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1 Introduction
The link level simulation results we reported [1] in San Francisco meeting (RAN1 #60) used the causal 3-slot equal weight channel estimation. Although the agreed simulation assumption [2] assumes a 3-slot averaging on channel estimation, it does not specify causal or non-causal filtering. Several companies presented the simulation data using the non-causal filtering, while Magnolia used causal 3-slot equal-weight channel estimation in simulations and reported a relatively higher gain for the Magnolia proposed beam-forming. During San Francisco meeting (RAN1#60), we offered to add the link simulation data for the practical beam-forming using non-causal channel estimation [3].  In this contribution, we presented the link simulation results, which take all the simulation assumption as before except that the channel estimation is done with non-causal filtering, instead of causal filtering.  
Comparing the causal and non-causal channel estimation, the simulation results show slight degradation on the Rx Ec/No from non-causal filtering for some cases. However, for VA30 with 0.3 correlations for both TX and RX antennas, the non-causal channel estimation helps to get a positive gain on Rx Ec/No. The diversity gains of Tx Ec/No then change (degrade/improve) according to the degradation or improvement of Rx Ec/No.

 The simulation results shows the non-causal channel estimation has a relatively small degradation or improvement on the diversity gains for Magnolia proposed beam-forming algorithm, if its implementation is done properly. The implementation of the BF algorithm is discussed in Session 3.
2 Link Simulation results

Table 1 summarizes the gains on Tx Ec/No and Rx Ec/No for the proposed practical beam-forming algorithm and includes previous reported data (with causal channel estimation) and the new data with non-causal channel estimation. The new data (non-causal) is highlighted in Yellow and noted in the Table. 
Table 1: Gains from the proposed practical beam-forming algorithm 

	Channel Profile
	Antenna Imbalance (dB) 
	Tx Ant. Correlation 
	Rx Ant. Correlation
	Gain on Tx Ec/No (dB)
	Gain on Rx Ec/No  (dB)
	Channel Est. (3-slot ave.)

	AWGN
	0
	0
	0
	2.24
	-0.48
	Causal

	PA3
	0
	0
	0
	2.72
	0.07
	Causal

	PA3
	0
	0
	0
	2.38
	-0.26
	Non-causal

	PA3
	0
	0.3
	0
	2.73
	0.12
	Causal

	PA3
	0
	0.3
	0.3
	2.94
	-0.04
	Causal

	PA3
	0
	0.3
	0.3
	2.77
	-0.33
	Non-causal

	VA30
	0
	0
	0
	0.04
	-0.18
	Causal

	VA30
	0
	0
	0
	-0.37
	-0.54
	Non-causal

	VA30
	0
	0.3
	0
	1.86
	-0.01
	Causal

	VA30
	0
	0.3
	0.3
	1.89
	0.09
	Causal

	VA30
	0
	0.3
	0.3
	2.15
	0.33
	Non-causal

	PA3
	+3
	0
	0
	4.24
	-0.09
	Causal

	PA3
	-3
	0
	0
	1.27
	-0.05
	Causal

	PA3
	Ave. of 
(+3, -3)
	0
	0
	3.00
	-0.07
	Causal


On the case of PA3 with zero correlation for both Tx and Rx antennas, the non-causal channel estimation degrades the Rx Ec/No gain to -0.26 dB from 0.07 dB (causal). The inner loop power control will bring this degradation to Tx Ec/No. The diversity gain of Tx Ec/No hence degrades to 2.38dB from 2.72 dB accordingly.
On the case of PA3 with 0.3 correlations for both Tx and Rx antennas, the Tx antenna correlation did slightly mitigate the impact from the non-causal channel estimation. In this case, the gain of Rx Ec/No degrades to -0.33 dB from -0.04 dB. The diversity gain of Tx Ec/No is degraded to 2.77dB from 2.94 dB accordingly.

On the case of VA30 with zero correlation for both Tx and Rx antennas, the gain of Rx Ec/No degrades to -0.54 dB from -0.18 dB. The diversity gain of Tx Ec/No is degraded to -0.37dB from 0.04 dB accordingly.

However, we find that non-causal channel estimation improve the gains for the case of VA30 with 0.3 correlation for both Tx and Rx antennas. The gain of Rx Ec/No improves to 0.33 dB from 0.09 dB. And the diversity gain of Tx Ec/No also improves to 2.15 dB from 1.89 dB accordingly.

3 BF algorithm implementation

Based on the agreed simulation assumptions, we did not expect that the variation of the algorithm implementation will impact the simulation results significantly when we offered the Magnolia beam-forming algorithm, However, realizing that part of variation of the simulation results may come from the mix of non-causal channel estimation and the way of algorithm implemented, we further offer one way of algorithm implementation, which should work well with either causal or non-causal channel estimation. Instead of applying the relative phase of the two transmit signals to one of the transmit signal, the symmetric beam-former applies half of the relative phase (with the opposite signs) to each of the two transmit signals. The received combined signal hence should have significantly less relative phase swing from one slot to the next slot. The phase discontinuity (from slot to slot) is not further degraded by the BF algorithm. Hence, this algorithm implementation should work fine with either causal or non-causal filtering.
4 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  

	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


5 Conclusion

The link simulation data shows that the non-causal channel estimation can degrade or improve the diversity gain, depending on roughness of fading channel (scenarios). Non-causal channel estimation degrades the diversity gains for PA3 scenarios, but improves the gains (from 1.89 to 2.15 dB) for the scenario of VA30 and 0.3 antenna correlation for both TX and RX. 
We offered a way of algorithm implementation which minimizes the additional phase discontinuity at the received signal. The BF algorithm with this implementation is hence working fine with either causal or non-causal channel estimation.
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