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1 Introduction 
Link level simulation results are presented herein for HSPA uplink transmit diversity. The 

simulations cover the cases of non-diversity, genie switched antenna diversity (TX1a), and genie 
beam-forming diversity (TX2a) based on the agreed simulation assumptions [1, 2]. 

In this document, we also proposed a “more” practical beam-forming algorithm for the 
simulation and presented the simulation results for the proposed beam-forming algorithm. This 
proposed algorithm’s performance exceeds the ones presented in other contributions related to 
beam-forming previously described in [3]. 

 

2 The proposed practical beam-forming algorithm  
We use the reference transmitters defined in [1] except of the practical beam-forming 

algorithm for the link-level simulations. Followings describe the proposed “practical beam-
forming algorithm”. 

Assuming that TPC command DOWN is represented by -1 and TPC command UP by +1.  

1. Initial relative phase between two transmitters, ∆φ = -δ/2, for the first slot 
2. Apply relative phase for next slot, ∆φ = ∆φ + δ 
3. Apply relative phase for next slot, ∆φ = ∆φ – δ 
4. Determine new relative phase: 

a. if TPC1 > TPC2, ∆φ = ∆φ + ε 
b. if TPC2 > TPC1, ∆φ = ∆φ – ε 
c. otherwise, no change 

Go to step 2. 



3 Link-level simulation parameters and metrics  
We used the following parameters for the link-level simulation. 
 

Parameter Value 
Physical Channels E-DPDCH, E-DPCCH, DPCCH 
E-DCH TTI [ms] 2 
Modulation QPSK 
TBS [bits] 2ms TTI: 2020 
Number of physical data channels 
and spreading factor 

2ms TTI TBS2020: 2xSF2 
 

20*log10(βed/βc) [dB] 2ms TTI TBS2020: 9 
20*log10(βec/βc) [dB] 2ms TTI: 2 
20*log10(βhs/βc) [dB] 2  
Number of H-ARQ Processes 2ms TTI: 8 
Target Number of H-ARQ 
Transmissions 

2ms TTI: 4 
 

Residual BLER 1% 
Number of Rx Antennas 2 
Channel Encoder 3GPP Release 6 Turbo Encoder 
Turbo Decoder Max Log MAP 
Number of iterations for turbo 
decoder 

8 

DPCCH Slot Format 1 (8 Pilot, 2 TPC) 
Channel Estimation Realistic – 3 slot  and 1 slot filtering 
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 AWGN, PA3, VA30 
NodeB Receiver Type Rake Receiver 
Antenna imbalance [dB] +3, 0, -3 
UE Tx Antenna Correlation 0 
UE Rx Antenna Correlation 0 
UE DTX OFF 

 



 

4 Results 
Table 1 summarizes the gains on Tx Ec/No and Rx Ec/No for the proposed practical beam-

forming algorithm.  

Table 1: Gains from the proposed practical beam-forming algorithm with zero Tx/Rx antenna 
correlation 

Antenna Imbalance 
(dB) 

Propagation 
Channel 

Gain on Tx Ec/No 
(dB) 

Gain on Rx Ec/No  
(dB) 

 Filtering 1-slot 3-slot 1-slot 3-slot 

0 AWGN 2.58 2.24 -0.15 -0.48 

0 PA3 2.82 2.70 -0.08 -0.16 

0 VA30 0.18 -0.11 -0.03 -0.36 

+3 PA3 4.37 4.24 -0.02 -0.09 

-3 PA3 1.27 1.27 -0.06 -0.05 

Average of (+3, -3) PA3 3.09 3.00 -0.04 -0.07 
 

Note that the 3-slot equal-weight averaging may not be the optimal filtering for high speed 
(e.g., VA30) UE. Hence, we also provide the data for 1-slot filtering. In addition, we believe that 
the antenna imbalance may change not only when call location changes, but also during a call. 
Therefore, it may be more statistically informative to present the averaged numbers, so those are 
also included in the Table. 

Table 2: summarizes the gains on Tx Ec/No and Rx Ec/No for the genie beam-forming 
algorithm. 

Table 2  Gains from the genie beam-forming algorithm with zero Tx /Rx antenna correlation 
Antenna Imbalance 
(dB) 

Propagation 
Channel 

Gain on Tx Ec/No 
(dB) 

Gain on Rx Ec/No  
(dB) 

 Filtering 1-slot 3-slot 1-slot 3-slot 

0 AWGN 2.97 3.14 -0.03 0.13 

0 PA3 3.63 3.68 -0.05 0.05 

0 VA30 1.78 1.41 0.24 -0.21 

+3 PA3 5.31 5.21 0.03 -0.02 

-3 PA3 2.30 2.31 0.02 0.05 

Average of (+3, -3) PA3 4.06 4.00 0.02 0.02 



 
 

Table 3: summarizes the gains on Tx Ec/No and Rx Ec/No for the genie switched antenna 
diversity algorithm. 

Table 3  Gains from the genie switched antenna diversity algorithm with zero Tx/ Rx antenna 
correlation 

Antenna 
Imbalance (dB) 

Propagation 
Channel 

Gain on Tx Ec/No 
(dB) 

Gain on Rx Ec/No  
(dB) 

 Filtering 1-slot 3-slot 1-slot 3-slot 

0 AWGN -0.18 -0.03 -0.17 -0.03 

0 PA3 2.63 2.46 -0.12 -0.21 

0 VA30 0.04 0.09 -0.19 -0.20 
 
 

5 Conclusion 
With the proposed practical beam-forming algorithm, the link level simulations presented here 

are higher than those reported in [4, 5, 6, 7]. For PA3, the gains are between 2.7dB to 3.0 dB if 
antenna pattern impact is averaged in the recommend herein. For VA 30, the practical beam-
forming algorithm shows virtually no gain (however our next submission with non-zero 
correlations will result in better performance.). 
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