from two antennas at a UE
, there must be two sets of pilots (one for each of the assumed two antennas at the UE) each with pilots spaced every 6 subcarriers.  Thus the overhead is 1/3 of an OFDM symbol per TTI (a TTI being 14 symbols).  Thus the overhead is 2.38% (or 1.19% per UE antenna).
Note that an advantage of sounding over feedback methods is the overhead is independent of the number of antennas at Node B.  Also note that the overhead numbers can be much lower for low mobility UEs which do not need to sound every TTI.
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-------------------------------------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 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----------------------------------------------------------

























































































































































































































� The sounding can also be for multiple UEs where potentially a different UE sounds each different resource block.  Note that the overhead is identical whether it is assumed one UE sounds or a different UE sounds on each resource block since in both cases only one UE is sounding on a given resource block.
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