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1. Introduction
At the RAN1 Ad Hoc on LTE in Denver, a unitary pre-coding technique was presented that provided beam-forming gain and low feedback overhead [2].  This technique, through the use of column-by-column reconstruction and quantization, provides the flexibility to support all the possible antenna configurations from 1x1 to 4x4 and numbers of data streams from 1 to 4.  
The reconstruction and quantization techniques are illustrated in Figures 1 and 2.   The reconstruction and quantization steps reveal the scaleable structure of the codebook.  Here, V represents the unitary matrix derived from an SVD of the channel matrix H, and Fi represents a Householder transformation.
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Figure 1.  Illustration of the reconstruction of beamforming matrix at Node B.
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Figure 2. Illustration of recursive quantization of beamforming matrix.
2. Performance Results

We provide further link-level evaluation results for the previously presented system, including throughput curves, H-ARQ, channel estimation, and receiver complexity estimates.   

Details of link layer and channel-modelling assumptions are found in the Appendix.

We choose the following antenna configurations and rates to get a representative selection: 

1. 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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2. 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.  Throughput comparisons for a 4x3 system with 3 data streams.

Figure 3 shows a link-level throughput hull curve for 4×3 with 3 data streams, using the following modulation and code rate choices (QPSK 2/3, 16-QAM ½, 16-QAM 2/3, 64-QAM ½).  The beam-forming gain over the space-time code is between 0-4 dB, depending on the signal-to-noise ratio.    
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Figure 4. Throughput comparisons for a 4x2 system with 2 data streams.
Figure 4 shows throughput hull curves for a 4x2 system with 2 data streams.  The beam-forming gain over the space-time code is between 0-5 dB. 

The block-error rate vs. signal-to-noise curves for two example antenna configurations, modulation, and coding rates are shown in Figure 5 to demonstrate the non-ideal effects of imperfect channel knowledge (without H-ARQ).  It can be seen that when using simple linear channel estimation techniques, the performance of pre-coding does not significantly degrade when compared with other MIMO schemes, such as open-loop Tx diversity.  More comprehensive details can be found in [1].  
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Figure 5: Downlink beam-forming block error rate (BLER) results with channel estimation.
3. Text proposal
At the RAN1 Ad Hoc on LTE in Denver, several pre-coding methods were discussed [2-8].   Given the advantages of a pre-coded system that requires a flexible architecture that can support all the possible antenna configurations and numbers of streams, we propose to make the following changes to the text:
------------------ start text proposal ---------------------

7.1.1.4.2
High level principles of MIMO for unicast traffic

· Use  of pre-coding as a means to convert the antenna domain MIMO signal processing into the beam domain processing should be investigated. It is FFS whether the precoding should be unitary or non-unitary. Because precoding might require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.  Any additional feedback required for precoding and any additional related computational complexity in the UE should also be taken into account.  Precoding techniques that are scaleable for all antenna configurations, numbers of users, and numbers of streams should be considered.  
------------------ end text proposal -----------------------
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4.   Appendix
Tables A.1 and A.2 show some of the key link-level and channel modelling assumptions.  

Table A.1– OFDMA simulation parameters
	Issues
	Details

	DL Modulation
	QPSK rate 2/3, 16QAM rate ½., 16-QAM rate 2/3, 64QAM rate 1/2

	Coding for data channel
	Turbo

	Non-ideal receiver functions
	Linear 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
	FEC block fills up one RB block

	HARQ
	Chase combining, synchronous, non-adaptive
6 sub-frames between retransmissions, 3 retransmission

	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 
	0.75 according to the latest SCME model

	Rx correlation
	0

	UE speed
	3km/h

	Feedback delay (between channel estimation and beam-forming application)
	5 ms (10 TTI)

	Feedback period
	5 ms (10 TTI)
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