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1. Introduction
During the last meeting, #49 in Kobe, most of the companies agreed on low complexity CB[5]. Choosing the best codeword (CW) requires a lot of processing and multiplications can be replaced by additions, when QPSK constellation is used to design a codeword. In addition, last meeting results shown gains in ULA scenarios for codebooks containing eight beamforming vectors. Physical antenna selection (AS) have been dropped due to power amplifier imbalance. Above mentioned facts influenced the codebook design.     

In order to benchmark performance of the different codebook proposals, 7 scenarios have been set up in SCME channel model. Antenna settings for five of them are according to [1] and two new dual-polarized scenarios were added.  
For the different codebooks, absolute throughputs are shown in addition to benchmarking against physical antenna selection (reference) agreed on #48th RAN1 meeting [1] in St. Louis.

In this contribution we present performance evaluations for the 4x2 setup of different multi-rank 4bit codebook designs provided by other companies and the way forward codebook in [6]. Especially, the benefits of using more than one codebook for LTE are investigated.  

2. General Multi-rank CB design for 4TX antennas
In the following sub-section we will provide steps to design Householder CB with the detailed design parameters found in the Appendix A. 

Householder procedure
A simple way how to design many different multi-rank CBs has been introduced in [2]
· take any set of norm 1 vectors 
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, rotate them such that first component 
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’s , resulting in 16 vectors 
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· finally, apply householder transform to obtain 16 full rank unitary matrices 
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In these equations, (∙)T denotes the transpose and (∙)H stands for the Hermitian transpose.
This specific design guarantees the grassmann optimality for rank1 and rank3 transmissions. The angles between the plug-in vectors 
[image: image7.wmf]u

 are the same as the angles between its hyper-planes. The rank 2 CB has to be optimized in terms of e.g. chordal distance.
3. Codebook performance evaluation

3.1. Simulation assumptions

The suitable codebook entry as well as transmission rank in the simulation are chosen based on throughput criteria given by the mutual information. In the simulations, rank adaptation as well as adaptive modulation and coding (AMC) have been considered. The codebook performance has been evaluated as throughput versus TX SNR with the basic simulation parameters given in Table 1. 
Table 1: General simulation parameters
	Parameter
	Assumption

	OFDM bandwidth
	5Mhz (300 subcarriers)

	Sub-frame length
	1ms

	Resource block size
	12 sub-carriers

	Scheduled bandwidth
	5RBs (60 subcarriers)

	Precoding granularity
	5RBs (60 subcarriers)

	Channel models
	described in the following subsection, 5 cases

	CQI estimation
	ideal (CQI delay neglected) 

	Modulation schemes
	QPSK, 16-QAM, 64-QAM

	MCS set
	QPSK    [1/3 2/5 1/2 3/5 2/3 3/4]

16-QAM [2/5 9/20 1/2 11/20 3/5 2/3 3/4 4/5 5/6] 

64-QAM [3/5 5/8 2/3 17/24 3/4 4/5 5/6]  

	MIMO mode
	Precoded DL SU-MIMO, 4x2 setup

	Resource allocation
	Beginning of the band

	Receiver algorithm
	LMMSE

	Number of independent channel realizations
	1000

	Polarization gain pattern for H,V components
	Constant/Dipole at UE


3.2. Channel models

Variable AOD scenarios

SCME channel model [3] implements single polarized and dual polarized MIMO channels with variable AoDs. Details on antenna settings can be found in Appendix B. 

Newly added scenarios 5 and 6 differ from 3 and 4 in polarization at BS, ([0° 90°]) instead of ([45° -45°]). The measured average leakage power from H->V (V->H) is 30%. 
3.3. Simulation results

The performance of codebooks in Table 2 is investigated. The codebooks:

· obey strict nesting property 

· are constructed based on QPSK/8PSK alphabet.  
Table 2. Short codebook description (see Appendix A for details on Way Forward)
	Way Forward 
	Universal CB for all scenarios

	Ericsson SC3
	Scenario 3 CB designed  by Ericsson

	Ericsson SC4
	Scenario 4 CB designed  by Ericsson

	Samsung SP
	Single-polarized scenario CB from Samsung

	Samsung DP
	Dual-polarized scenario  CB from Samsung

	ZTE SP*
	ZTE CB for single polarized Scenarios


    * nesting property does no hold
Figures 1 to 7 show the throughput gain as a function of the Tx SNR compared to the reference codebook, for SCME Channels 1A , 1B, 2, 3, 4, 5 and 6 with variable AoD. The absolute throughputs are shown in Figures 8 to14 (in Appendix D).

.
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  Figure 1: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 1A – variable
[image: image9.emf]0 5 10 15 20 25

0

5

10

15

Tx SNR [dB]

Throughput gain compared to reference [%]

Relative Codebook Performance: 4x2 - CH1B - SCME

 

 

Ericsson SC3

Ericsson SC4

Samsung SP

Samsung DP

ZTE SP

Way forward


  Figure 2: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 1B – variable
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Figure 3: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 2 – variable
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Figure 4: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 3 – variable
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Figure 5 : Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 4 – variable
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Figure 6 : Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 5 – variable
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Figure 7 : Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 6 – variable

When considering the performance of different codebooks in Figures 1-7, design and absolute throughputs in Figures 8-14, the following conclusions can be drawn:
· Way forward (WF) [6]  performs well in all the investigated scenarios – single-polarized and dual-polarized. It performs best or is the bunch of the best codebooks in both ULA scenarios 1A and 1B (Figure 1 and 2) as well as the dual-polarized scenarios 4(6) (Figures 5 and 7). Figures 3-5 show that WF codebook provides comparable results to Samsungs dual-polarized design even in these cases. WF is slightly outperformed in scenario 2 and low geometries of scenario 3(5) but opposite conclusion can be drawn for the higher geometries of scenario 3(5)
· Samsung SP performs similarly to WF in the single polarized scenarios, however it looses in dual-polarized scenarios in general and is inferior there compared to the way forward. 
· Samsungs DP performs well in scenarios 2 and 3(5) (slightly better than WF - see above), but worse in the other scenarios.
· ZTE codebook does not provide stable performance across all environments, but performs well in Channels 1A and 1B (Fig. 1 & 2).
· Ericsson specific Scenario 3 and 4 CBs are outperformed by the Way forward and the Samsung DP codebook. 
Figures 15-18 where simulated to show the influence of non-constant polarization gain pattern on performance.  Dipole at UE favors to vertical polarization. Therefore, it is wise to select antennas corresponding to vertical polarization. The relative gains are pushed towards lower values (AS performs better) and in scenario 4 (Figure 15), differences between codebooks slightly changed. The codebook order nevertheless stayed the same. 
4. Summary and Conclusion
Please be aware that similar simulations for SU-MIMO 4x4 are provided in [7]. The provided simulation results indicate that the Way Forward codebook [6] shows a good performance across all the investigated scenarios. Special CB designs for single and dual-polarized setups show only a minor performance improvement in 2 of the 5 scenarios. 
Therefore, considering the performance results presented in this contribution and in [7], we suggest that the WF CB in [6]  should be adopted as the 4TX antenna precoding codebook for LTE DL SU-MIMO. Moreover, different special codebooks for different eNodeB antenna setups are not reasonable. 
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Appendices 
Appendix A: Codebooks

A.1 Way forward
· Design according to [6]
· take the column vectors from table A.1 and plug into Householder TI transform to obtain U’s
Table A.1

	u(1)
	x(2)
	u(3)
	u(4)
	u(5)
	u(6)
	u(7)
	u(8)
	u(9)
	u(10)
	u(11)
	u(12)
	u(13)
	u(14)
	u(15)
	u(16)

	0
	pi/2
	pi
	3pi/2
	pi/4
	3pi/4
	5pi/4
	7pi/4
	1
	1
	1
	1
	1
	1
	1
	1

	vec=inline('[1 ; exp(i*a); exp(i*a)^2; exp(i*a)^3]','a')
where a are angles stated above
	1
	j
	-1
	-j
	1
	1
	-1
	-1

	
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	
	-1
	j
	1
	-j
	-1
	1
	1
	-1


*all columns normalize by ½
· For the different ranks use following table A.2 in order to select the columns from each Rank4 matrix:
Table A.2
	U(,,CW index) 
	Rank1
	Rank2
	Rank3
	Rank4

	1
	1
	1 4
	1 2 4
	1 2 3 4

	2
	1
	1 2
	1 2 3
	1 2 3 4

	3
	1
	1 2
	1 2 3
	3 2 1 4

	4
	1
	1 2
	1 2 3
	3 2 1 4

	5
	1
	1 4
	1 2 4
	1 2 3 4

	6
	1
	1 4
	1 2 4
	1 2 3 4

	7
	1
	1 3
	1 3 4
	1 3 2 4

	8
	1
	1 3
	1 3 4
	1 3 2 4

	9
	1
	1 2
	1 2 4
	1 2 3 4

	10
	1
	1 4
	1 3 4
	1 2 3 4

	11
	1
	1 3
	1 2 3
	1 3 2 4

	12
	1
	1 3
	1 3 4
	1 3 2 4

	13
	1
	1 2
	1 2 3
	1 2 3 4

	14
	1
	1 3
	1 2 3
	1 3 2 4

	15
	1
	1 3
	1 2 3
	3 2 1 4

	16
	1
	1 2
	1 2 3
	1 2 3 4


A.2  Ericsson SC3, SC4 

A.2.1 Codebook for Two Pairs of Cross Polarized Antennas (small pair-separation) –Scenario 3
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	Transmit Codebook index
	Rank 1
	Rank 2

	1
	G1(1)/2
	G1(12)/√8

	2
	G1(2)/2
	G1(13)/√8

	3
	G1(3)/2
	G1(14)/√8

	4
	G1(4)/2
	G1(23)/√8

	5
	G2(1)/2
	G1(24)/√8

	6
	G2(2)/2
	G1(34)/√8

	7
	G2(3)/2
	G2(12)/√8

	8
	G2(4)/2
	G2(13)/√8

	9
	G3(3)/2
	G2(14)/√8

	10
	G3(4)/2
	G2(23)/√8

	11
	G4(1)/2
	G2(24)/√8

	12
	G4(2)/2
	G2(34)/√8

	13
	
	G3(13)/√8

	14
	
	G3(24)/√8

	15
	
	G4(13)/√8

	16
	
	G4(24)/√8


A.2.2 Codebook for Two Pairs of Cross Polarized Antennas (large pair-separation) –Scenario 4
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	Transmit Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	G1(1)/2
	G1(12)/√8
	G1(123)/√12
	G1(1234)/4

	2
	G1(2)/2
	G1(13)/√8
	G1(124)/√12
	G2(1234)/4

	3
	G1(3)/2
	G1(14)/√8
	G1(134)/√12
	G3(1234)/4

	4
	G1(4)/2
	G1(23)/√8
	G1(234)/√12
	G4(1234)/4

	5
	G2(1)/2
	G1(24)/√8
	G2(123)/√12
	G1(1324)/4

	6
	G2(2)/2
	G1(34)/√8
	G2(124)/√12
	G2(1324)/4

	7
	G2(3)/2
	G2(13)/√8
	G2(134)/√12
	G3(1324)/4

	8
	G2(4)/2
	G2(24)/√8
	G2(234)/√12
	G4(1324)/4

	9
	G3(3)/2
	G3(13)/√8
	G3(123)/√12
	

	10
	G3(4)/2
	G3(14)/√8
	G3(124)/√12
	

	11
	G4(1)/2
	G3(23)/√8
	G3(134)/√12
	

	12
	G4(2)/2
	G3(24)/√8
	G3(234)/√12
	

	13
	
	G4(13)/√8
	G4(123)/√12
	

	14
	
	G4(14)/√8
	G4(124)/√12
	

	15
	
	G4(23)/√8
	G4(134)/√12
	

	16
	
	G4(24)/√8
	G4(234)/√12
	


A.3 Samsung SP,DP
Please refer to email on 3GPP RAN1 reflector!
From: Charlie Zhang [mailto:jzhang@STA.SAMSUNG.COM] 
Sent: 18 June, 2007 18:29
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [LTE MIMO] 4 tx MIMO precoding
A.4 ZTE

Please refer to email on 3GPP RAN1 reflector!
From: Yu Hui [mailto:yu.hui@ZTE.COM.CN] 
Sent: 12 June, 2007 14:56
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [LTE MIMO] 4 tx MIMO precoding
Appendix B: Simulation Scenarios/Channels –SCME variable

SCME channel model [3] with the following antenna settings has been used.



Settings for variable AoD channels:
	Scenario
	UE
	Node B
	Power and delay profiles

	1A
	ULA (2 λ)
	ULA (4 λ)
	micro urban

	1B
	ULA (2 λ)
	ULA (10 λ)
	macro urban

	2
	ULA (2 λ)
	2 xULA 

@[0 0.5 9.5 10]λ)
	macro urban

	3
	XPD ( [0° 90°])

@[0 2]λ
	XPD([45° -45°])

@[0 0.5]λ
	macro urban

	4
	XPD ( [0° 90°])

@[0 2]λ
	XPD([45° -45°])

@[0 10]λ
	macro urban

	5
	XPD ( [0° 90°])

@[0 2]λ
	XPD([0° 90°])

@[0 0.5]λ
	macro urban

	6
	XPD ( [0° 90°])

@[0 2]λ
	XPD([0° 90°])

@[0 10]λ
	macro urban


Power for all channel components is normalized to one, except of DP scenarios when power received at one polarization from both polarizations (V, H) sums to 1. 
Appendix C: Simulation results – Absolute Throughputs
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Figure 8 : Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 1A – variable
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Figure 9 : Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 1B – variable
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Figure 10: Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 2 – variable
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Figure 11: Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 3 – variable
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Figure 12: Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 4 – variable
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Figure 13: Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 5 – variable
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Figure 14: Absolute throughput of different codebook designs for the 4x2 antenna setup – Channel 6 – variable
[image: image24.emf]0 5 10 15 20 25

0

10

20

30

40

50

60

Tx SNR [dB]

Throughput gain compared to reference [%]

Relative Codebook Performance: 4x2 - CH3 - UE dipole

 

 

Ericsson SC3

Ericsson SC4

Samsung SP

Samsung DP

ZTE SP

Way forward


Figure 15: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 3 – dipole at UE
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Figure 16: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 4 – dipole at UE
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Figure 17: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 5 – dipole at UE
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Figure 18: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 6 – dipole at UE
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