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1. INTRODUCTION 

The received uplink signal at the node B consists of possibly multiple data and control channels intended for the node B, 
interference from signals intended for other node B’s, and additive thermal noise.  Due to asynchronism in the timing of uplink 
channels, interference from channels other than the desired may not begin until the desired signal has begun transmission.  As 
a result, the signal-t o-interfence-plus-noise (SINR) may change dramatically across a channel’s TTI.  This contribution studies 
the modeling of this scenario with regard to link error prediction.  Two methods of link error prediction are studied.  These are 
the short-term frame erasure method described in [1] and the Equivalent SNR method based on convex metric (ECM) [2].  
Each method is evaluated for a simple scenario where a single interferer begins transmission part way through the tranmssion 
of a desired E-DCH.  The predicted block error rate is calculated and compared with simulated results. 

2. ASYNCHRONOUS TRANSMISSION 

Fig. 1 illustrates the reception of an E-DCH with TTI fT  along with an interfering signal (e.g. an additional E-DCH) which 

begins its transmission ( )1 fTα−  seconds after that of the desired.  In addition, additive thermal noise with two-sided spectral 

density 0 / 2N  is also present.  The desired signal has chip energy cE and the interfering signal has two-sided spectral density 

/ 2I .  The rest of the cont ribution addresses the question: How well do these techniques predict link errors under these 
asynchronous interference conditions? 

 

3. SHORT-TERM FRAME ERASURE METHOD 

In the short-term frame erasure method, symbol SINRs are averaged across the slots of a transmission and the result used to 
index into a BLER vs. SINR curve.  For asynchronous transmissions, this approach may be described as follows.  Let ( )cE m  

be the chip energy during the mth slot and let the interference during the m th slot be ( )I m .  The average bit-energy to 

interference plus noise ratio, /b tE N , is then  
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Where GP  is the processing gain and M  is the number of slots in the TTI.  For the signal model shown in Fig. 1 we have, 

assuming fTα  is equal to an integer number of slot periods, sT : 
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and ( )c cE m E= , 1 m M≤ ≤ .  In this case  /b tE N  reduces to  
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AWGN simulations were conducted for α ranging from 0 to 0.73 , 64 kbps data rate,  10 ms TTI, and 0/ 2I N dB= , i.e. 2 dB 

noise rise.  For each value of α , 10,000 Monte Carlo runs were performed at a set of /b oE N  values.  During each run, a 



quadr ature PN sequence generated by i.i.d +/- 1 random variables was injected beginning at time ( )1 ft Tα= − .  After 

completion of the Monte Carlo runs, the BLER was recorded and the corresponding  set of /b tE N ’s calculated according to 
(1).  This was process was then repeated for each value of α .  The results are shown in Fig. 2.   Note that  0α = implies no 
interference and therefore the corresponding curve is just the BLER vs. /b tE N  curve obtained by simulation in an AWGN 

channel.  It can be seen that calculation of /b tE N  according to (1)  and use of the AWGN ( 0α = ) curve results in errors of 
less than about 0.1 dB. 

4. ECM METHOD 

In the ECM metric, a channel capacity is calculated for each slot based on the symbol signal-to-noise-plus-interference ratio 
for that slot, ( )/s t m

E N .  The channel capacity is averaged over all slots in the TTI and the inverse of the channel capacity 

function is used to obtain an “effective”  symbol SINR, ˆ /s tE N , which is then converted to an “effective” bit SINR, ˆ /b tE N .  

This quantity, along with the effective code rate, is then used to index a plot of AWGN BLER vs. /b tE N   to obtain an 
estimated erasure rate.   

This procedure may be expressed in mathematical form as follows.  Let ( )Bf  be the binary channel capacity described in [2]. 

The channel capacity for the m th slot is ( ) s
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 where Q  is an adjustment factor.  The average capacity across 

the frame is then  
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The effective symbol SINR is then  
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and therefore the effective bit SINR is  
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where FS  is the spreading factor. 

 

For the case of an asynchronous interferer, we have  

 
( )

( )

0

0

1

1

f c f

ss

f c ft m

s

S E T
m

N TE
S E TN

m
N I T

α

α


< −

  
=  

   ≥ − +

. 

The binary channel capcity is then  
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and the SINR is then  
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The same simulations runs used in Section 2 were used to determine the accuracy of the ECM method with asynchronous 
interference.  The results are shown in Fig. 4.  For each value ofα , the BLER was plotted versus 0/bE N  (not /b tE N ) giving 
the set of solid lines.  Note that as α  increases, the interference begins earlier in the frame and the BLER becomes worse.  



Also for eachα , a predicted BLER was calculated (dashed lines).  The predicted BLER was obtained by plugging in α into  

(2)  and using (3)  to obtain 
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.  The AWGN curve was then evaluated at this point to obtain the predicted BLER.  The 

predictetd BLERs are seen to be within about 0.25 dB of actual with the largest difference occurring at 0.47α = . 

5. CONCLUSION 

This contribution studied the accuracy of the short -term FER and ECM methods of link ereasure prediction for the case when 
an interfering signal begins transmission part way through the desired transmission.  A relatively large interferer, 
corresponding to a noise rise of about 2 dB, was simulated in an AWGN channel for several values of desired/undesired 
overlap.  The short-term FER method produced BLER estimates that were within 0.1 dB of the actual simulated value while 
the  ECM method’s estimates were within about 0.25 dB.  
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Table 1. Simulation Parameters  

 

Simulation Parameter Value 

Data Rate 64 kbps 
No. of PCG slots/frame 15 

No. of chips/second 3.84 Mcps 
TTI 10 ms 

Modulation BPSK 

Channels  AWGN 

No. of antennas  2 
No. of fingers 2 

Receiver  Rake 
Sampling Rate 1X 
Inner-Loop PC OFF  

Outer-Loop PC OFF 
 

Pilot/TFCI/FBI/TPC 6/2/0/2 
Base Turbo Code R=1/3, K=4, 8 iterations 

Q 1 
Spreading Factor 4 

Channel Estimation Ideal 
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Figure 1: Asynchronous interference   
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Figure 2: BLER vs. Eb/Nt   
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Figure 3: Actual vs. predicted BLER for the ECM method.  
 

 


