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Introduction
Work item covering Closed loop (CL) Beamforming (BF) was agreed in RAN#50 [1] to extend the previous uplink open loop transmit diversity studies. In RAN#63 initial results for CLBF were presented, see, e.g., [2] and [3]. Those studies were deepened in RAN#64 where results based on common assumptions agreed in 3GPP were presented, see, e.g., [4], [5], [6], [7], [8] and [9]. 
The purpose of this contribution is to present system level simulation results on CLBF with absolute and recursive feedback methods. Moreover, in this contribution amplitude component is not included to the codebook and 0 dB antenna imbalance is assumed. For the description of the recursive feedback method, see, e.g. [10]. For the results on the performance of amplitude component with different long term antenna imbalances, see, e.g. [11] and [12]. The simulations presented in this contribution assume ISD of 2800 m where the UEs are more likely to be limited by available power.
Closed Loop Beamforming
In this contribution pre-coded dual pilot beamforming scheme illustrated in Figure 1, is assumed. In the scheme phase and amplitude adjustments are applied for the pilot as well as to the data channels. Moreover, a single power control loop is assumed. Pre-coding weight vector is determined by the serving NodeB and fed back to the UE. The update rate, delay in pre-coding vector application and the codebook size are detailed in simulation assumptions. 

The NodeB receiver weight vector 
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in the previous slot is maximized. 
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 denotes the l:th channel matrix (contains all Tx-Rx pairs) for slot k. Moreover, the primary pilot, DPCCH, is pre-coded with the primary beamforming weight vector
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, and the beamforming phase is denoted by [image: image7.png]


. The E-DPCCH, E-DPDCH and HS-DPCCH channels are pre-coded with the primary beamforming weight vector. The scaled secondary pilot channel (S-DPCCH) is pre-coded with the orthogonal secondary beamforming weight vector
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reflect the selected codebook power offset which equals to even offset in this contribution.
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Figure 1 Pre-coded pilot CLBF, [4]
Feedback Modelling
Absolute and recursive feedback methods are studied. In the absolute feedback method, the information for the whole beamforming vector, i.e. 2 bits, is transmitted in every feedback perioid whereas in the recursive feedback method, one bit per feedback update perioid is transmitted. In this paper, the feedback bits of the current and previous perioids are combined to form the precoding vector. The method can be found from [10]. In both studied cases, the number beamforming vectors is 4.

The use of precoded pilot means that channel estimate for the demodulation is directly available from the channel estimate. However, the non-beamformed channel needs to be calculated in order to derive the channel for feedback calculation. The receiver uses the already signaled beamforming weight to solve the non-beamformed channel. The applied beamforming weight in the transmitter is not necessarily the same as the assumed one in the receiver if feedback error occurs and the receiver is not aware on the feedback error. This causes error propagation which is illustrated in Figure 2 for the recursive feedback method. The absolute feedback method also suffers from the error propagation but the memory is shorter.
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Figure 2 Impact of weight signaling error on recursive feedback method
System Simulation Assumptions
This study has been performed using a quasi-static time driven system simulator which simulates HSUPA with a slot resolution. These studies have been conducted in three tier macro cellular scenario with wrap-around. The scenario is presented in Figure 3 and actual simulation area consists of 19 base stations which results into 57 hexagonal cells. Statistics are collected from all cells. UEs are distributed uniformly around the simulation area which can result into some cells being more loaded than others. 
Moreover, in this study, Inter Site Distance (ISD) of 2800 m is assumed and NodeB receiver is a RAKE. The feedback bit error rate of the beamforming weights equal to [0, 5, 10, 20] % and the receiver is aware of the applied antenna weights at the transmitter. Both Pedestrian A 3 kmph and Vehicular A 30 kmph channels are simulated. The rest of the most essential parameters and assumptions can be found in the Appendix A at the end of this contribution.
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Figure 3 Simulation scenario
Simulation Results and Analysis

Simulation results are presented in this section. Legends in the figures refer to different cases so that
· “Baseline” equals to 1x2 HSUPA (i.e. no Tx diversity)  

· “X, Y% BER” equals to pre-coded dual pilot closed loop Tx diversity with feedback method X and Y % bit error rate.
The performance is evaluated through user throughputs. Additional numerical results can be found in the Appendix B at the end of this contribution.
User throughput
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Figure 4 User throughput PEDA3, ISD 2800m
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Figure 5 User throughput VEHA30, ISD 2800m


Figures 4 and 5 show user throughput for both PedA3 and VehA30 channels. Both CLBF feedback methods indicate gain over the baseline in both channels, but the gains in PedA channel are higher. When 0% feedback BER is assumed, the performance with both the absolute and recursive feedback methods match closely. However, when BER value is increased, the absolute feedback method performs better and the performance gain over recursive increases as BER increases. 
50%-ile user throughput
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Figure 6 50th percentile throughput, PEDA3, ISD 2800m
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Figure 7 50th percentile throughput, VEHA30, ISD 2800m


Figures 6 and 7 illustrate the 50th percentile throughput from the figures above. With 50th percentile throughputs the performance gain of absolute feedback method over recursive feedback method is noticeable as BER increases, especially with PedA3 channel. The performance of recursive feedback at 5 % feedback error rate is almost the same as absolute feedback at 10 % error rate. Or alternatively at 5 % feedback error level the absolute feedback method achieves 5% higher throughput as in Table 1.
Table 1 Impact of weight update error, user throughput [kbps], 50%-ile

	Case
	Absolute, PedA3
	Recursive, PedA3
	Absolute, VehA30
	Recursive, VehA30

	Baseline
	400
	400
	390
	390

	0% BER
	560

(+40 %)
	560

(+40 %)
	460

(+19 %)
	450

(+17 %)

	5% BER
	520

(+ 31%)
	500

(+26 %)
	430

(+ 10%)
	420

(+ 7%)

	10% BER
	490

(+ 24%)
	470

(+ 17%)
	420

(+8 %)
	400

(+ 4%)

	20% BER
	450

(+ 12%)
	410

(+ 2%)
	400

(+ 3%)
	380

(-2 %)


10%-ile user throughput
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Figure 8 10th percentile throughput, PEDA3, ISD 2800m
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Figure 9 10th percentile throughput, VEHA30, ISD 2800m


Figures 8 and 9 show the 10th percentile throughput for both PedA3 and VehA30. In general, the absolute feedback method outperforms the recursive method as BER value increases. With VehA30 the difference between feedback methods is smaller than in PedA3 channel. 
Conclusion

This contribution shows system level performance of closed loop beamforming with absolute and recursive feedback methods when Tx diversity penetration is 100% and 0 dB long term antenna imbalance is assumed. When comparing performance between the recursive and the absolute feedback the benefit of having absolute feedback comes in increased tolerance for weight signaling bit errors. Moreover, it is shown that the higher the BER the higher is the benefit from absolute feedback over recursive.
Appendix A: Simulation Assumptions

Table 2 Main simulation assumptions

	Parameters
	Values and comments

	Inter-site distance [m]
	2800

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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	Channel Model
	PA3, VA30

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector vs. drops [UEs/cell, drops]
	4 UEs/cell with 8 drops

	Simulation time [s]
	10

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	 3 slot filtering, utilized through Actual Value Interface (AVI) tables, estimator is ideally aware on applied antenna weight

	Pre-coding Codebook Size
	4 phases

	Amplitude Component Offsets
	0.5 / 0.5

	Weight Signalling Feedback
	[Absolute, Recursive]

	Number of Feedback Bits
	1 bit for recursive feedback method 

2 bits for absolute feedback method

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	[0, 5, 10, 20]

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling 
	Period
	2ms

	
	Type
	Proportional fair

	
	UPH filtering
	100 ms


Table 3 Path delays and powers for Pedestrian A and Vehicular A environments
	Tap
	Vehicular A
	Pedestrian A

	
	Relative delay (chips)
	Average power (dB)
	Relative delay (chips)
	Average power (dB)

	1
	0
	-3.14256
	0
	-0.24

	2
	1
	-4.14256
	1
	-13.01

	3
	3
	-12.1426
	2
	-25.72

	4
	4
	-13.1426
	
	

	5
	7
	-18.1426
	
	

	6
	10
	-23.1426
	
	


References

[1] RP-101438, 3GPP Work Item Description, Uplink Transmit Diversity for HSPA, RAN #50.
[2] R1-110182, Initial System Level Simulation Results on Closed Loop Transmit Diversity with LMMSE receiver and ISD of 1000 m, Renesas Electronics Europe, Nokia Siemens Networks, Nokia, RAN #63bis.

[3] R1-110183, Initial System Level Simulation Results on Closed Loop Transmit Diversity with LMMSE receiver and ISD of 2800 m, Renesas Electronics Europe, Nokia Siemens Networks, Nokia, RAN #63bis.

[4] R1-110827, Impact of Codebook Size and Weight Update Delays on System Level CLTx Diversity Performance with RAKE receiver and ISD of 2800 m, Renesas Electronics Europe, RAN #64.

[5] R1-110828, Impact of Weight Signaling errors and Signaling Source on System Level CLTx Diversity Performance with RAKE receiver and ISD of 2800 m, Renesas Electronics Europe, RAN #64.

[6] R1-110830, System Level Performance of Closed Loop Tx Diversity with pre-coded pilots, RAKE receiver and ISD of 1000 m, Renesas Electronics Europe, RAN #64.

[7] R1-110831, System Level Performance Closed Loop Tx Diversity with pre-coded pilots, RAKE receiver and ISD of 2800 m, Renesas Electronics Europe, RAN #64.

[8] R1-110832, System Level Performance of Closed Loop Tx Diversity with pre-coded pilots, LMMSE receiver and ISD of 1000 m, Renesas Electronics Europe, RAN #64.

[9] R1-110833, System Level Performance of Closed Loop Tx Diversity with pre-coded pilots, LMMSE receiver and ISD of 2800 m, Renesas Electronics Europe, RAN #64.

[10] R1-110658, Link Analysis of PCI Codebook design for UL CLTD: Comparison of Direct and Recursive schemes, QUALCOMM Incorporated, RAN #64.

[11] R1-111273, Impact of Amplitude Component on System Level CL Tx Diversity Performance with RAKE receiver, ISD of 2800 m and 0 dB long term imbalance, Renesas Electronics Europe , RAN #65.
[12] R1-111274, Impact of Amplitude Component Together with Long Term Antenna Imbalance on System Level CL Tx Diversity Performance with RAKE receiver, ISD of 2800 m, Renesas Electronics Europe , RAN #65.

� EMBED Equation.3 ���





� EMBED Equation.3 ���








3GPP


[image: image22.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

[image: image23.wmf]dB

3

q

_1364285499.unknown

_1364285501.unknown

_1364285503.unknown

_1364285505.unknown

_1365600778.vsd

_1364285504.unknown

_1364285502.unknown

_1364285500.unknown

_1364285497.unknown

_1364285498.unknown

_1364285496.unknown

