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1 Introduction
In this contribution, we quantify MIMO gains with unitary pre-coding for different transmit/receive antenna configurations in the downlink from a link-level perspective.  The transmissions are pre-coded with a unitary matrix, which is a result of a Singular Value Decomposition (SVD) of the channel between the transmitter and the receiver.  It has been shown [1] that such pre-coding schemes can be capacity-achieving.  
We consider the following Tx × Rx configurations:  2x2, 4x2, and 4x3, to show the possible gains resulting from pre-coding and to show the performance of the technique for different antenna configurations and streams.  In a separate contribution, we show the gains from a system-level perspective [2].  In another contribution, we show how to quantize the pre-coding matrix to provide near ideal performance at a low feedback rate [3].  
2.1 Example architecture
One example of a system architecture using unitary pre-coding is shown in Figures 1 and Figure 2 below.  
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Figure 1: Example transmit architecture for MIMO pre-coding
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Figure 2: Example receiver architecture for pre-coded MIMO
In this example architecture for a single-codeword system, the channel is estimated at the receiver, and an SVD is computed from the channel matrix (H), such that:
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Minnie, I changed the conjugate notation to be consistent with my drafting contribution.

The columns of V that correspond to non-zero eigen-values form a matrix that is quantized using a codebook search.  The indices resulting from this search are fed-back to the transmitter.  At the transmitter, the beam-former is then re-constructed using the indices of this search.  
3.1 Feedback
We show the performance of two types of codebooks.  The first is a “one-shot” codebook.  The second is a continuous (called a “tracking”) codebook.  Details of these codebooks are described in [3] and [4].
There are three vector codebooks that comprise the “one-shot” codebook.  The vector codebooks have dimensions 4, 3, and 2 and have 64, 32, and 16 vectors respectively.  In order to reduce overhead for continuous feedback mode that is the most common mode, another three vector codebooks are used for the “tracking” codebooks.  They have the same dimensions but smaller sizes of 16, 8, and 4 vectors respectively.  The feedback overhead for various antenna configurations are summarized in Table 1. 

Table 1  Feedback overhead of the proposed schemes for eight antenna and data stream configurations. 

	
	2×2,

1 stream
	2×2,

2 streams
	4×2,

1 stream
	4×2,

2 streams
	4×3,

1 streams
	4×3,

2 streams
	4×3,

3 streams
	4×4,

1 streams
	4×4,

2 streams
	4×4,

3 streams
	4×4,

4 streams

	Continuous mode

(bits per 25 subcarrier per feedback period)
	2
	2 
	4
	7
	4
	7
	9
	4
	7
	9
	9

	“one-shot” mode

(bits per per 25 subcarriers per feedback period)
	4
	4
	6
	11
	6
	11
	15
	6
	11
	15
	15


4.1 Performance results
Details of link layer and channel-modeling assumptions are found in the Appendix.

We choose the following antenna configurations and rates to get a representative selection: 
1. Rate-1, 2x2 (2 Tx antennas at Node B, and 2 Rx antennas at the UE).  Under the same antenna configuration, we compare the pre-coded system with a space-time block-coded (STBC) system using the rate-1 Alamouti code plus Maximal Ratio Combining (MRC).

2. Rate-2, 4x2 (4 Tx antennas at Node B, and 2 Rx antennas at the UE).  In this case, we compare the pre-coded system with the following (STBC) system from [5].
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3. Rate-3, 4x3 (4 Tx antennas at Node B, and 3 Rx antennas at the UE).  In this case, we compare the pre-coded system with the reduced-layer V-BLAST system with the following encoding matrix:
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Figure 3 shows block error rate (BLER) results for 2×2 with 1 data stream, where modulation is QPSK and FEC code rate is 1/3.  The beam-forming gain over the Alamouti code plus MRC, is 2.5 dB.  We see that the performance degradation due to quantization is 0.15 dB from ideal feedback, at even at speeds of 120 km/ph.   The continuous mode has the same performance as the “one-shot” mode with half of the feedback overhead of the “one-shot”.   Using a simple capacity calculation, for 400-800 b/s in the uplink, we get a downlink gain of 181 kbps per 25 subcarriers, where 25 subcarriers correspond to 375 kHz.  
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Figure 3:  Downlink beam-forming block error rate (BLER) results for 2x2 with 1 data stream.  There are two transmit antennas at Node B and two receive antennas at the UE.
Figure 4 shows BLER results for 4×2 with 2 data streams, where modulation is 16QAM and FEC code rate is 2/3.  The beam-forming gain over the space-time code [5] is between 3-4 dB, depending on the speed.  The performance degradation due to quantization is 0.8 dB from ideal even at speeds of 120 km/hr.   The continuous mode has the same performance as the “one-shot” mode with 62% of the feedback overhead of the “one-shot”.   The “one-shot” mode works fine even at 120 km/h with 0.6 dB degradation from 3 km/h.  Using a simple capacity calculation, for 1.4-2.2 kbps in the uplink, we get a downlink gain of 1.354 Mbps per 25 subcarriers.  
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Figure 4:  Downlink beamforming block error rate (BLER) results for 4×2 with 2 data streams. There are four transmit antennas at Node B and two receive antennas at UE.
Figure 5 shows BLER results for 4×3 with 3 data streams, where modulation is 64QAM and FEC code rate is 2/3.  The beam-forming gain over space-time code is between 3-3.5 dB.  The performance degradation due to quantization is 0.8 dB. The continuous mode has the same performance as the “one-shot” mode with 60% of the feedback overhead of the “one-shot”.  The “one-shot” mode works fine even at 120 km/h with 0.9 dB degradation from 3 km/h.  Using a simple capacity calculation, for 1.8-3.0 kbps in the uplink, we get a downlink gain of 2.374 Mbps per 25 subcarriers.  
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Figure 5: Downlink beamforming block error rate (BLER) results for 4×3 with 3 data streams. There are four transmit antennas at Node B and three receive antennas at UE.
5.1 Conclusions

In this contribution, we have shown that significant beam-forming gains can be achieved from unitary MIMO precoding. We show that this is possible using code-book methods even at high speeds (120 km/hr).  We also show that for a few kbps of feedback cost incurred in the uplink, we get Mbps gain in the downlink.  We propose that unitary precoding is supported in MIMO framework for 3GPP LTE.
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7.1 Appendix
Tables A.1 and A.2 show some of the key link-level and channel modeling assumptions.  

Table A.1– OFDMA simulation parameters
	Issues
	Details

	DL Modulation
	QPSK, 16QAM, 64QAM

	Coding for data channel and Mother code rate
	Turbo, 1/3, 2/3

	Non-ideal receiver functions
	Ideal channel estimation 

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Long

	Number of OFDM symbols per subframe
	4 (data) + 2 (pilot) 

	RB size
	25 tones, 1 sub-frame

	Block size
	960 bits

	HARQ
	None

	Target PER
	1%


Table A.2 – Channel model assumptions
	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Typical Urban (TU) with spatial extension

	Spatial channel model
	Tx/Rx correlation matrices

	Tx correlation 
	0.2

	Rx correlation
	0

	UE speed
	3km/h, 120 km/h

	HARQ
	None

	Target PER
	1%

	Feedback delay (between channel estimation and beam-forming application)
	2 TTI

	Feedback period
	5 ms (3 km/hr), 0.5 ms (120 km/hr)
































_1200919550.vsd
Turbo 
Encoder


Codebit Parser
and
Space-Frequency
Interleaver


Codebook
Reconstruction


QAM
Mapper


QAM
Mapper


Beam-
former


IFFT


IFFT


Analog Processing


Analog Processing


...


...


...


ABL Controller



_1200925522.unknown

_1200932502.unknown

_1200923660.unknown

_1200918568.vsd
Turbo 
Decoder


Space-Frequency
Deinterleaver


Channel estimation
and SVD computation


LMMSE detector


FFT


FFT


Analog Processing


Analog Processing


...


...


Codebook
Search



