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1. SUMMARY AND RECOMMENDATION 

We provide additional results to [1-3], examining the performance with long outer coding 
spans (640 and 1280 ms) and at higher speeds. We observe: 

• On the order of 1 dB gain over existing interleaving is possible in realistic multipath 
channels at slow speed when long inner TTIs are used with single antenna 
transmission. 
-In a 3 kmph Vehicular A channel at 64 kbps and 1% BLER, the outer code has about 
0.3 dB gain over  80 ms interleaving  when a 40 ms inner code is used.   
-It out performs 80 ms interleaving by 1.1 dB when an inner code TTI of 80 ms 
(requiring at least 1.28 seconds of delay) is used.  

• The outer code can degrade performance over existing interleaving at vehicular 
speeds. We observe losses over 1 dB for speeds of 30 kmph or more for small inner 
TTIs. 
-In a 30 kmph Vehicular A channel at 64 kpbs and 1% BLER, the outer code degrades 
performance relative to 80 ms interleaving by 0.4 to 1.2 dB, with the greater loss on 
the shorter inner code TTI lengths.   
-At 120 kmph, the degradation is 0.8 to 1.3 dB. 

 
Based on these results and RAN1 discussions to date, we would then comment: 

• Outer coding is a relatively simple approach, requiring modest amounts of 
computation and memory. 

• It is compatible with existing physical layer functionality.  
• The outer code can degrade performance. For example, the degradation in vehicular 

conditions can be as much or more than the gains observed at pedestrian speeds. 
• Outer coding is not suitable for delay intolerant or interactive services. 
• Other implementations of the outer code have not yet been examined in RAN1. 
• Alternate capacity enhancements possible with existing L1 functionality have been 

proposed, but their merit relative to outer coding has not yet been agreed. 
• It is not clear what time to market advantages outer coding has over physical layer 

based enhancements.  In either case, performance tests would be needed to guarantee 
gains to an operator. 

• The results discussed so far in RAN1 are applicable to streaming services.  Benefits of 
the outer code for applications such as store and play have yet to be addressed. 

• The improvements in cell reselection the outer code may provide have not been agreed 
in RAN1, so this should not be used as a basis for deciding on the outer code. 

 
In summary: 
We feel that the gains seen so far from the outer code under conditions of interest do not 
strongly recommend the technique for standardization.  Further, a RAN1 conclusion on the 
merit of outer coding in general seems premature, since various outer coding aspects, services 
other than streaming, and alternate outer coding techniques have not yet been examined. 
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2. SIMULATION RESULTS 

The outer code structure proposed in [4] was simulated with the parameters below.  Note that 
ideal channel estimation is used for simplicity and to ease the comparison of results.   The 
performance of the outer code relative to interleaving is not expected to vary significantly 
when channel estimation is used. 

Table 1: Simulation Parameters 
Parameters Value 
Information Rate 64.2 kb/s 
Spreading Factor 32 
Channel Condition Vehicular A 
UE Speed 3, 30, 120 kmph 
TTI Length 20, 40, 80 ms 
Outer Coding RS (16,12) 
RS symbol size 8 bits 
Geometry -3 dB 
Channel Estimation Ideal 
Turbo Decoder Max Log MAP 

 

Figures 1-3 show the performance of the outer code scheme at various inner TTI sizes and UE 
velocities.  The approximate 1% BLER allocation requirements are summarized in tables 3-5.   

Table 1 below summarizes the gain over 80 ms interleaving without the outer code.  At 3 
kmph, the outer code outperforms 80 ms interleaving by 0.3 to 1.1 dB when the inner TTI is 
40 ms or more, although there is a loss of 0.6 dB for 20 ms inner TTI.  There is a loss at 
vehicular speeds over 80 ms interleaving of 0.4 to 1.2 dB at 30 kmph, and by 0.8 to 1.3 dB at 
120 kmph.  

 

Table 2: Outer Code Gain over 80ms interleaving, Vehicular A Channel 
Inner TTI Size (ms) 20 40 80 

Gain at 3 kmph (dB) -0.6  0.3 1.1 
Gain at 30 kmph (dB) -1.2 Not Tested -0.4 

Gain at 120 kmph (dB) -1.3 Not Tested -0.8 
 
 

Table 3: Performance at 3 kmph in Vehicular A 
TTI Size (ms) 20 40 80 

Ec/Ior at 1% FER (dB), Without Outer Coding -6.2 -7.0 -7.7 
Ec/Ior at 1% FER (dB) With Outer Coding  -7.1 -8.0 -8.8 
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FER vs. Ec/Ior: 3kmph
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Figure 1. Performance with and without outer code: 3 kmph 

 

Table 4: Performance at 30 kmph in Vehicular A 
TTI Size (ms) 20 80 

Ec/Ior at 1% FER (dB) Without Outer Coding -9.2 -10.9 
Ec/Ior at 1% FER (dB) With Outer Coding -9.7 -10.5 

 

FER vs. Ec/Ior: 30 km/h
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Figure 2. Performance with and without outer code: 30 kmph 
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Table 5: Performance at 120 kmph in Vehicular A 
TTI Size (ms) 20 80 

Ec/Ior at 1% FER (dB) Without Outer Coding -10.6 -11.6 
Ec/Ior at 1% FER (dB) With Outer Coding -10.3 -10.8 

FER vs Ec/Ior: 120 km/h
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Figure 3. Performance with and without outer code: 120 kmph 
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