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Introduction
New 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]. However, simulation assumptions and CLBF schemes between different companies differentiated and thus common simulation assumptions were agreed on the basis of [4]. 
The purpose of this contribution is to present system level simulation results with revised assumptions on CLBF performance with different weight signaling options and signaling errors. These include weights being based on the strongest NodeB versus the serving NodeB and weights being signaled with different error probabilities. As the fast fading differs between the links in UEs active set, the strongest NodeB can be different than the serving NodeB. The simulations presented in this contribution assume ISD of 2800 m where UEs are likely to get power limited.
Closed Loop Beamforming
In this contribution pre-coded dual pilot beamforming scheme illustrated in Figure 1, is assumed. In the scheme phase adjustments are applied for the pilot as well as to the data channels. Moreover, a single power control loop and that each antenna branch is transmitted with 50% of the TX power 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

[image: image4.wmf][

]

2

1

2

1

q

q

j

j

e

a

e

a

,
where 
[image: image5.wmf]1

2

2

2

1

=

+

a

a

, 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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In this contribution it is assumed that 
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Figure 1 Pre-coded pilot CLBF, [4]
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 2 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 error rate of the beamforming weights equals 2% unless other value is stated  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. To provide more in-depth analysis of the performance of CL this contribution studies the impact of different bit error rates with weight signaling (0%, 1%, 2%, 5%, 10%, 20%, 30%) and what kind of performance can be reached with weights signalled from the strongest NodeB instead of the serving NodeB. The rest of the most essential parameters and assumptions can be found in the Appendix at the end of this contribution.
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Figure 2 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) and ” CL Dual Pilot, x”/”CLDP, BER y %” equal to pre-coded dual pilot closed loop Tx diversity cases with different assumptions. 
The performance is evaluated mainly through cell and user throughputs in addition to transmit powers and RoT levels. 
Cell throughput
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Figure 3 Serving vs. strongest, cell throughput PedA3, ISD 2800m
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Figure 4 Serving vs. strongest, cell throughput VehA30, ISD 2800m


Figure 3 and Figure 4 show cell throughput for both PedA3 and VehA30 channels in terms of weight updates from the serving vs. the strongest NodeB. The results indicate that whether the weights are signalled from serving NodeB or from the strongest NodeB has only a minor effect on cell throughput. In most of the cases with weights signalled from the strongest NodeB the gains are slightly higher than with weights signalled from the serving NodeB. 
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Figure 5 Weight update error, cell throughput PedA3, ISD 2800m
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Figure 6 Weight update error, cell throughput VehA30, ISD 2800m


Figure 5 and Figure 6 show cell throughput for both PedA3 and VehA30 channels in terms of weight signaling error. The results indicate that the CLBF scheme tolerates weight signaling errors rather well up to a 5% probability, resulting in roughly a few percent performance loss at worst case when compared to the situation without update errors.
10%-ile user throughput
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Figure 7 Serving vs. strongest, 10th percentile throughput PedA3, ISD 2800m
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Figure 8 Serving vs. strongest, 10th percentile throughput VehA30, ISD 2800m
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Figure 9 Weight update error, 10th percentile throughput PedA3,ISD 2800m
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Figure 10 Weight update error, 10th percentile throughput VehA30, ISD 2800m


Figure 7 through Figure 10 show the 10th percentile throughput bars for both PedA3 and VehA30. The relative gain are higher for 10th percentile users than the cell throughput numbers indicated above but the general findings about weight update errors and updates from the strongest vs. the serving remain similar.
DPCCH Tx power
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Figure 11 Serving vs. strongest, combined DPCCH Tx power, Mean, PA3, ISD 2800m
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Figure 12 Serving vs. strongest, combined DPCCH Tx power, Mean, VehA30, ISD 2800m
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Figure 13 Weight update error, combined DPCCH Tx power, Mean, PA3, ISD 2800m
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Figure 14 Weight update error, combined DPCCH Tx power, Mean, VehA30, ISD 2800m


Combined DPCCH Tx powers are illustrated in Figure 11 through Figure 14. As those figures show the system tolerates weight signaling error up to 5% rather well and whether the weights are signalled from the strongest NodeB or the serving NodeB pose no noticeable performance issues.
RoT
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Figure 15 Serving vs. strongest, RoT, Mean, PedA3, ISD 2800m
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Figure 16 Serving vs. strongest, RoT, Mean, VehA30, ISD 2800m
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Figure 17 Weight update error, RoT, Mean, PedA3, ISD 2800m
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Figure 18 Weight update error, RoT, Mean, VehA30, ISD 2800m


Figure 15 through Figure 18 show the average RoT levels for different weight update error percentages and whether the weights are signalled from the strongest NodeB or the serving NodeB. As it can be seen the RoT levels remain fairly constant with different CL assumptions.

Conclusion

This contribution shows system level performance of closed loop beamforming when Tx diversity penetration is 100%. Moreover, the impact of weight signaling errors with different probabilities are studied in addition to impact of whether the weights are updated from the serving NodeB or the strongest NodeB. The results show that the system can tolerate weight signaling errors up to 5 % without significant performance drop. In terms of weights updated from the strongest NodeB or the serving NodeB no major differences are seen.

Appendix A: Additional Results

Table 1 Impact of weight update error, cell throughput [kbps], PedA 3 kmph

	Case
	0.25 UEs/cell
	0.5 UEs/cell
	1 UEs/cell
	2 UEs/cell
	4 UEs/cell
	10 UEs/ cell

	Baseline
	429,226
	758,702
	1206,708
	1655,955
	1912,220
	1683,612

	CLBF, error 0%
	507,079
	907,960
	1522,953
	2132,329
	2559,248
	2519,500

	CLBF, error 1%
	507,402
	894,839
	1487,862
	2129,984
	2528,769
	2501,844

	CLBF, error 2%
	505,052
	890,819
	1480,032
	2113,878
	2520,858
	2476,665

	CLBF, error 5%
	498,573
	877,439
	1454,326
	2077,054
	2460,884
	2400,041

	CLBF, error 10%
	488,593
	856,616
	1418,173
	2018,897
	2372,451
	2290,340

	CLBF, error 20%
	469,622
	821,219
	1350,051
	1906,172
	2219,801
	2073,716

	CLBF, error 30%
	451,909
	787,586
	1289,067
	1809,518
	2078,178
	1890,385

	CLBF gain [%], error 0%
	18,14
	19,67
	26,21
	28,77
	33,84
	49,65

	CLBF gain [%], error 1%
	18,21
	17,94
	23,30
	28,63
	32,24
	48,60

	CLBF gain [%], error 2%
	17,67
	17,41
	22,65
	27,65
	31,83
	47,10

	CLBF gain [%], error 5%
	16,16
	15,65
	20,52
	25,43
	28,69
	42,55

	CLBF gain [%], error 10%
	13,83
	12,91
	17,52
	21,92
	24,07
	36,04

	CLBF gain [%], error 20%
	9,41
	8,24
	11,88
	15,11
	16,09
	23,17

	CLBF gain [%], error 30%
	5,28
	3,81
	6,83
	9,27
	8,68
	12,28


Table 2 Impact of weight update error, cell throughput [kbps], VehA 30 kmph

	Case
	0.25 UEs/cell
	0.5 UEs/cell
	1 UEs/cell
	2 UEs/cell
	4 UEs/cell
	10 UEs/ cell

	Baseline
	358,823
	661,341
	1116,496
	1509,418
	1795,789
	1641,988

	CLBF, error 0%
	391,344
	710,697
	1211,509
	1750,557
	2100,117
	2078,257

	CLBF, error 1%
	385,780
	701,053
	1191,214
	1768,387
	2088,856
	2041,093

	CLBF, error 2%
	383,941
	698,819
	1188,870
	1762,297
	2081,736
	2033,015

	CLBF, error 5%
	381,648
	692,744
	1178,067
	1748,055
	2057,443
	1997,854

	CLBF, error 10%
	377,937
	685,915
	1164,906
	1715,997
	2021,884
	1950,001

	CLBF, error 20%
	369,839
	670,946
	1137,612
	1676,642
	1951,387
	1861,226

	CLBF, error 30%
	364,684
	658,793
	1115,831
	1636,109
	1894,493
	1780,464

	CLBF gain [%], error 0%
	9,06
	7,46
	8,51
	15,98
	16,95
	26,57

	CLBF gain [%], error 1%
	7,51
	6,00
	6,69
	17,16
	16,32
	24,31

	CLBF gain [%], error 2%
	7,00
	5,67
	6,48
	16,75
	15,92
	23,81

	CLBF gain [%], error 5%
	6,36
	4,75
	5,51
	15,81
	14,57
	21,67

	CLBF gain [%], error 10%
	5,33
	3,72
	4,34
	13,69
	12,59
	18,76

	CLBF gain [%], error 20%
	3,07
	1,45
	1,89
	11,08
	8,66
	13,35

	CLBF gain [%], error 30%
	1,63
	-0,39
	-0,06
	8,39
	5,50
	8,43


Table 3 Impact of weight update error, user throughput [kbps], 10%-ile, PedA 3 kmph

	Case
	0.25 UEs/cell
	0.5 UEs/cell
	1 UEs/cell
	2 UEs/cell
	4 UEs/cell
	10 UEs/ cell

	Baseline
	262,802
	184,801
	126,320
	72,978
	51,800
	45,600

	CLBF, error 0%
	414,267
	370,801
	192,800
	130,160
	94,960
	75,666

	CLBF, error 1%
	392,600
	316,401
	216,400
	102,933
	83,150
	80,000

	CLBF, error 2%
	378,401
	314,200
	217,600
	104,267
	78,467
	79,333

	CLBF, error 5%
	382,802
	307,200
	213,400
	100,267
	82,400
	74,500

	CLBF, error 10%
	371,201
	290,200
	197,200
	94,400
	75,360
	70,000

	CLBF, error 20%
	330,200
	258,100
	178,800
	86,133
	66,089
	62,000

	CLBF, error 30%
	314,200
	236,343
	156,800
	79,400
	59,360
	54,286

	CLBF gain [%], error 0%
	57,63
	100,65
	52,63
	78,36
	83,32
	65,94

	CLBF gain [%], error 1%
	49,39
	71,21
	71,31
	41,05
	60,52
	75,44

	CLBF gain [%], error 2%
	43,99
	70,02
	72,26
	42,87
	51,48
	73,98

	CLBF gain [%], error 5%
	45,66
	66,23
	68,94
	37,39
	59,07
	63,38

	CLBF gain [%], error 10%
	41,25
	57,03
	56,11
	29,35
	45,48
	53,51

	CLBF gain [%], error 20%
	25,65
	39,66
	41,55
	18,03
	27,58
	35,97

	CLBF gain [%], error 30%
	19,56
	27,89
	24,13
	8,80
	14,59
	19,05


Table 4 Impact of weight update error, user throughput [kbps], 10%-ile, VehA 30 kmph

	Case
	0.25 UEs/cell
	0.5 UEs/cell
	1 UEs/cell
	2 UEs/cell
	4 UEs/cell
	10 UEs/ cell

	Baseline
	333,467
	254,600
	143,400
	82,933
	63,600
	55,333

	CLBF, error 0%
	394,200
	302,800
	187,867
	128,933
	87,257
	63,125

	CLBF, error 1%
	373,200
	306,401
	200,200
	109,760
	87,200
	67,333

	CLBF, error 2%
	358,200
	302,401
	201,300
	116,200
	85,760
	67,000

	CLBF, error 5%
	360,400
	294,800
	198,600
	108,920
	87,200
	65,818

	CLBF, error 10%
	356,400
	292,200
	194,866
	104,120
	82,560
	64,000

	CLBF, error 20%
	325,200
	272,200
	174,600
	97,533
	77,543
	60,154

	CLBF, error 30%
	323,200
	268,133
	168,866
	97,150
	76,400
	57,778

	CLBF gain [%], error 0%
	18,21
	18,93
	31,01
	55,47
	37,20
	14,08

	CLBF gain [%], error 1%
	11,92
	20,35
	39,61
	32,35
	37,11
	21,69

	CLBF gain [%], error 2%
	7,42
	18,77
	40,38
	40,11
	34,84
	21,08

	CLBF gain [%], error 5%
	8,08
	15,79
	38,49
	31,33
	37,11
	18,95

	CLBF gain [%], error 10%
	6,88
	14,77
	35,89
	25,55
	29,81
	15,66

	CLBF gain [%], error 20%
	-2,48
	6,91
	21,76
	17,60
	21,92
	8,71

	CLBF gain [%], error 30%
	-3,08
	5,32
	17,76
	17,14
	20,13
	4,42


Appendix B: Simulation Assumptions

Table 5 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]
	[0.25, 128;

 0.50,   64;

 1.00,   32; 
 2.00,   16; 
 4.00,     8;

10.00 ,   4]

	Simulation time [s]
	10

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering, utilized through Actual Value Interface (AVI) tables

	Pre-coding Codebook Size
	4 phases

	Number of Feedback Bits
	2

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	[0, 1, 2 (default), 5, 10, 20, 30]

	
	Weights updated from
	[serving NodeB (default), strongest NodeB]

	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 6 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
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