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1. Introduction

In the latest version of 3GPP TR 25.814, a basic structure for downlink reference-signal is agreed [1].  It is stated that possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO. In this contribution, we consider possible usage of reference signals for downlink beamforming matrix validation.
2. Downlink Beamforming Matrix Validation
2.1. Dedicated Pilot Design
For closed-loop MIMO systems, the beamforming matrices need to be extracted and quantized at the receiver. Their indices are periodically fed back to the transmitter. Due to channel fading and noise, the transmitter may sometime decode the indices erroneously. This error degrades the accuracy of the transmit beam. More severely damage might incur if the receiver is not aware of the error happened in the uplink and assumes the transmitter used the matrix it sent back. 

Besides using the forward error-correcting code (FEC) in the uplink, further protection on the matrix indices can be achieved with beamformed reference symbols. Similar ideas also appeared in [2, 3]. Assuming a subframe is partitioned into multiple resource chunks, each of which consists of a certain number of consecutive subcarriers in frequency and OFDM symbols in time. All the subcarriers within a chunk share a beamforming matrix. Among these subcarriers, we single out a few to load known data. These are called “dedicated pilots”. In contrast to common pilots, they carry viable information about the beamforming matrix. 
Trade-off has to be made to determine the number of dedicated pilots per chunk. The more pilots, the greater validation strength, but the fewer data subcarriers. Since most uplink errors are corrected by the FEC, we propose one pilot per transmit antenna. Further reduction is possible by assigning one pilot per data stream, but this requires dynamic pilot allocation. The pilots are uniformly spaced in time and frequency with random offsets to avoid interference from neighbour cells. Assuming a chunk consists of subcarriers indexed 0~Nc-1 and OFDM symbols indexed 0~Ns-1, the dedicated pilots are located at:
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where fi and ti are the subcarrier and symbol indices, respectively. Of and Ot are random offset in frequency and time, Nt is the number of transmit antennas.  The dedicated pilots are assigned to the data streams in a round-robin fashion. They are orthogonal to each other in the data stream domain, but not in the transmit antenna domain. Fig. 1 shows an example of dedicated pilots in a chunk.
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Fig. 1 Dedicated reference symbols in a chunk, assuming 4 Tx antennas, 2 data streams and 25 subcarriers per chunk. The numbers on dedicated reference symbols are stream indices.
2.2. Beamforming Matrix Validation
Let 
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 be the values of the dedicated pilots at the transmit antenna, where V is the beamforming matrix and P is a known matrix with orthogonal columns. After the channel, the receiver has 
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, where H is the channel matrix and N is the additive noise. The purpose of validation is to find whether the matrix V used by the transmitter is the same as the one fed back by receiver. Maximum likelihood detection can be employed to identify the matrix used at the transmitter. 
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If V* is not equal to what the receiver fed back, either an error occurred in the uplink or the detection caused a false alarm. With a noisy downlink, improved detection algorithms instead of straightforward implementation of (1) are developed to reduce the probability of false alarm.
The search becomes prohibitively complex when the codebook is large. Suboptimal method such as column-wise search can be used to reduce the complexity. 
3. Simulation Results

The proposed dedicated pilot structures are simulated at link level. The parameters used in the simulation are listed in Table. 1. 

Table.1 Simulation Parameters

	FFT size
	1024

	Cyclic prefix
	256

	Sub-frame during
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Channel model
	GSM TU 6-Tap with MIMO extension
BS antenna correlation: 0.25

MS antenna correlation: 0.0

	Channel estimation method
	Time domain MMSE with windows size of 15 subframes and frequency domain MMSE with window size of 16 subcarriers.

	UE speed
	3 km/h

	Packet size
	960 information bits

	Feedback interval
	10 TTI

	Feedback delay
	2 TTI

	Chunk size
	25 subcarriers X 6 symbols 

	Dedicated pilots
	1 per Tx Antenna


The uplink was modeled as a binary symmetric channel (BSC) with crossover probability 0.01 and 0.001. An improved version of (1) is used to reduce detection error.
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Fig. 2 Comparison for 4x2 antenna configuration
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Fig. 3 Comparison for 4x3 antenna configuration

PER curves are shown in Fig. 2 and 3. Comparison is made among the cases with error-free uplink (ideal uplink), ideal validation where the receiver was told the beamforming matrix by a genie, validation through dedicated pilot and no validation at all. It is shown that error floors occur when there is no validation. With the help of dedicated pilots, the performance gap is significantly reduced.
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