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1. Introduction

With closely-spaced Uniform-Linear Array (ULA) TX antennas the correlation between the signals received from different TX elements is typically high, corresponding to a narrowly-spread beam direction. Thus, one of the advocated methods for beamforming and MU-MIMO with ULA antennas is by learning the average beam direction from the uplink transmissions, which requires no feedback from the UE [1]. Alternatively, this angle can be learned from a slow-rate feedback which corresponds to a long-term, wide-band average of the channel spatial properties.
In contrast to beamforming and MU-MIMO, spatial multiplexing (SM) to a single user benefits from uncorrelated antennas. A very attractive antenna structure for this purpose is the cross-polarized (XPOL) structure because of its compact size compared to the alternative of a single polarised, widely-spaced ULA’s. The XPOL array (e.g. the 4TX structure in Figure 1) can be thought of as a combination of two, cross-polarized antenna arrays, each being a Uniform-Linear Array (ULA). The two polarizations are typically uncorrelated in the diffusive cellular channel.
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Figure 1: XPOL antenna configuration comprising of two cross-polarized 0.5 λ ULAs.
Because the XPOL contains uncorrelated antennas it is expected that high-rate, sub-band spatial feedback should yield performance gains, and it is desired to find efficient compression schemes for this feedback. One possible compression of XPOL SCF, proposed in [2], is by a modelling the SCF as a Kronecker product of ULA and polarization components. In this contribution we show that this direction can be pursued further to reduce the feedback load.
2. Feedback Strategy for XPOL

A closer look at the transmit correlations of the closely-spaced, XPOL antenna reveals the pattern illustrated in Figure 2. The relative phase between the co-polarized (i.e., intra-ULA) elements varies over time and frequency by a relatively small amount, consistent with the fact that reciprocity works well for closely-spaced ULA. In contrast, the relative phase between the intra-ULA elements (i.e. the cross-polarizations) varies by a larger amount over frequency and time, which calls for a fine-granularity spatial feedback.
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Figure 2: Relative received phase between TX antenna elements, generated by the SCM for one UE drop at one particular instant, with a TU channel. Left: between cross-polarizations, right: between co-polarized, 0.5λ-spaced elements
The above observation suggests that en efficient feedback strategy would split the spatial feedback into two parts which are computed and reported at two different time/frequency rates. For example, the intra-ULA part can be transmitted once per second (or a few seconds) and correspond to a long-term, wide-band average, while the inter-ULA part will be transmitted per subband and once every 5 or 10 msec. This split would save considerable feedback load.
The split-feedback strategy can be implemented via the Kronecker-product model. For example, in the case of “explicit” SCF feedback, the SCF is modelled by 
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And one possible simple way of parameterization and estimation of the POL and ULA components in the 4TX case is shown in the appendix. With eigen-feedback we have 
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And the Kronecker decomposition holds for the eigen-matrices V and D
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The UE would choose and feed the optimal VULA every LT/WB intervals, then select and feed VPOL every ST/SB interval under the constraint that VULA has already been selected. If the eigen-feedback is quantized by a codebook, this codebook should be structured like a product codebook
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3. System Simulation Results with XPOL antenna (4TX, 2RX)
We demonstrate the feedback-split with explicit SCF feedback and the Kronecker-based parameterization proposed in [2]. The estimation of the POL and ULA parts, as well as other simulation parameters, is described in the appendix.
Cell spectral efficiency in Table 1 demonstrates the MU-MIMO performance with different feedback granularities, varying from ST=5ms, SB=5 RB to LT=1s, WB=50 RB. We note that the loss is very small when the ULA feedback granularity grows from ST/SB to LT/WB. We also list the un-modeled case, i.e. when the empirical SCF is fed back as is. We can see that the modeling loss is very small.
Table 2 compares spectral efficiency and feedback bit loads with different time/frequency granularities for MU-MIMO (rank=1 per UE) and SU-MIMO (rank adaptive). A drastic bit load reduction is achieved by the “ULA: WB/1s, POL: SB/5ms” scheme with a very small loss in performance. However, giving up the fine granularity of the POL part causes a big performance drop.
	4x2 ITU Umi

non-quantized
	MU MRC 
Average

[bps/Hz]
	MU MRC 
5% cell-edge

[bps/Hz]
	MU MMSE
Average

[bps/Hz]
	MU MMSE
5% cell-edge
[bps/Hz]

	Empirical SCF SB/5ms
	2.97
	0.095
	3.16
	0.100

	ULA: SB/5ms   POL: SB/5ms
	2.93
	0.092
	3.07
	0.097

	ULA: WB/1s    POL: SB/5ms
	2.81
	0.087
	2.95
	0.091

	ULA: WB/1s    POL: WB/1s
	2.10
	0.054
	2.28
	0.059


Table 1: cell SE, MU-MIMO, non-quantized feedback
	4x2 ITU Umi

quantized
	MU
Average
[bps/Hz]
	MU
5% cell-edge
[bps/Hz]
	SU
Average
[bps/Hz]
	SU
5% cell-edge
[bps/Hz]

	Empirical SCF SB/5ms
128 bits per SB/5ms
	3.04
	0.097
	3.34
	0.106

	ULA: SB/5ms   POL: SB/5ms
24 bits per SB/5ms
	3.02
	0.093
	3.30
	0.100

	ULA: WB/1s    POL: SB/5ms
12 bits per SB every 5ms +

12 bits every 1s
	2.94
	0.090
	3.18
	0.095

	ULA: WB/1s    POL: WB/1s
24 bits every 1s
	2.35
	0.061
	2.66
	0.063


Table 2: cell SE, MU and SU-MIMO, quantized feedback, MMSE receiver
4. Conclusions

We showed that an efficient explicit-feedback strategy for XPOL antennas would split the spatial feedback into two parts, intra-ULA (co-polarization) and inter-ULA (cross-polarization), which are computed and reported at two different time/frequency granularities. For example, the intra-ULA part can be transmitted once per second and correspond to a long-term, wide-band average, while the inter-ULA part will be transmitted per subband and once every 5 msec. Another likely configuration would not feed back the intra-ULA part at all. The split-feedback strategy would save a considerable amount of feedback load.

References

[1] R1-94443, Ericsson, “On channel reciprocity for enhanced DL Multi-Antenna transmission”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 — 13 November 2009
[2] R1-94844, Motorola, “Low-Overhead Feedback of Spatial Covariance Matrix”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 — 13 November 2009
[3] R1-94906, Marvell, “Downlink MIMO with Coordinated Beamforming and Scheduling”, 3GPP TSG RAN WG1 Meeting #59, Jeju, Korea, 9 — 13 November 2009
Appendix A
We show one possible parameterization and estimation of the SCF under the Kronecker-product model. The non-modeled SCF matrix is defined as the expected value of the matrix HHH:
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(A1)
Where the elements of H are the propagation channels corresponding to the transmitted signal from antenna “i” and the expectation is defined over some range of frequency and time. (With more RX antennas one can view the expectation as including an averaging over the RX antennas). The channel matrix H is estimated in the receiver using the reference signals (e.g. the CRS of Rel8/9 or the CSI-RS of LTEA). The assumption is that all the antenna elements transmit reference signals which are orthogonal to each other.

With the Kronecker model the 4TX R can be represented, for example, as follows 
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(A2)

Where we parameterized
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(A3)

And the power-related factor is attached to the POL part. The model parameters can be estimated in various ways, including the optimal generalized least-square method. One simple way that has been used in our simulations is by the following expectations over time and frequency:
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(A4)
Now, allowing different feedback granularities for the ULA and POL parts translates to setting the expectation in the α and β estimates extend over larger bandwidth and/or longer time than the expectation in the  estimates of ρ, η and δ. Then, the estimated SCF parameters are fed back at the time/frequency granularity that corresponds to the bandwidth and time intervals over which they have been estimated. Denoting the time and bandwidth granularities for the ULA by T1, BW1, and for the POL by T2, BW2, the above set of equations (A4) can be represented schematically as follows


[image: image18.wmf]1

,

1

1

,

1

/

,

BW

T

BW

T

=

b

a



[image: image19.wmf]2

,

2

2

,

2

/

,

BW

T

BW

T

=

h

r



[image: image20.wmf]2

,

2

BW

T

=

d











(A5)

5. Appendix B: Simulation Assumptions

MU-MIMO scheduling and precoding follow those described in [3] for a single coordinating cell. Precoding is based on SLR and scheduling on max proportional throughput.

Simulation parameters are listed in the following table. 

	Parameter
	Assumption

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Scenario
	ITU-UMI

	Operating bandwidth (BW)
	10 MHz

	Antennas Configurations
	4TX Cross-Polarized, each polarization consisting of 2 elements separated by 0.5 λ. 
2RX, cross polarized

	Channel model
	ITU Spatial Channel Model, Urban Micro, 

5Hz doppler

	Network layout
	ITU UMI

	Traffic model
	Full buffer

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	Number of users for full queue traffic model
	10

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Scheduler
	Proportional Fair

	Measurement Delay
	2ms

	Feedback Granularity
	Wideband or subband (SB = 5 RB’s)

	Feedback reporting interval 
	5ms or 1s 

	CQI/PMI/R transmission errors
	Perfect 

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Scheduling  granularity
	Per SB

	HARQ Delay
	6ms

	Inter-cell interference modelling
	Serving cell and the 4 strongest interfering cells are explicitly modelled.

	Channel Estimation
	Ideal (both of the desired and paired-UE transmissions) 

	Receiver Configuration
	MMSE and MRC

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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