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1 Introduction
The topic of uplink (UL) closed loop transmit diversity (CLTD) for HSPA have been discussed in RAN1 (see [1] to [6]).  These previous contributions have discussed the potential advantages and expected performance of Uplink Closed-Loop Transmit Diversity (UL CLTD) for HSPA. 
This document provides some preliminary system simulation results for UL CLTD for the case of beamforming UEs with full buffer traffic.  Both genie and practical CLTD algorithms are compared with respect to the baseline single-antenna operations.  The results indicate a 10th percentile UE has a data rate gain in the range of 10%-60%, when a practical UL CLTD algorithm is used to control the UL transmission.
2 Simulation setup and studied algorithms

Simulation assumptions

The simulation assumptions and parameters are based on those agreed for the study item work on open loop transmit diversity (see [8]) and are listed in Table 7, in the Appendix.  The simulations were executed with a 95% system noise rise target level of 8 dB. The time duration of each simulation run was 9000 slots (6 seconds), the first 1500 slots (1 second) were used as a warm-up period during which no statistics were gathered. All UEs are assumed to be Category-6 terminals and thus only able to employ QPSK modulation.

Studied Algorithms
The UE transmitter is assumed to have two antennas with precoding, similar to the scheme in [4].  For studying the system level impact of Closed-Loop Beamforming Transmit Diversity (CL-BFTD), both a genie algorithm and a practical algorithm were implemented. As in [7], the signal power fed to the two antennas is always identical, i.e. [image: image2.png]


. More specifically the weight vector belongs to a codebook [image: image4.png]w, = 1/y2
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 is the relative phase difference.
Genie Algorithm

For the Genie Algorithm, a single precoded pilot is transmitted by the UE.  Every time slot the UE’s serving NodeB selects the weight vector [image: image10.png]
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, where [image: image14.png]


 is the instantaneous channel to the UE's serving sector. The UE then applies the selected weights at its transmitter in the same time slot.
Practical Algorithm and Parameters
For the Practical Algorithm, two precoded pilots are transmitted by the UE as in [4]. 
· The primary weight vector is applied to the primary DPCCH (DPCCH1), E-DPCCH, HS-DPCCH and E-DPDCH, and the orthogonal secondary weight vector is applied only to the secondary DPCCH (DPCCH2), which is transmitted at -3 dB relative to DPCCH1. 
· The codebook used is quantized and has a size of 4, where the set of candidate phase weights is [image: image16.png]¢ ={m/4, 3n/4, 5n/4, Tn/4).
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· Every 2 slots before a UE begins a new TTI, the UE’s serving NodeB selects the primary weight vector that maximizes the composite channel gain from the UE to its serving cell. 

· A 4% random transmission error rate is assumed from the NodeB to the UE for weight vector signalling; weight update errors are unknown to the serving NodeB and the channel estimate is corrupted accordingly. The updated weight vectors are applied every 3 slots, at the beginning of the UE E-DPDCH subframe. 
3 Results for a PA3 channel, 2D Antenna
Results for a PA3 channel, 2D antennas and 0 dB long-term antenna imbalance

Figure 7
, Figure 8, and Figure 9 show the average user data rates as a function of cell throughput, the 95th percentile noise rise and average noise rise as a function of the number of UE per cell, respectively.  As it can be noted from Figure 7, the practical CL-BFTD algorithm provides system-level gain close to that of the genie BFTD.  Figure 8 and Figure 9 further show that these gains are obtained under similar noise rise conditions for all scenarios except when there are 10 users per cell. Note that in that case, one can expect throughput gains to be greater since as shown in Figure 9, the average noise rise for the CLTD algorithms is approximately 0.3 dB higher.
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Figure 7: Average user data rates as a function of the cell throughput for a PA3 channel when the long-term antenna imbalance is 0dB.
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Figure 8: 95th percentile noise rise as a function of the average number of users for a PA3 channel when the long-term antenna imbalance is 0dB.
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Figure 9: Average noise rise as a function of the average number of users per cell for a PA3 channel when the long-term antenna imbalance is 0 dB.

Table 7, Table 8, and Table 9 summarize the results for average user data rate, 10th percentile user data rate and average UE transmit power, respectively.  Focusing on the practical BFTD scheme, it is observed that average system-level throughput gains in the order of 2%-26% can be observed depending on the cell load.  Similar average gains were also observed in [7] for the genie algorithm.  The 10th percentile gains are in the range of 10%-40%, with the exception of the heavily loaded scenario where even higher gains are observed, which may be partly due elevated noise rise levels. Lastly, UE transmit power reduction in the range of 1 dB-2 dB have been measured.

Table 7: Summary of the average user data rates for the studied UE densities for the different algorithms when the long-term antenna imbalance is 0 dB and a PA3 channel is assumed. 

	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	2110
	1804
	1218
	707
	377
	135

	Genie [kbps]
	2168
	1929
	1363
	813
	451
	170

	Practical [kbps]
	2152
	1912
	1341
	798
	441
	162

	Relative gain from genie [%]
	2.8
	7.0
	11.9
	15.0
	19.9
	25.8

	Relative gain from practical [%]
	2.0
	6.0
	10.1
	12.8
	17.1
	19.5


Table 8: Summary of the 10th percentile user data rates for the studied UE densities for the different algorithms when the long-term antenna imbalance is 0dB and a PA3 channel is assumed. 

	
	Average number of UEs per cell

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [kbps]
	1323
	1090
	542
	276
	139
	46

	Genie [kbps]
	1521
	1249
	653
	352
	210
	82

	Practical [kbps]
	1467
	1217
	648
	347
	197
	74

	Relative gain from genie [%]
	15.0
	14.5
	20.5
	27.3
	50.8
	80.0

	Relative gain from practical [%]
	10.9
	11.6
	19.6
	25.6
	41.7
	61.8


Table 9: Summary of the average transmit power for the studied UE densities for a PA3 channel when the long-term antenna imbalance is 0 dB. 

	
	Average UE transmit power

	
	0.25
	0.5
	1
	2
	4
	10

	Reference [dBm]
	7.28
	7.17
	5.60
	2.83
	1.09
	-3.05

	Genie [dBm]
	4.95
	5.03
	3.71
	1.19
	-0.48
	-4.18

	Practical [dBm]
	5.21
	5.28
	3.92
	1.43
	-0.23
	-3.99

	Relative gain from genie [dB]
	2.33
	2.14
	1.89
	1.64
	1.57
	1.13

	Relative gain from practical [dB]
	2.07
	1.90
	1.68
	1.40
	1.32
	0.93


4 Conclusions
In this contribution we have provided some preliminary system simulation results for UL CLTD for HSPA.  For the case of BFTD there are significant gains for the practical algorithm case of which shows a UL Tx power reduction of in the range of 1dB to 2dB and an increase of 10th percentile user throughput in the range of 10%-60% for most cell load levels.  
These results indicate that there are significant potential system performance advantages for UL CLTD.  However, we feel that additional study should be done to fully assess UL CLTD for HSPA.  Therefore we support the idea of having a RAN1 study item to continue this work. 
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6 Appendix

Table 10: Simulation assumptions
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

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

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

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

	NodeB Antenna pattern
	3GPP ant: 
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	Channel Model
	PA3 

	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

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Additional Demodulation Loss caused by CLTD algorithms
	None

	UL TPC Generation
	Based on 1 slot non-ideal measured SIR of the intended UE

	Uplink HARQ
	2 ms TTI, Max # of transmission =4, Target BLER = 1 %

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (see note 1)
	0, -4

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

µ = 0

σ = 2.25

	E-DCH Scheduling Delays
	Period
	4ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	0

	Scheduling Type
	Rate fair

	Practical CL-BFTD Weight Update
	Period
	3 slots

	
	Delay
	2 slots

	
	Error Rate [%]
	4

	
	Channel Estimation
	Realistic (3 slot filtering)

	NOTE 1:
The long term antenna imbalance is fixed for all the UE's in a particular simulation.

NOTE 2:
The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.
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