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1. Introduction

In this contribution, we compare the link level performance of the following codebook options:

1) A beamforming codebook, which consists of the phase element only. In the case of a 4-entry codebook, the weights are equal to those used in HSDPA MIMO.

2) A codebook supporting both beamforming and antenna switching i.e. the codebook of 1) is augmented by the entries [1 0] and [0 1].

We observe that the augmented codebook leads to low performance improvements, in the range of 0.2 to 0.3 dB.

2. Simulation Results

Tables 1 and 2 show the link level performance of the beamforming-only (BF) and the combined codebooks (BF+ASD). The impact of the codebook size and antenna imbalance is investigated in tables 1 and 2, respectively. The simulations were performed for the non-precoded pilot configuration but the conclusions should be applicable to other configurations as well.

As can be seen from Table 1, for the BF codebook size 4 and 16, the gains associated with the ASD component oscillate around 0.2 dB.

The results shown in Table 2 were obtained using a size 16 BF codebook. Again, the gains of the combined BF+ASD codebook are limited to 0.2–0.3 dB.

Table 1 The impact of the codebook size on the link performance.

	PA 3kmph
	Tx Diversity gains over reference [dB]

	
	Number of Tx weights

	Scheme
	2/4*
	4/6*
	16 / 18*

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.29
	1.99
	-0.27
	2.43
	-0.27
	2.56

	BF + ASD
	-0.27
	2.45
	-0.27
	2.69
	-0.25
	2.81


	PA 30kmph
	Tx Diversity gains over reference [dB]

	
	Number of Tx weights

	Scheme
	2/4*
	4/6*
	16 / 18*

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	0.12
	1.37
	0.19
	1.71
	0.17
	1.79

	BF + ASD
	0.21
	1.71
	0.25
	1.92
	0.22
	1.96


	VA 3kmph
	Tx Diversity gains over reference [dB]

	
	Number of Tx weights

	Scheme
	2/4*
	4/6*
	16 / 18*

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.41
	0.71
	-0.36
	1.07
	-0.36
	1.16

	BF + ASD
	-0.37
	1.06
	-0.33
	1.26
	-0.34
	1.33


	VA 30kmph
	Tx Diversity gains over reference [dB]

	
	Number of Tx weights

	Scheme
	2/4*
	4/6*
	16 / 18*

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.26
	0.48
	-0.21
	0.72
	-0.24
	0.77

	BF + ASD
	-0.22
	0.72
	-0.18
	0.86
	-0.20
	0.90


* - mixed scheme (BF +ASD) includes two additional Tx weights.

Table 2 The impact of the antenna imbalance on the link level gains

	PA 3kmph
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.27
	1.19
	-0.27
	2.56
	-0.27
	4.18

	BF + ASD
	-0.23
	1.51
	-0.25
	2.81
	-0.25
	4.49


	PA 30kmph
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	0.16
	0.46
	0.17
	1.79
	0.17
	3.45

	BF + ASD
	0.16
	0.74
	0.22
	1.96
	0.16
	3.71


	VA 3kmph
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.38
	-0.18
	-0.36
	1.16
	-0.36
	2.81

	BF + ASD
	-0.34
	0.2
	-0.34
	1.33
	-0.35
	3.14


	VA 30kmph
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	BF
	-0.26
	-0.55
	-0.24
	0.77
	-0.24
	2.45

	BF + ASD
	-0.25
	-0.18
	-0.20
	0.90
	-0.22
	2.81


3. Conclusion

Based on the simulation results, augmenting the phase-only BF codebook with an antenna-switched component leads to fairly small link level gains, ranging between 0.2 and 0.3 dB TX power. RX Ec/N0 is unaffected.

Annex
Simulation Assumptions

Table 3 – Simulation assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	BPSK 

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	Optimized for each TX mode

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 4

	Residual BLER
	1% after 4th transmission

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	From pilot

	SIR Estimation
	1 slot

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC & TxDiversity Feedback Delay
	2 slots

	Tx weights updates
	Every slot

	Number of Tx weights
	2, 4, 16

	UL TPC & TxDiversity Feedback Error Rate
	4%

	Propagation Channel
	PA3, VA3,

PA30, VA30

	NodeB Receiver Type
	Rake

































































