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1. Introduction

At RAN1#66 meeting, an issue is still open that whether asymmetric beamforming or enhanced symmetric beamforming shall be used. 
In this paper we present summarized link-level simulation results in the previous contributions to investigate the performance of asymmetric beamforming and enhanced symmetric beamforming for UL CLTD. 
2. Beamforming Options
The DPCCH is pre-coded using the same pre-coding vector as other physical channels, and the secondary DPCCH is instead pre-coded with the orthogonal pre-coding vector. The beamforming weight matrix is as the following formula.
The UE utilize the beamforming weight matrix 
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Figure 1: The pre-coded pilot structure for UL CLTD
As described in [1], there are mainly four beamfoming options:

Option 1:  asymmetric beamforming

Option 2:  asymmetric beamforming with channel synthesis

Option 3:  enhanced symmetric beamforming

Option 4:  enhanced symmetric beamforming with channel synthesis
2.1. Asymmetric beamforming
In asymmetric beamforming implementation, the phase of the transmit signal from the first antenna is kept constant and the relative phase is applied only to the transmit signal from the second antenna. 

If beamforming phase in UE is 
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. So channels are pre-coded with the following weights.
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2.2. Enhanced symmetric beamforming 

In symmetric beamforming implementation, half of the relative phase is applied to the transmit signal from the first antenna and the other half of the relative phase is applied with an opposite sign to the transmit signal from the second antenna.
If a UE receives the beamforming phase 
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In asymmetric beamforming implementation, 
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 have different effect. In [2] enhanced symmetric beamforming was given and defined an expanded set of quantization phases from 
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The UE receives the feedback beamforming phase
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The final beamforming phase 
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 for slot n+1 is described as following algorithm [2], which shall be calculated in both Node B and UE:
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For example, let the original set of 
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. The UE receives the feedback beamforming phase
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. In this case, pre-coding vectors the UE really applied at transmit antennas are shown below:
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2.3. Channel Synthesis 

In the pre-coded pilot scheme a received pilot symbol is 
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, where p is the transmitted pilot symbol, H is channel matrix, w is the pre-coding vector, and n is the thermal noise in a symbol. Channel synthesis firstly removes the precoding w the UE used which is informed by Node B. The equation for the compensated received signal is then:
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From this compensated signal the pure channel matrix H can then be estimated.
3. Simulation Results Summarized
3.1. Simulation Results
The following Table 1 and Table 2 are from [1].
Table 1:  Tx Ec/No gains for asymmetric and enhanced symmetric beamforming
	channel Type
	PCI error rate
	Asymmetric
	Enhanced symmetric
	Asymmetric with

channel synthesis
	Enhanced symmetric
with channel synthesis

	PA3

	ideal
	1.87
	1.9
	2.16
	2.16

	
	2%
	1.63
	1.87
	1.96
	2.01

	
	4%
	1.57
	1.74
	1.8
	1.83

	VA30

	ideal
	0.03
	0.28
	0.8
	0.8

	
	2%
	-0.05
	0.1
	0.73
	0.7

	
	4%
	-0.07
	0.09
	0.67
	0.67


Table 2:  Rx Ec/No gains for asymmetric and enhanced symmetric beamforming
	channel Type
	PCI error rate
	Asymmetric
	Enhanced symmetric
	Asymmetric with

channel synthesis
	Enhanced symmetric
with channel synthesis

	PA3
	ideal
	-0.36
	-0.57
	-0.26
	-0.1

	
	2%
	-0.62
	-0.65
	-0.32
	-0.28

	
	4%
	-0.63
	-0.7
	-0.42
	-0.32

	VA30
	ideal
	-0.1
	-0.14
	-0.08
	-0.04

	
	2%
	-0.11
	-0.13
	-0.1
	-0.06

	
	4%
	-0.11
	-0.14
	-0.1
	-0.06


Based on the above tables, we could get the following observations:
· Channel synthesis can get most advantage over without channel synthesis. 
· In this case, if channel synthesis is applied by Node B, two options of asymmetric and enhanced symmetric beamforming schemes have similar gains. 
· Even though channel synthesis is not applied, no distinguishable gain is observed of enhanced symmetric beamforming to asymmetric beamforming. Therefore, we do not see obvious benefits of the introduction of extra beamforming implementation. 

· There is no major difference of Tx and Rx gains for various channel conditions and PCI error rate, when channel synthesis is used.
3.2. Simulation Results in SHO

Tables 3 and Table 4 show the performance of closed loop transmit diversity (CLTD) for different beamforming implementations in SHO, and also compared with the gains of channel synthesis. The detail configuration is described in [3].
 Table 3:  Tx Ec/No gains for asymmetric and enhanced symmetric beamforming in SHO
	channel type
	cell imbalance
	Asymmetric beamforming + channel synthesis on serving cell,  
asymmetric beamforming on non-serving cell
	Enhanced symmetric beamforming on both Cells
	Enhanced symmetric + channel synthesis beamforming on serving cell, 
enhanced symmetric on non-serving cell

	PA3
	-3
	1.03
	0.87
	1.04

	
	0
	0.43
	0.34
	0.49

	
	3
	-0.14
	-0.09
	-0.02

	VA30
	-3
	0.25
	-0.18
	0.24

	
	0
	-0.24
	-0.41
	-0.23

	
	3
	-0.61
	-0.66
	-0.54


Table 4:  Rx Ec/No gains for asymmetric and enhanced symmetric beamforming in SHO
	channel type
	cell imbalance
	Asymmetric beamforming + channel synthesis on serving cell,  
asymmetric beamforming on non-serving cell
	Enhanced symmetric beamforming on both Cells
	Enhanced symmetric + channel synthesis beamforming on serving cell, 
enhanced symmetric on non-serving cell

	PA3
	-3
	-0.58
	-0.6
	-0.49

	
	0
	-1.13
	-1.17
	-0.93

	
	3
	-1.68
	-1.61
	-1.48

	VA30
	-3
	-0.37
	-0.72
	-0.41

	
	0
	-0.83
	-0.92
	-0.82

	
	3
	-1.18
	-1.12
	-1.08


Based on the above tables, we could get the following observations:

· The options with channel synthesis on serving cell have higher Tx and Rx gains over the option without channel synthesis. 
· When cell imbalance is -3 or 0 dB, asymmetric beamforming with channel synthesis have the eaqual performance with enhanced symmetric beamforming with channel synthesis in serving cell, which can achieve more gain than enhanced symmetric beamforming only.
· When cell imbalance is 3dB, the gains for asymmetric beamforming with channel synthesis on the serving cell and enhanced symmetric beamforming only are the similar. 
Observation: asymmetric and enhanced symmetric beamforming has similar Tx gain and Rx loss with or w/o channel synthesis, the difference is 0.1- 0.2db which is not significant
4. Options Comparison
In the following, we attempt to characterize each beamforming option with respect to performance in non-SHO and SHO, implications to serving NodeB channel estimation for demodulation, NodeB channel estimation for determining the next set of PCI, impact to UE the choice of precoding weight and precoding process, and forward compatibility with respect to dual stream transmission.
Table 4:  Comparison of different beamforming options
	Comparison of different beamforming options
	Without Channel synthesis
	With Channel synthesis

	
	Asymmetric
	Enhanced symmetric
	Asymmetric
	Enhanced symmetric

	Performance 
	non-SHO
	Less gain (~0.3dB) compared with channel synthesis
	Less gain (~0.3dB) compared with channel synthesis
	Almost the same with enhanced symmetric beamforming

	
	SHO
	/
	Less gain (~0.1dB) compared with channel synthesis
	Almost the same with enhanced symmetric beamforming when imbalance = -3 and 0 dB, 
and about 0.1dB difference in Tx gain when imbalance =3 dB

	NodeB channel estimation
	determine PCI
	 NodeB get combined channel Hw directly used in PCI determination
	More complex, NodeB also have to calculate the real precoding weight
	NodeB estimate channel matrix H by precoding weight (w) of the last TTI
	More complex, NodeB also have to calculate the real precoding weight

	
	demodulation
	NodeB use the same channel Hw in demodulation as in PCI determination
	More complex, NodeB also have to calculate the real precoding weight
	NodeB use the same channel H in demodulation as in PCI determination 
	More complex, NodeB also has to calculate the real precoding weight

	UE
	choice of precoding weight
	UE choose precoding weight from coding book.
	More complex, UE has to calculate the real precoding weight
	UE choose precoding weight from coding book.
	More complex, UE has to calculate the real precoding weight

	
	precoding
	apply the phase in only one of the pilots. 
	apply the relative phases in both of the two pilots.
	apply the phase in only one of the pilots. 
	apply the relative phases in both of the two pilots.

	Forward compatibility to UL MIMO
	enable
	enable
	enable
	enable


From the above table, we can see that when with channel synthesis, asymmetric and enhanced symmetric have the comparable performance, and asymmetric seems to be more advantageous in implementation complexity on both of NodeB and UE. So we suggest:
Proposal 1: Asymmetric beamforming should be applied in UL CLTD.
5. Conclusions
In this contribution, simulation results are collected for evaluating the performance of the four beamforming options in non-soft handover and soft handover scenarios. Comparison of different beamforming options s are summarized in Table 5. We make the following proposals:
Proposal 1: Asymmetric beamforming should be applied in UL CLTD.
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