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1. Introduction

In TDD operation, uplink sounding (ULS) [1] is an excellent means of getting full broadband channel knowledge at the Node B (full channel information means channel information that tracks the frequency selectivity of the channel for all pairs of Node B transmit and UE receive antennas).  ULS works by pilots being sent from each antenna at the UE on the uplink, the Node B measuring the channels from each antenna at the Node B to each antenna at the UE, and then the Node B creating a downlink channel estimate for all antenna pairs from the uplink channel estimate plus calibration data (the calibration data accounts for difference in the transmit and receive hardware at the Node B).  However, to obtain the maximum benefit from ULS, all receive antennas at the UE must have a corresponding transmit chain.  In the cases where the UE has fewer transmit chains than receive chains (e.g., in the case of two receive antennas and only one transmit antenna), there are two promising methods for obtaining either the precoding weights or the channel information for the UE antennas without transmit chains.  The first method [6] 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 method is direct channel feedback (DCFB) [2] which can be used in a complimentary manner with ULS to obtain channel information for UE receive antennas that do not have a corresponding transmit chain.  This contribution discusses using DCFB in a complimentary manner with ULS and additionally contains a text proposal on the use of DCFB.  Simulation results are also shown to demonstrate that four transmit antennas with DCFB can meet the 100 Mbps peak data rate requirement (for 20 MHz bandwidth) at a substantially lower SNR than open-loop techniques.
2. DCFB with ULS in TDD

Mixing DCFB with ULS in TDD when the UE has some receive antennas without a corresponding transmit chain is a reasonable combination because the transmitted DCFB waveform needs pilot symbols so it can be coherently detected.  Hence the DCFB waveform that contains channel information for the receive antennas without a transmit chain can be sent on one of the antennas that has a corresponding transmit chain.  This DCFB transmission will also include pilot symbols for coherent detection of the DCFB waveform.  Then the pilot symbols can be used to obtain the channel information at all of the Node B antennas for the receive antenna with a transmit chain.  The channel information for all of the other receive antennas at the UE is contained in the DCFB waveform.

For example, assume there are two receive antennas at the UE but only the first antenna has a transmit chain.  The first antenna at the UE sends pilots on every sixth subcarrier on the uplink starting at subcarrier one (these pilots are used for determining channel estimates for ULS and coherently detecting the DCFB portion).  The first UE antenna also sends the DCFB waveform for UE antenna two which contains channel information for UE antenna two and all of the Node B antennas.  In this example, the DCFB waveform for UE antenna two and Node B antenna one is sent from the first UE antenna on every sixth subcarrier on the uplink starting on subcarrier two.  At the same time, the first UE also sends the DCFB waveform for UE antenna two and Node B antenna two on every sixth subcarrier on the uplink starting on subcarrier three, and so forth for the remaining Node B antennas.  This example is shown in Figure 1 for four transmit antennas.
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Figure 1. Example of DCFB combined with ULS for four antennas at the Node B and two antennas at the UE (only the first UE antenna has a transmit chain).  P stands for pilot symbols (i.e., uplink sounding waveform) sent from the first antenna, Fm-n stands for DCFB feedback for the mth antenna at the Node B and the nth antenna at the UE, and N stands for a subcarrier with no feedback.

3. Simulation Results
The combination of DCFB and ULS is tested using the simulation parameters shown in Table 1.  All results are for two separately-coded data streams with the same modulation and coding rate.  The combining weights are found separately on each subcarrier assuming linear MMSE reception at the receiver using the technique of [4] with the improvement in [5] (i.e., an FFT matrix is used instead of an identity matrix for the right singular vectors of the transmit matrix).  The results marked “Ideal-MMSE” assume the transmit weights are designed with perfect (but delayed) channel information at the Node B, the results marked “ULS-DCFB-MMSE” use ULS and DCFB to obtain the channel information used to design the transmit weights, and the results marked “OL-MMSE” are for open-loop MIMO with linear MMSE reception.  For these results, the ULS/DCFB combinations followed the example from Section 2 and the uplink  SNR is the same as the downlink SNR.  For the DCFB portion, the delay from when the downlink channel is measured and when the precoding is applied is 12 OFDM symbols.  For the ULS portion, the delay from when the DCFB waveforms plus pilots are sent to when the precoding is applied is 3 OFDM symbols.

As can be seen, with QPSK a gain of about 2.0 dB over open-loop MIMO is obtained in the 2-2 case for ULS/DCFB and about 6.0 dB in the 4-2 case for ULS/DCFB.  For 64-QAM, again about a 2.0 dB gain over open-loop MIMO is obtained in the 2-2 case for ULS/DCFB, but about a 9.5 dB gain is obtained in the 4-2 case for ULS/DCFB.  Also the results show that the peak data rate requirements can be met at lower SNRs with closed loop techniques than open loop techniques especially when the Node B has four transmit antennas.
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Figure 2. Results for two transmit antennas (left) and four transmit antennas (right) for rate ½ turbo-coded QPSK.  The UE has two receive antennas in both cases (but only one of the antennas has a transmit chain).  In the four antenna case, the open-loop method only transmits data from two antennas.
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Figure 3. Results for two transmit antennas (left) and four transmit antennas (right) for rate ¾ turbo-coded 64-QAM.  The UE has two receive antennas in both cases (but only one of the antennas has a transmit chain).  In the four antenna case, the open-loop method only transmits data from two antennas.

4. Conclusions

This contribution showed that besides being able to provide full channel knowledge at the Node B in FDD, DCFB is also useful for providing full channel knowledge at the Node B in TDD for UE antennas that only have a receive chain.  Also simulation results demonstrated that the use of DCFB with four transmit antennas can enable EUTRA to meet the peak data rate requirements at a much lower SNR than open loop techniques.
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Table 1.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	0.675 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Propagation channels
	TU (3 km/h)

	Channel estimator
	DFT-based [3] for ULS and DCFB, no channel estimation performed on the DL precoded  transmission

	Modulation
	QPSK and 64-QAM

	# of TX antennas
	2 and 4

	# of RX antennas
	2

	Turbo Coder
	R=1/2 for QPSK and R=3/4 for 64-QAM



-------------------------------------Start of text proposal----------------------------------------------------------
Direct Channel Feedback (DCFB)

Direct channel feedback (DCFB) can be used to enable the Node B to get downlink channel response information between each Node B transmit antenna and each UE receive antenna at all subcarriers in a particular downlink assignment in FDD and in TDD.  In summary DCFB operates as follows:  When instructed by the Node B, the UE estimates the complete (frequency selective) channel responses for all Node B transmit antennas for the particular downlink assignment specified by the Node B.  Next, the UE transmits these responses back to the Node B in the frequency domain (using a DCFB waveform) in place of the usual data symbols.  (A subset of the channel responses, eg. every Nth subcarrier, may instead be transmitted to reduce the feedback overhead.) The DCFB waveform is simply a combination of each channel estimate multiplied by a scrambling code (in its simplest form the DCFB waveform on one subcarrier may be the channel estimate for one transmit antenna and one receive antenna multiplied by a scrambling symbol where the scrambling symbol is a constant-modulus symbol known to both the Node B and the UE).  The Node B recovers the channel information by using standard channel estimation techniques on the estimated DCFB waveform.  Some examples of how DCFB can be used at the Node B are:
· For providing channel information at Node B in TDD along with uplink sounding when the UE has receive antennas without a corresponding transmit chain.  For example if the UE has two receive antennas and only the first antenna has a transmit chain, then uplink sounding can be used to obtain channel knowledge for the first antenna and DCFB can be used to obtain channel information for the second antenna.  Since the first antenna transmits the DCFB waveform and the sounding waveform, the channel obtained via the sounding waveform can be used to coherently detect the DCFB waveform.

· For determining downlink precoding weights when codebook feedback is not used (in TDD or FDD systems).

· For providing additional channel information to support channel dependent scheduling on the downlink to augment CQI feedback (e.g., on resource blocks not reported in CQI feedback).





























































































































































































































































� Note that in 5 MHz that two stream R=3/4 64-QAM gives a data rate of 27 Mbps in 5 MHz or 108 Mbps in 20 MHz (assuming control and pilots require two OFDM symbols in a sub-frame).
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