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1. Introduction

In [1] there is a general description of a promising DL SU-MIMO concept for 4 transmit antennas, containing a switching between 3 different spatial schemes: A combination of beamforming with either open loop diversity, closed loop diversity or spatial multiplexing, depending on mobile speed, SINR and effective rank. This concept was described in [2] in further detail and system level simulation results were given for it.

This document now picks the aspects of the discussion on codebook design based on the Alcatel-Lucent proposal of [1] and [2].

Power balancing is always ensured in our proposal. Thus all 4 power amplifiers are always used with equal transmit power. From the discussions of the RAN1 e-mail reflector it is confirmed that this a desirable feature (e.g. from the viewpoint of amplifier design).
The feedback overhead caused by codebook index signaling can be drastically reduced by our two stage approach which exploits the special combination of correlation and decorrelation caused by 2 closely spaced cross-polarisation pairs or 2 vertical polarized widely spaced (/2-subarray pairs.

Additionally we propose a suitable solution also for high velocity mobiles were the feedback delay prohibits a proper linear precoding for uncorrelated antennas. Our approach suggests a combination of Alamouti and beamforming in that case (scheme A in [1][2]).

If calibration is available in the system, our beamforming codebook can exploit more array gain than the proposed general codebooks. 

For the desired antenna configuration described above the codebook can be limited to rank 2, skipping additional overhead (as not more than rank 2 transmissions will be useful in that case).

The codebook is self-contained in the sense that it consists of combinations of the same two-element ‘beam’ weights. This eases the required calculations.
(In the case of 4 fully uncorrelated antennas, an extension to rank 3 and 4 can be made e.g. according to the codebook proposal in [4].)

2. Relation of codebook choice with antenna configuration and feedback overhead

General solutions not specially tailored to the antenna configuration will reduce the gains and increase the cost of feedback overhead. We therefore support the use of a precoding codebook specifically geared towards the case of two closely spaced cross-polarisation pairs.

2.1. Reducing Feedback overhead

The (/2 closely spaced cross-polarised antenna pairs are attractive in terms of compact radome sizes.

Additionally, the amount of feedback overhead can significantly reduced by using an antenna configuration with two correlated pairs of cross-polarised antennas. 

The suggested approach in [1][2] for a two stage codebook separates the codebook and its feedback amunt into a low-rate beamforming part and a high-rate precoding part.

The beamforming approach in [1][2] only requires a low-rate feedback, as it is based on long-term directional properties instead of short-term fast fading phases. Additionally the weights can be used for the whole band.

The high-rate precoding part on top (closed-loop precoding, i.e. scheme B in [1][2]) doesn’t need a large codebook size to exploit the available array and diversity gain. System simulations in [2] have shown that a codebook size of 4 is large enough for almost achieving full performance.

When the mobile is moving fast it is preferable to save feedback overhead caused by closed-loop precoding. Scheme A in [1][2] (open-loop Tx diversity, Alamouti) still exploits the array gain of the correlated pair by long-term beamforming and can exploit the diversity of the two polarisations with the help of an adapted Alamouti scheme, described in [2]. With this open loop approach (besides the long-term beamforming) no spatial feedback is required any more. 

Additionally, the proposed combination of Alamouti and beamforming gives a power balanced solution instead of an antenna selection imposed by other codebooks, e.g. due to block diagonal structure.

2.2. Availability of calibration

The optimum choice of the codebook also depends on the question whether array calibration is available or not (without calibration we have to expect non-negligible performance degradation, shown in [3]) and whether the antennas are correlated for each polarisation or not.

The weights of the polarisation beams in the proposal of [1] [2] implicitly assume array calibration and are thus optimised for a 120° sector with (/2 closely spaced cross-polarised antenna pairs.

According to observations seen in [3] this will result in a better performance than … just using ±1 and ±j as weight coefficients.

When array calibration will not be available and/or complexity issues prevent using the beam weights of [1] [2], then alternative solutions for polarisation beams are possible with just using ±1 and ±j as weight coefficients, e.g.  based on the appendix of [4] for correlated pairs.

3. Codebook proposal

The codebook is applied in two stages for the sake of feedback overhead reduction. The two stages are self-contained in the sense that the subarray weight vector w of stage 1 is always contained in stage 2.
3.1. Stage 1: long-term fixed ‘polarisation beams’

A two element subarray of same polarisation uses the weight vector w, which is one out of 4 beams. 

3.1.1. With calibration

If calibration is available and computational complexity does not restrict the weight coefficients to pure ±1 and ±j, it is suggested to use the codebook below optimised for this calibrated setting.

The 4 directions 
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for the 4 corresponding beam main directions are chosen in a sector of 120°. With equal spacing in cosine space, resulting in equal crossing levels of the beam pattern amplitudes: 
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(For simplicity it is also possible to use equal spacing in angular space, resulting in: 
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Table 1: Polarisation beam weights for each sub-array

3.1.2. Without calibration
As a simpler fallback solution, e.g. in the case when calibration is not available, the second weight is formed of ±1 and ±j.
	Beam Index
	Weight 1: wi1
	Weight 2: wi2

	1
	1
	1

	2
	1
	j

	3
	1
	-1

	4
	1
	-j


Table 2 - Polarisation beam weights without calibration
3.2. Stage 2: combine with either short-term close-loop scheme or open-loop for higher velocities 
The polarisation beam weights w are used and combine it in three different ways (scheme A, B, C) depending on velocity and effective rank of the channel.
3.2.1. Scheme A: Combination with Alamouti

The total codebook consists of the same w for each polarisation pair.
On top of this, the Alamouti scheme is used:
Two subsequent data symbols s1 and s2 are dispersed over two neighboured subcarriers and weighted with the chosen polarization beam weights wi1 and wi2. The weighted transmit symbols (neglecting normalisation) now have the following form over the 4 antennas and the 2 subcarriers:
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3.2.2. Scheme B

Between the two polarization beams a phase shift is applied in order to achieve coherent combining on the receive side. Table 2 gives a stage 2 phase codebook which results in a phase resolution of (/2.

	Phase Index
	Weight vector
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Table 3: Full weight vector for polarisation beams combined with closed-loop phase shift of (/2 resolution

3.2.3. Scheme C
This is a rank 2 spatial multiplexing codebook, using one data stream per polarization beam.
	Data Stream Index
	Weight vector

	1
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Table 4: Full weight vector of polarisation beams combined with spatial multiplexing

4. Extension of Alcatel-Lucent proposal to rank 3 and rank 4 transmission

The proposed antenna configuration is useful for up to rank 2 transmissions. 

Measurements [5] have shown that it is very unlikely even in pico cells with fully uncorrelated antennas to make proper use of rank 3 and 4 transmissions. (And additionally more than 2 Rx antennas at the mobile are then required of course.)

So the general question is whether rank 3 and rank 4 codebooks have to be available as they won’t hardly be of any relevance in a practical LTE setting?

In the case of widely spaced cross-polarised antenna pairs for the sake of user peak data rates for rank 3 and 4 transmission e.g. one of the codebooks in the appendix of [4] could be used to extend the proposed scheme.

5. Conclusion

Cross-polarised antenna configurations have been analysed in the framework of LTE. A fixed-beam scheme for both polarisations has been introduced as baseline. Depending on SINR (and effective rank) and speed, this baseline scheme is combined with two diversity and one dual-stream scheme.

The proposed scheme will allow a lower feedback rate, power balancing, adaptation to different velocities and a compact antenna radome. A two stage self-containing approach is used. The beamforming codebook of stage 1 is always contained in stage 2.
System level simulation results were presented in [2] for the new proposed combination of schemes. Here, in terms of average sector throughput 2x2 single-user MIMO was outperformed by more than 20% and 4x2 single-user beamforming was outperformed by more than 10%. For the cell border throughput the gain vs. 2x2 SU-MIMO was even 40%.

These gains can be further improved by using a more advanced receiver for spatial multiplexing (scheme C in [1,2]), instead of the chosen linear zero forcing receiver which is the simplest option in terms of complexity.

In summary, polarisation beams combined with appropriate other techniques establish a promising technique for spatial processing specifically tailored to cross-polarised antenna configurations. 

We therefore propose to use our codebook approach from appendix A for dual cross-polarised antennas with small spacing. 
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Appendix A: Proposed codebook

Optimised for a 120° sector configuration with calibrated antennas, two pairs of cross polarised antennas with small pair separation.
Note that rank 1 for high speeds is a combination of beamforming and Alamouti SFBC (scheme A: see section 3.2.1)

[image: image15.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

×

-

-

-

-

×

-

-

-

-

-

-

-

=

)

sin

exp(

)

sin

exp(

)

sin

exp(

)

sin

exp(

1

1

)

sin

exp(

)

sin

exp(

)

sin

exp(

)

sin

exp(

1

1

1

1

i

i

i

i

i

i

i

i

i

j

j

j

j

j

j

j

j

j

j

j

j

J

p

J

p

J

p

J

p

J

p

J

p

J

p

J

p

G



[image: image16.wmf]4

,

3

,

2

,

1

=

i

with 
[image: image17.wmf]i

J

as follows:
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Note that the signalling of the codebook entry, e.g. the 16 indexes for rank 1 can be done with one value for long-term information for the whole band (“stage1” - containing the index i of Gi ) and one frequency-selective short-term information (“stage2” – containing the chosen column of Gi).
	Codebook index
	Rank 1
	Rank 2

	1
	G1(1) / 2
	G5(12) / √8

	2
	G1(2) / 2
	G5(34) / √8

	3
	G1(3) / 2
	G5(56) / √8

	4
	G1(4) / 2
	G5(78) / √8

	5
	G2(1) / 2
	

	6
	G2(2) / 2
	

	7
	G2(3) / 2
	

	8
	G2(4) / 2
	

	9
	G3(1) / 2
	

	10
	G3(2) / 2
	

	11
	G3(3) / 2
	

	12
	G3(4) / 2
	

	13
	G4(1) / 2
	

	14
	G4(2) / 2
	

	15
	G4(3) / 2
	

	16
	G4(4) / 2
	


Appendix B: Variants for proposed codebook

Solution without calibration

Without calibration required and with only ±1 and ±j as weight coefficients, intended for two pairs of cross polarised antennas with small pair separation.

Note that rank 1 for high speeds is a combination of beamforming and Alamouti SFBC (scheme A: see section 3.2.1)
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Note that the signalling of the codebook entry, e.g. the 16 indexes for rank 1 can be done with one value for long-term information for the whole band (“stage1” - containing the index i of Gi ) and one frequency-selective short-term information (“stage2” – containing the chosen column of Gi).

	Codebook index
	Rank 1
	Rank 2

	1
	G1(1) / 2
	G5(12) / √8

	2
	G1(2) / 2
	G5(34) / √8

	3
	G1(3) / 2
	G5(56) / √8

	4
	G1(4) / 2
	G5(78) / √8

	5
	G2(1) / 2
	

	6
	G2(2) / 2
	

	7
	G2(3) / 2
	

	8
	G2(4) / 2
	

	9
	G3(1) / 2
	

	10
	G3(2) / 2
	

	11
	G3(3) / 2
	

	12
	G3(4) / 2
	

	13
	G4(1) / 2
	

	14
	G4(2) / 2
	

	15
	G4(3) / 2
	

	16
	G4(4) / 2
	


Solution for larger rank 2 codebook with 16 entries instead of 4
This rank2 option is again based on two stages: ‘Stage 1’ with low-rate feedback uses pure ‘polarisation beams’, thus the G5 from above. ‘Stage 2’, like our general rank1 proposal, uses additional multiplications with ±1 and ±j on one sub-array.
This new G6 is written here for the uncalibrated solution but can applied in a similar way for the calibrated solution.
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	Codebook index
	Rank 2

	1
	G6(1 2) / √8

	2
	G6(1 3) / √8

	3
	G6(1 4) / √8

	4
	G6(1 5) / √8

	5
	G6(6 7) / √8

	6
	G6(6 8) / √8

	7
	G6(6 9) / √8

	8
	G6(6 10) / √8

	9
	G6(11 12) / √8

	10
	G6(11 13) / √8

	11
	G6(11 14) / √8

	12
	G6(11 15) / √8

	13
	G6(16 17) / √8

	14
	G6(16 18) / √8

	15
	G6(16 19) / √8

	16
	G6(16 20) / √8
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