3GPP TSG RAN WG1 #44                                                               
R1-060668
Denver, USA. Feb 13-17, 2006
Source: 
   Motorola
Title:
Uplink sounding for obtaining MIMO channel information at Node B in E-UTRA
Agenda Item:

13.1.2
Document for:
Discussion
1. Introduction

In [2], a summary of promising feedback methods was given describing possible means for obtaining channel state information (CSI) at the Node B for closed-loop beamforming.  One of the methods described was uplink sounding where the UE transmits a sounding waveform on the uplink and the Node B estimates the uplink channel to the UE from the received sounding waveform.  Because the uplink and downlink RF channels are reciprocal in TDD, the Node B can use the uplink channel estimates to beamform on the downlink.  In this contribution, additional details of uplink sounding for TDD mode are given.  (It is also possible to use uplink sounding for some situations in FDD, such as DOA-based beamforming or uplink frequency-selective scheduling.)
Uplink sounding is primarily designed for when the uplink data traffic (or ack/nack) is insufficient for the Node B to measure the uplink channel on the subcarriers where the next downlink transmission will occur.  Given the asymmetric nature of data traffic, it is likely that the uplink right before the beamformed downlink will not sound enough of the channel to beamform the downlink.  Thus it is essential for the Node B to have a mechanism to request the UE to sound the uplink on the subcarriers where the next downlink will occur.

2. Overview of Uplink Sounding

As noted in [1], uplink sounding is applicable to the TDD mode (and possibly some scenarios in the FDD mode, as mentioned above).  Simply put, uplink sounding is essentially the UE sending a sounding waveform (i.e., pilot symbols) on the uplink so that the Node B can measure the channel between each antenna at the UE and each antenna at the Node B.  Figure 1 shows a timing diagram of uplink sounding in TDD.  First, the Node B requests the UE to sound the portion of the band that the Node B will use for transmission to the UE during a subsequent downlink (the UE may be requested to sound the entire band in some situations).  Next, the UE sends a sounding waveform on the subcarriers requested by the Node B in an uplink preceding the downlink transmission (the exact location of the uplink sounding waveform will be dependent on how quickly the Node B can process the sounding waveform).  Then the Node B uses the CSI obtained from the sounding waveform to create transmit weights and transmit data with the calculated TxAA weights.
In Figure 2, the block diagram for the uplink sounding signal sent from the mth antenna at UE number u is given.  As described in the next section, the pilot sequences, xu,m(k) are chosen to be orthogonal between all of the UE’s antennas and also are designed to have a low peak-to-average power ratio (PAPR) in the time-domain (e.g., using generalized chirp-like (GCL) sequences [3]).  As a result, the same block diagram is applicable to both OFDMA and DFT-SOFDM uplinks (i.e., with DFT-SOFDM the DFT spreading block can be bypassed when transmitting the uplink sounding signal).
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Figure 1.
Timing diagram for uplink sounding in TDD (UL=uplink and DL=downlink).
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Figure 2.
Block diagram for uplink sounding from UE u’s mth transmit antenna.

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. 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 because the Node B has full CSI and can change transmit weight strategy in the future (e.g., in most 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.

3. Details of Uplink Sounding

The details of uplink sounding are given in this section.  First, it will be assumed that one symbol in one subframe on the uplink can be dynamically reserved for uplink sounding (i.e., uplink sounding is time multiplexed with other data in a subframe, and the Node B would indicate that the reserved symbol is not available for use by scheduled traffic).  The Node B will request the mobile to sound the channel on sounding blocks containing 25 subcarriers (the sounding block size is designed to match the physical resource block size [4]).  The Node B instructs the UE which sounding block to start sounding from (denoted Fs) and the number of contiguous sounding blocks (denoted Nf).  Note that no sounding block contains the DC subcarrier (i.e., the DC subcarrier is skipped when assigning sounding blocks).  For example in the 5.0 MHz deployment, where there are 12 possible sounding blocks (numbered 0 through 11), the Node B could request the mobile to sound Nf=3 sounding blocks starting at sounding block number Fs=4.  Then the mobile would sound the uplink by sending one of the following sounding sequences on sounding blocks 4, 5, and 6.  Note that if more than one group of contiguous groups of sounding blocks need to be sounded, then the Node B can send more than one sounding request to the UE.  Along with the sounding blocks to be sounded the Node B also needs to signal whether the mobile should use decimated sounding or cyclic-shift sounding (these sounding options are described below) and also the parameters associated with the sounding method.
Note that in all of the following it is assumed that the UE indicates its capabilities (e.g., the number of receive and transmit antennas) to the Node B at some point (e.g., at the time the UE powers up).  If the UE has more receive antennas than transmit antennas, then the UE can sound the antennas with transmit chains and then use another method to get channel information for the other receive antennas (e.g., the direct channel feedback of [2]).
3.1. Decimated Sounding

In decimated sounding, the UE’s first transmit antenna sounds every Dth subcarrier across all contiguous sounding blocks starting from the Bth subcarrier (where B is relative to the first subcarrier in the group of sounding blocks).  The other transmit antennas at the UE start sounding on subsequent subcarriers adjacent to the Bth (i.e., the mth transmit antenna starts transmitting from subcarrier B+m-1).   The sounding waveform for the mth transmit antenna (m=1,2,…,Mu, where Mu is the number of transmit antennas at UE u) for UE u for decimated sounding is given as:
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where s(k) is a sector-specific constant modulus pilot sequence (preferably a low PAPR sequence such as the GCL sequence [3]), Bu is the value of B for UE u, Du is the value of D for UE u, k goes from 0 to 25Nf-1, ((k) is one if k is zero and is zero otherwise, and (k)D means k modulus D.  Note that the square root of Du/Mu is present to keep the average transmit power across the group of sounding blocks to be one.
It is proposed not to signal D, but instead P where D=2P and P=0,1,2,3,4,5,6,7 (i.e., three bits are used to signal P).  It is also proposed to signal seven bits for B (i.e., B=0,1,…,127).  Hence up to 128 UEs can sound at a given time using decimated sounding.
3.2. Cyclic-Shift Sounding

In cyclic-shift sounding, the UE transmits from each transmit antenna on all subcarriers in the group of contiguous sounding blocks that it is instructed to sound on.  The channels for the UEs and their different antennas are separated through the use of a linear phase ramp which results in a cyclic shift in the time domain (hence the term cyclic-shift sounding).  Two parameters are used to specify the cyclic-shift sounding waveform, P and n.  P is signaled with the same number of bits as in the decimation case, but the values for cyclic-shift sounding are 1,2,3,4,5,6,7,8.  Essentially P indicates the number of sources (i.e., transmit antennas) that can be separated in the time domain.  The other parameter is the cyclic-shift number, n, which is used to determine which phase ramp to use (n=0,1,2,3,4,5,6,7).  Note that cyclic-shift sounding is limited to have only 8 sources sound on a group of sounding blocks
.  The mth transmit antenna at the UE will use the cyclic-shift number n+m-1 (thus like the decimation case, specific signaling for the mth transmit antenna to sound is not needed).  Thus the cyclic-shift sounding waveform for the mth transmit antenna for UE u is given by:
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where s(k) is a sector-specific constant modulus pilot sequence (preferably a low PAPR sequence such as the GCL sequence [3]), nu is the cyclic-shift number, for UE u, and k goes from 0 to 25Nf-1.  Note that P is the same for all UEs.
The cyclic-shift sounding allows the Node B to separate the different sources in the time-domain (e.g., by taking an IFFT of the sum of the received sounding waveforms from all sources).  For example if there are two UEs each with two transmit antennas, P=4, n1=0, and n2=2, then the channels can be separated in the time domain (i.e., after the IFFT) as shown in Figure 3 for an NI-point IFFT (NI is chosen to be greater than or equal to 25Nf).
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Figure 3.
Example of how time-domain processing can be used to separate the channels to multiple sources using cyclic-shift sounding.
4. Performance Results

In this section, results are given for uplink sounding.  The 6-ray TU channel model was used with independent fading on each antenna branch, the UE speed was 3 kph or 120 kph, and the carrier frequency was 2.0 GHz.  There were four antennas (both receive and transmit) at the Node B and two antennas at the UE (both receive and transmit).  A full band downlink allocation was used (all subcarriers and all OFDM symbols in a subframe) and the uplink sounding waveform was generated using the decimated option (using the entire band to sound, i.e., Nf=12 and Fs=0) with a decimation factor of D=4.  The 3GPP turbo code was used to encode the data (the frame size for rate ½ QPSK was 2088 bits and the frame size for rate ¾ 64-QAM was 9438 bits).  The delay between when the sounding waveform is transmitted on the uplink to when the beamforming weights are applied is 3 OFDM symbols (0.214 msec).  The uplink SNR for sounding matches the downlink SNR.  For all results, no downlink channel estimation is performed (uplink sounding uses an IFFT-based channel estimator [6]).
Figure 4 and Figure 5 show results for single-stream beamforming for UE speeds of 3 kph and 120 kph with rate ½ QPSK and rate ¾ 64-QAM respectively using uplink sounding.  The beamforming weights fully track the frequency selectivity by applying a different transmit weight on each subcarrier using maximal ratio transmission (MRT) [5].  For rate ½ QPSK, uplink sounding is within about 1.5 dB of ideal beamforming (because of the very low SNR on the uplink) and for rate ¾ 64-QAM, uplink sounding is very close to ideal beamforming.  In all cases, uplink sounding gets at least a 6.0 dB gain from a single antenna transmission even at 120 kph.
Finally, Figure 6 shows FER results for Tx-SDMA (using zero-forcing Tx-SDMA weights [5]) with rate ½ QPSK where the Node B transmits to two UEs simultaneously.  Uplink sounding enables the Node B to transmit to two UEs even at 120 kph and is within 1.2 dB of ideal CSI.
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Figure 4.
Downlink beamforming FER results for four antennas at the Node B and a single UE (with two receive antennas) for rate ½ QPSK with a UE speed of 3 kph (left) and 120 kph (right).  The uplink SNR for sounding is the same as the downlink SNR on the x-axis.
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Figure 5.
Downlink beamforming FER results for four antennas at the Node B and a single UE (with two receive antennas) for rate ¾ 64-QAM with a UE speed of 3 kph (left) and 120 kph (right).  The uplink SNR for sounding is the same as the downlink SNR on the x-axis.
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Figure 6.
Downlink Tx-SDMA FER results for simultaneous transmission to two UEs on the same channel resources (using zero-forcing transmission) for rate ½ QPSK with UE speeds of 3 kph (left) and 120 kph (right).  The uplink SNR for sounding is the same as the downlink SNR on the x-axis.
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� Note that the time-domain channels to each source might start overlapping if P is too large.  For example, with 8 sources sounding with P=8, if the length of the channels is greater than 8.33 (sec than the channels to the sources will start to overlap in the time domain.
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