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Discussion
Summary
Past contributions confirmed downlink throughput improvement via closed-loop MIMO techniques, employing unitary precoder derived from the SVD of the matrix channel (see, e.g. [1]). Though such complete orthogonalization of the channel allows simple linear detectors (e.g. MMSE) to attain good performance, it results in (sometimes vastly) disparate gains across spatial streams, and the resulting stream-wise capacity matching increases the computations and CQI feedback overhead associated with link adaptation, and in extreme cases may cause capacity loss due to the finite maximum constellation size. These issues can be largely resolved if a channel can be decomposed into one that is partially orthogonalized but has equal gains across all spatial streams. This contribution highlights the efficacy of  such a scheme. A unitary precoding matrix is derived via uniform channel decomposition (UCD, see, e.g. [2]) technique, which ensures equal subchannel gains (that all equal the geometric average of  the singular values of the channel), but allows residual inter-stream interference which is subsequently suppressed by nonlinear detection techniques (e.g. MLD). The equal-gain property allows simple link adaptation that chooses a single MCS across all spatial streams, while still maintaining a SVD-like throughput performance. Note that the UCD technique builds on SVD, and introduces negligible computational overhead mainly in the form of additional Givens rotations. Furthermore,  MLD-based MIMO detectors have already been shown to improve throughput for open-loop MIMO systems [3][4], with acceptable complexity [5]. 
Throughput Benchmark
Given a 2-stream system with a 3-PRB resource allocation, we compare downlink throughput performance between a UCD-based 4x2 closed-loop spatial multiplexing system and its SVD-based counterpart. The UCD-based system employs uniform bit allocation (determined by a mutual information criterion) across the two streams, whereas the SVD-based system utilizes stream-wise bit allocation. No rank adaptation was assumed. To mirror realistic feedback constraints, we feed one unitary matrix back for every physical resource block, once every 10 subframes. The rest of the simulation parameters are found in the Appendix. Figure 1 shows that the two schemes achieve similar throughput performance when the precoding matrices are fed back directly. Additional data have also shown the same to be true when both schemes feed the codebook indices back using a common codebook adopted in [1]. Furthermore, it is expected that such equal-gain schemes are typically less susceptible to channel mismatch effect due to increased user mobility, a topic for further study.
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Figure 1. Throughput comparison between UCD and SVD precoding schemes
Conclusion

We demonstrate that it is feasible to achieve SVD-like throughput performance with a unitary precoder that allows uniform bit allocation across all spatial streams, and believe that this type of unitary precoding scheme should be supported within the closed-loop SU-MIMO framework, due to reduced complexity/overhead for link adaptation.
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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, 16-QAM, 64-QAM

	Coding for data channel and Mother code rate
	Turbo, 1/3(3/4 (7 code rates)

	Non-ideal receiver functions
	Ideal channel estimation 

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Short

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

	RB size
	25 tones, 1 sub-frame

	Block size
	FEC block fills up three RB blocks.

	HARQ
	Bit level Chase combining. The maximum retransmission number is 3.  Transmission is synchronous transmission with a period of 6 subframes. 

	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 
	0.25 according to the latest SCME model

	Rx correlation
	0

	UE speed
	3km/h

	Target PER
	1%

	CQI delay 
	10 TTI (3km/hr)
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