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1
Introduction

In uplink closed loop transmit diversity (CLTD), the beam formed DPCCH and S-DPCCH cause phase discontinuity at the receiver. This causes performance degradation unless addressed by mechanisms that compensate for this discontinuity.

In this contribution, we evaluate the performance of asymmetric beamforming implementation with synthesis at the serving cell and enhanced symmetric beamforming with and without synthesis. We evaluate the impact of phase discontinuity and also quantify the extent to which these algorithms mitigate the problem.
2
Phase Discontinuity
The beamforming phase applied at the UE is quantized to 4 finite number phase levels. Due to this phase quantization and downlink feedback error, the trajectory of the beamforming phase used by the user equipment (UE) is discontinuous. In order to estimate the channel, the Node B receiver typically uses a pilot filter averaging over two or more slots. Consequently, the discontinuous phase trajectory will have a negative impact on the channel estimate and cause performance degradation at the receiver.  For the evaluation presented below, we consider a precoded pilot structure as shown in [1]. To quantify the impact of phase discontinuity, we consider the performance of following beamforming techniques for different PCI feedback errors.

2.1
Asymmetric Beamforming

Asymmetric beamforming applies the phase in only one of the pilots. The DPCCH is precoded with the stronger beamforming weight vector 
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where 
[image: image2.wmf]1

2

2

2

1

=

+

a

a

 , and the beamforming phase is denoted by  
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. The secondary pilot channel (S-DPCCH) is precoded with the weaker orthogonal weight vector:
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Channel sounding in the presence of asymmetric implementation can cause negative effects at the receiver.
2.2
Enhanced Symmetric Beamforming

This is an enhancement of the symmetric type of implementation.  Symmetric implementation is not suitable for CLTD beamforming where phase changes up to 90 degree or larger occur from one slot to the next. However, with some modifications, it is seen that symmetric implementation can indeed be applied to CLTD as well. We refer to this as the enhanced symmetric beamforming. A brief description of the algorithm is given below. 

2.2.1
Algorithm Description

Assume the beamforming phase 
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 is used by UE for slot n. For slot n+1, the received beamforming phase signalled by the NodeB is 
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. The final beamforming phase 
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that the UE applies in slot n+1 is computed in the following way:
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For the purpose of beamforming phase determination, the serving Node B needs to run the same algorithm as UE to keep track of the phase trajectory so that its receiver can remove the beamforming effect. A more detailed description with examples is provided in Annex A. Additional details of the enhanced symmetric beamforming is also provided in [2]. 
2.3
Channel Synthesis

The true physical channel is synthesized at the NodeB by constructing the channel matrix and removing the precoding by multiplying with the inverse of the precoding matrix.  Channel estimates of the physical channels can then be obtained by filtering across two or more slots. Finally, the composite channel estimate for data demodulation is constructed from the constituent physical channels and the beamforming phase applied. A more detailed description of channel synthesis can be found in Annex B. Additional details can also be found in [2]. 

Note that channel synthesis can only be applied at the serving NodeB since the non-serving NodeB is unaware of the beamforming weight vectors applied by the UE. Therefore, the gains of this phase compensatory technique are limited. 
3
CLTD in Soft Handover
The serving Node B will determine the CLTD beamforming weight vector and feedback relevant information to the UE. In this paper, we focus on 2 bit phase only direct feedback scheme with updates every 3 slots and feedback delay is 3 slots. The non-serving Node B attempts to decode the packet as usual. 

We compare the use of Asymmetric beamforming with synthesis at the serving NodeB with enhanced symmetric beamforming. 
3.1
Link Imbalance

In this contribution, the following variables are defined.

IA->B : The imbalance between the two links from the UE to A and from the UE to B where A and B are the two NodeB’s in the active set. The UE is in soft handover.

GTx1->A : The antenna gain for the link from Antenna 1 (Tx1) to A which is the serving NodeB

GTx2->A : The antenna gain for the link from Antenna 2 (Tx2) to A which is the serving NodeB

GTx1->B : The antenna gain for the link from Antenna 1 (Tx1) to B which is the non-serving NodeB

GTx2->B : The antenna gain for the link from Antenna 2 (Tx2) to B which is the non-serving NodeB

These variables along with the simulation framework are shown in Figure 1.
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Figure 1: Simulation framework where the UE is in soft handover with Serving NodeB A and Non-Serving NodeB B

In this simulation, we assume all four antenna gain variables are equal to a constant. Two downlinks are independent of each other, so are the two uplinks. It is assumed that the path loss to the serving and non-serving NodeBs have -3dB, 0, 3dB imbalances: IA->B = [-3, 0 3]dB.

3.2
Uplink Power Control

Uplink power control in the soft handover simulation is implemented in the following way:

· The outer-loop set point reacts to CRC failures from both the NodeB’s. If one NodeB succeeds in decoding the packet while the second NodeB fails, the outer loop would consider it to be a successful decoding and the set point would be adjusted accordingly.

· The inner loop power control commands are generated independently from each NodeB based on the estimated received SIR at each NodeB.

· The UE transmit power level is adjusted according to the “or of downs” rule, i.e., the TPC commands transmitted from the serving and non-serving cells are combined using this rule.

3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [3]. They are repeated in Annex C. The power delay profiles of the simulated channels and the associated finger allocations are shown in Annex D.

The assumptions that specifically pertain to the simulation of CLTD are shown in Table 1. 

Table 1: CLTD specific link level simulation assumptions 
	Parameter
	Value

	Compensation of phase discontinuity
	Asymmetric Beamforming with synthesis
Enhanced Symmetric Beamforming with and without synthesis

	PCI Codebook
	2bit phase only

	CLTD Feedback Type
	Direct Feedback

	CLTD Feedback Error Rate [%]
	2% per bit

	CLTD Feedback Update Rate
	3 slot

	CLTD Feedback Delay
	3 slots

	Channel estimation for beam selection
	Causal 4-slot with filter weights

[0.4 0.3 0.2 0.1]


4
Link Simulation Results
The performance metrics that are shown are computed as follows:

· Rx gain = (Rx Ec/No with single Tx antenna) – (Rx Ec/No with Tx diversity) 

· Tx gain =(Tx Ec/No with single Tx antenna) – (Tx Ec/No with Tx diversity) 

Table 2 shows the Tx Ec/No gains for different beamforming implementations for CLTD in Soft Handover.
Table 2: Tx Ec/No gains for CLTD in SHO with different beamforming implementations
	Tx Ec/No Gain [dB]
	IA->B= -3dB
	IA->B= 0dB
	IA->B= 3dB

	PA3
	Enhanced Symmetric only
	1.13
	1.59
	2.8

	
	Asymmetric with Synthesis
	1.24
	1.61
	2.68

	
	Enhanced Symmetric with Synthesis
	1.24
	1.63
	2.8

	VA30
	Enhanced Symmetric only
	-0.31
	0.25
	2.08

	
	Asymmetric with Synthesis
	-0.12
	0.32
	2.06

	
	Enhanced Symmetric with Synthesis
	-0.16
	0.33
	2.22


It can be seen from Table 1, that the performance of all the three beamforming schemes are quite similar under different link imbalances. Since channel synthesis is not required when enhanced symmetric beamforming alone is implemented, it is the least complex solution offered. Consequently, the following is proposed.
Proposal:  Enhanced symmetric beamforming is adopted for CLTD.

5
Conclusions

In CLTD, there is a need for phase compensation at the NodeB (both serving and non-serving) to mitigate performance loss due to phase discontinuities.
In this contribution, a comparison was performed between different phase compensations schemes for CLTD in Soft handover. It was seen that all the beamforming implementation were quite similar but the least complex solution was the one offered by enhanced symmetric beamforming. Therefore, the following is proposed: 
Proposal:  Enhanced symmetric beamforming is adopted for CLTD.
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Figure 4: Symmetric Implementation of Beamforming

A symmetric (illustrated in Figure 4) beamforming scheme was proposed in [4], where the beamforming phase is split into half negative and half positive (thus maintaining the beamforming effect). The following special case will help understand some benefit of this symmetric implementation method. Let the channel 
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 between the transmit antenna t and the receive antenna r be static. Without loss of generality, let
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, and the beamforming allows equal transmit power allocation (
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). Then composite channel response experienced by signal 
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which has a constant phase 0, regardless of the beamforming phase.

However, this implementation method does have a drawback if the beamforming phase [image: image19.wmf]]
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 has finite quantization and there exists feedback error of beamforming information in the downlink. For example, let's assume the quantization set is {0, 90, 180, 270}. Let the channel response 
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and the same values hold for slot n+1 as well. Let the beamforming vector always have equal transmit power allocation. The only variable is the beamforming phase. In slot n, let the beamforming phase be 270 degree which is optimal. As shown in Figure 5, the composite channel response is 2.

In the next slot, due to sub-optimality, let the beamforming phase be 0 degree (i.e. 90 degree effective phase error). As shown in Figure 5, the composite channel response is
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. It is obvious that if a pilot filter averages over these two slots to obtain channel estimates for data demodulation etc, the estimate will be
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which has a very small amplitude (signal quality) due to the opposite sign of the composite channel response in two consecutive slots. Due to noise and interference, it will make the channel estimates have low signal to noise ratios. 
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Figure 5: Effect of Phase Choice in Symmetric Implementation of Beamforming

On the other hand, we can enhance the symmetric implementation to overcome this issue. We expand the quantization set to {0, 90, 180, 270, -360, -270, -180, -90}. Instead of using 0 degree, we can use -360 degree as the beamforming phase (in terms of beamforming, they are equivalent phases). As shown in Figure 5, after rotation, the two channel response vectors still add up quite constructively, giving rise to a composite channel response 
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. For a pilot filter averaging over these two slots to obtain channel estimates for data demodulation etc, the estimate will be
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dB better than the original one.

A.1
Detailed Algorithm Description
In general, let the original set of quantization phases be (unit: degree)
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which has values in the interval 
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degree. Define an expanded set of quantization phases to be
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Assume the beamforming phase 
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 is used by UE for slot n. For slot n+1, the received beamforming phase based on the original quantization set is 
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. Next, UE shall determine the final beamforming phase 
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 for slot n+1 by the following algorithm:
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For the purpose of beamforming phase determination, the serving Node B needs to run the same algorithm as UE to keep track of the phase trajectory so that its receiver can remove the beamforming effect.

In general, the size of the expanded beamforming phase set is doubled relative to the original set. A trivial alternative is to use the following expanded set
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without changing the nature of the algorithm.

The key idea is to make sure the difference between two consecutive beamforming phases is in the intervals of 
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 degree, where k is an integer (Note: if two phases are 720 degree apart, they are equivalent both in the sense of beamforming and for the enhanced symmetric implementation where every phase is split into halves. On the other hand, 360 degree difference does not have the second equivalence property).

If enhanced symmetric implementation is used, for the purpose of data demodulation channel estimation, the serving and non-serving Node B receivers can still run the legacy pilot filter directly on the DPCCH. 

Annex B

Another algorithm to mitigate the impact of phase (or amplitude, if any) discontinuity is to use the channel synthesis, which is a Node B centric algorithm. 

For the purpose of beamforming weight determination, the Node B receiver can invert the beamforming matrix to obtain per-slot estimates of physical channels. In this case of the single path channel, after de-scrambling and de-spreading the pilot channels and averaging within a slot, we have the following equation for receive antenna 1 (scaling factor ignored)


[image: image38.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

×

÷

÷

ø

ö

ç

ç

è

æ

-

=

÷

÷

ø

ö

ç

ç

è

æ

2

1

12

11

2

,

2

,

1

,

1

,

2

1

2

1

n

n

h

h

e

e

y

y

j

c

c

j

c

c

q

q

b

b

b

b


By inverting the coefficient matrix, we can further obtain the channel estimate for each physical channel element
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Since these are slot level estimates for physical channel elements, we can further average these over multiple slots to improve the SNR. Let the filtered channel estimates for slot n be
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Let the beamforming phase signalled by Node B to be used by UE in slot n be 
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. Then the Node B receiver can synthesize the composite channel estimate of the stronger beam for slot n as
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Note: the above example is based on the asymmetric beamforming implementation. For the enhanced symmetric implementation, the synthesis method can be applied as well.

Due to the requirement of beamforming information, the non-serving Node B can’t implement this synthesis method unless PCI is explicitly signalled by UE.
Annex C

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	-3

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	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)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	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 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Annex D

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	10
	22
	33
	Not Assigned
	Not Assigned
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