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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 on CLBF with the revised assumptions and schemes. 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
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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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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 % 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 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 “precoded” equals to pre-coded dual pilot closed loop Tx diversity with 4-codeword codebook. 
The performance is evaluated mainly through cell and user throughputs in addition to DPCCH transmit power CDFs and RoT levels. 

Cell throughput
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Figure 3 Cell throughput PEDA3, ISD 2800m
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Figure 4 Cell throughput VA30, ISD 2800m


Figures 3 and 4 show cell throughput for both PedA3 and VehA30 channels. The results indicate roughly from 7 to close to 50 % gain over the baseline depending on the channel model and load of the system. Generally speaking higher the load, higher the gain in terms of cell throughput.
Mean user throughput
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Figure 5 Mean user throughput PEDA3, ISD 2800m
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Figure 6 Mean user throughput VA30, ISD 2800m


Figures 5 and 6 illustrate the mean user throughputs. Mean user throughputs follow the same trends as the cell throughput figures in terms of CL gain over baseline.
10%-ile user throughput
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Figure 7 10th percentile throughput PEDA3 ISD 2800m
	[image: image17.png]Throughput [kbps]

Avg. 10tile user throughput, VEHA30, ISD 2800 m, RAKE

400

I Bascline
I precoded

350

300

250

200

150

100

50

0.25 UEs 0.50 UEs 1 UE 2 UEs 4 UEs 10 UEs




Figure 8 10th percentile throughput VA30 ISD 2800m


Figures 7 and 8 show the 10th percentile throughput bars for both PA3 and VA30. The relative gain is higher for 10th percentile users than the average numbers indicated above. The gain over baseline ranges from roughly 11 % to close to 80% depending on the case. Similarly to cell throughput the gain is highest when the load is highest as then the interference levels increase in addition to the UEs being power limited due to large ISD.
DPCCH Tx power
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Figure 9 Primary DPCCH Tx power, Mean, PEDA3, ISD 2800m
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Figure 10 Primary DPCCH Tx power, Mean, VA30, ISD 2800m
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Figure 11 Combined DPCCH Tx power, PEDA3, 1 UEs/cell, ISD 2800m
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Figure 12 Combined DPCCH Tx power, VA30, 1 UEs/cell, ISD 2800m
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Figure 13 Combined DPCCH Tx power, PEDA3, 10 UEs/cell, ISD 2800m
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Figure 14 Combined DPCCH Tx power, VA30, 10 UEs/cell, ISD 2800m


Average primary DPCCH Tx powers are illustrated in Figures 9 and 10. As those figures show the gain is in order of 3.5 – 4.9 dBs but when linear shift of 3 dBs due to secondary DPCCH is taken into account the overall gain is smaller. Combined DPCCH Tx power CDFs are shown in Figures 11 through 14. The step-wise nature of the DPCCH Tx power CDF figures illustrate that the UEs are often power limited and thus power scaling is necessary. When UE is in power limited situation first the scheduler allocates only lowest bit rates but if the UE ends up in power outage regardless all the channels are scaled down so that the maximum UE transmit power is used. As a consequence all power outages with same data rate result in a same DPCCH transmit power, which is seen as a step in the CDF figure. This phenomenon is not seen in results for 1000m ISD in, which implies that power limitation does not occur as frequently in 1000m case.
Total Tx power
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Figure 15 Total Tx power, Mean, PEDA3, ISD 2800m
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Figure 16 Total Tx power, Mean, VA30, ISD 2800m


RoT
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Figure 17 RoT, Mean, PEDA3, ISD 2800m
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Figure 18 RoT, Mean, VA30, ISD 2800m
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Figure 19 RoT, 90%-ile, PEDA3, ISD 2800m
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Figure 20 RoT, 90%-ile, VA30, ISD 2800m


Figures 17 through 20 show the average and 90%-ile RoTs, respectively. As it can be seen from the figures the RoT levels with CL are on similar level than in baseline.

Conclusion

This contribution shows system level performance of closed loop beamforming when Tx diversity penetration is 100%. When compared to the baseline case without Tx diversity the results with ISD of 2800 m show that there is roughly 7 - 50 % gain over the baseline in terms of cell throughput. In the respect of 10th percentile user throughputs the achievable gain is even higher ranging from roughly 11 % to close to 80 %.
As this contribution assumes that TX diversity penetration is 100% the results can be considered to be somewhat ideal. In real systems the penetration of TX diversity UEs is not likely to be 100% making the overall performance harder to predict.
It should also be noted that these simulations do not take into account several non-idealities, such as:

· Error in SINR estimation

· Filtering of interference and SINR estimates

Thus these simulations clearly represent an upper bound on the performance that might be obtained in a real world environment.
Appendix A: Additional Results

Table 1 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
	429,23
	758,70
	1206,71
	1655,96
	1912,22
	1683,61

	CL Beamforming
	508,28
	894,83
	1490,90
	2132,85
	2531,78
	2507,52

	Gain [%]
	18,42
	17,94
	23,55
	28,80
	32,40
	48,94


Table 2 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
	358,82
	661,34
	1116,50
	1509,42
	1795,79
	1641,99

	CL Beamforming
	385,38
	699,80
	1191,40
	1769,37
	2089,70
	2047,22

	Gain [%]
	7,40
	5,82
	6,71
	17,22
	16,37
	24,68


Table 3 User throughput [kbps], Mean, 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
	1747,56
	1544,47
	1206,70
	828,00
	478,03
	168,37

	CL Beamforming
	2069,41
	1821,63
	1490,90
	1066,42
	632,97
	250,73

	Gain [%]
	18,42
	17,95
	23,55
	28,79
	32,41
	48,92


Table 4 User throughput [kbps], Mean, 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
	1460,92
	1346,31
	1116,49
	754,70
	448,96
	164,19

	CL Beamforming
	1569,05
	1424,61
	1192,07
	885,18
	522,42
	204,71

	Gain [%]
	7,40
	5,82
	6,77
	17,29
	16,36
	24,68


Table 5 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
	262,80
	184,80
	126,32
	72,98
	51,80
	45,60

	CL Beamforming
	390,20
	319,47
	220,80
	109,40
	82,56
	82,00

	Gain [%]
	48,48
	72,87
	74,79
	49,91
	59,38
	79,83


Table 6 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
	333,47
	254,60
	143,40
	82,93
	63,60
	55,33

	CL Beamforming
	372,80
	300,60
	208,20
	115,65
	89,40
	68,73

	Gain [%]
	11,80
	18,07
	45,19
	39,45
	40,57
	24,21


Table 7 Primary DPCCH Tx Power [dB], Mean, 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
	5,10
	6,32
	7,63
	9,03
	9,22
	8,95

	CL Beamforming
	0,22
	1,55
	2,94
	4,40
	4,98
	4,67

	Gain [dB]
	4,87
	4,77
	4,69
	4,64
	4,24
	4,28


Table 8 Primary DPCCH Tx Power [dB], Mean, 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
	3,71
	4,73
	6,31
	7,53
	8,16
	8,02

	CL Beamforming
	0,18
	1,03
	2,43
	3,74
	4,38
	4,44

	Gain [dB]
	3,53
	3,70
	3,88
	3,79
	3,78
	3,58


Table 9 Total Tx Power [dB], Mean, 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
	21,58
	21,41
	21,13
	20,69
	19,74
	18,28

	CL Beamforming
	21,38
	21,38
	20,99
	20,31
	19,54
	17,88

	Gain [dB]
	0,19
	0,04
	0,14
	0,38
	0,20
	0,40


Table 10 Total Tx Power [dB], Mean, 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
	21,65
	21,35
	21,03
	20,34
	19,58
	17,75

	CL Beamforming
	21,56
	21,43
	20,99
	20,44
	19,38
	17,65

	Gain [dB]
	0,10
	-0,08
	0,04
	-0,10
	0,19
	0,10


Appendix B: Simulation Assumptions

Table 11 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 [%]
	2

	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 12 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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