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1 Introduction
The initial link level simulation results we reported [1] in Valencia meeting (RAN1 59bis) do not cover the cases of non-zero antenna correlations. In this contribution, we updated the link level simulation results for the cases of non-zero antenna correlations for beam-forming uplink transmit diversity. The simulations address the gains for genie beam-forming diversity and Magnolia proposed practical beam-forming diversity, based on the agreed simulation assumptions [1, 2].

The simulation results show that a non-zero transmit antenna correlation (e.g., 0.3) improves the BF diversity gains significantly for high speed situations (e.g., VA30). In addition, a non-zero receive antenna correlation in general improves the BF diversity gains.
2 Link-level simulation parameters 
We used the following parameters for the link-level simulation. Note that the simulation assumption was clarified on that “UL TPC generation should be based on 1-slot received energy (averaging)” in the last meeting (RAN1 59bis). 
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2



	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	20*log10(βhs/βc) [dB]
	2 

	Number of H-ARQ Processes
	2ms TTI: 8

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



	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 3 slot  and 1 slot filtering

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Propagation Channel
	AWGN, PA3, VA30

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	+3, 0, -3

	UE Tx Antenna Correlation
	0, 0.3

	UE Rx Antenna Correlation
	0, 0.3

	UE DTX
	OFF


3 Results

Table 1 summarizes the gains on Tx Ec/No and Rx Ec/No for the proposed practical beam-forming algorithm. The parameters of the practical BF algorithm proposed by Magnolia used for the simulations can be found with the algorithm description in R1-101006 [3].
Table 1: Gains from the proposed practical beam-forming algorithm 
	Propagation Channel
	Antenna Imbalance (dB) 
	Tx Ant. Correlation 
	Rx Ant. Correlation
	Gain on Tx Ec/No (dB)
	Gain on Rx Ec/No  (dB)

	AWGN
	0
	0
	0
	2.24
	-0.48

	PA3
	0
	0
	0
	2.72
	0.07

	PA3
	0
	0.3
	0
	2.73
	0.12

	PA3
	0
	0.3
	0.3
	2.94
	-0.04

	VA30
	0
	0
	0
	0.04
	-0.18

	VA30
	0
	0.3
	0
	1.86
	-0.01

	VA30
	0
	0.3
	0.3
	1.89
	0.09

	PA3
	+3
	0
	0
	4.24
	-0.09

	PA3
	-3
	0
	0
	1.27
	-0.05

	PA3
	Average of 
(+3, -3)
	0
	0
	3.00
	-0.07


Table 2: summarizes the gains on Tx Ec/No and Rx Ec/No for the genie beam-forming algorithm.

Table 2: Gains from the genie beam-forming algorithm

	Propagation Channel
	Antenna Imbalance (dB) 
	Tx Ant. Correlation 
	Rx Ant. Correlation
	Gain on Tx Ec/No (dB)
	Gain on Rx Ec/No  (dB)

	AWGN
	0
	0
	0
	3.14
	0.13

	PA3
	0
	0
	0
	3.68
	0.05

	PA3
	0
	0.3
	0
	3.39
	0.01

	PA3
	0
	0.3
	0.3
	3.78
	0.03

	VA30
	0
	0
	0
	1.41
	-0.21

	VA30
	0
	0.3
	0
	2.06
	-0.13

	VA30
	0
	0.3
	0.3
	2.52
	0.33

	PA3
	+3
	0
	0
	5.21
	-0.02

	PA3
	-3
	0
	0
	2.31
	0.05

	PA3
	Average of 
(+3, -3)
	0
	0
	4.00
	0.02


The transmit antenna correlation of 0.3 improves the diversity gain by 1.82 dB for the practical Beam-forming algorithm and by 0.65 dB for genie BF algorithm in the case of VA30. The receive antenna correlation of 0.3 further improves the gain by 0.46 dB for genie BF algorithm. The receive antenna correlation of 0.3 also improve the gains for both practical and genie BF around 0.2 dB in the case of PA3. Note that the case of non-zero correlation in practical NodeB installation was found to be realistic in field tests; additionally, UE implementations of various types have yielded non-zero correlation factors in most practical cases. Hence, it is reasonable to investigate and use the simulation results with non-zero antenna correlations. 

Also note that antenna imbalance may be viewed as a random variable during the course of a call as location variations can be regarded a statistical parameter and also since pedestrians may generate rotational movement during a call. The averaged numbers may be more statistically informative , and therefore are included in the Table.

4 Conclusion

With a non-zero antenna correlations at both ends (e.g., 0.3), the gains of the proposed practical beam-forming algorithm have reached 2.94 dB and 1.89 dB for PA3 and VA30, respectively. For genie BF algorithm, the gains are 3.78 dB and 2.52 dB for PA3 and VA30, respectively.
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