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Effect of fudge factors in computing capacity of HSDPA

1.0 Introduction

The quasi-static method was used in the dynamic system simulations for HSDPA as described in [1].  This method is pretty accurate at low values of vehicular speeds, fixed TTI length and no change in MCS levels between re-transmissions.  However, this method can also work accurately for higher values of vehicular speeds, variable TTI and for change in MCS levels between re-transmissions with the inclusion of proper fudge factors into the Eb/Nt calculation.  These fudge factors appear in the form of puncturing penalty, Doppler penalty and de-mapping penalty.  This contribution points out the fact that proper computation of these fudge factors are essential for evaluating the capacity of a HSDPA system.  Inaccuracy in the fudge factors may increase or decrease the projected capacity by as much as (+-) 3-4dB. 

2.0  Quasi-Static method for Eb/Nt Computation

The aggregate Es/Nt, denoted 
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where 

1. N equals the number of information bits.

2. 
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N

equals the number of modulation symbols transmitted in slot j.

3. n is the number of slots over which the transmission occurs. This includes both the original transmission, and retransmissions, if any. For example, if the duration of the original transmission is 4 slots, and that of the retransmission is 2 slots, then n=6.

4. 
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is the SNR per modulation symbol for slot j. We point out that these terms are not in dB.
5. Note that 
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=Eb/No because N equals the number of information bits.

Note that 
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is the Es/Nt observed after Rayleigh (or Jakes) fading.

An Eb/No vs FER curve for an AWGN (static) channel is created using link level simulation for each modulation and coding scheme (MCS). Sampling Es/Nt points every slot over a frame creates a frame metric as per Equation 1.1.  Each frame metric is then used with the appropriate static curve to determine if the frame is erased.
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where the function f( ) represents the mapping of the 
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 through the appropriate static (AWGN) curve to determine an instantaneous FER in the range from 0 to 1.  A uniform random variable (urv) is then selected to determine if the represented frame for frame interval k is erased or not.  However, to make the quasi static approach to work over a range of MCS levels, vehicle speeds and for IR schemes several fudge factors in the form of penalties needs to be added to the short term Eb/Nt.  The definition of the fudge factors are as follows: 

Puncturing Penalty (Pp): For a code with effective coding rate 1/M, where 1/M > 1/3, and modulation m, the puncturing penalty is defined to be the additional Eb/No (in dB) required (with respect to the base 1/3 turbo code) to achieve a certain BLER (e.g 0.01) over an AWGN channel.

Doppler Penalty (Dp):  The Doppler penalty is defined to be the additional Eb/No (in dB) required due to Doppler for effective code rate 1/M in the quasi-static approach.  The value of Dp is zero for low Doppler values (<10 Hz).

Demapping Penalty (DMp): Demapping penalties are functions of modulation being used.  Demapping penalties are applicable when the MCS is changed between re-transmissions as in an A2IR scheme.  The aggregate Eb/No computation for schemes where the MCS level is changed between re-transmissions is computed based on base R=1/3 code using QPSK modulation.  As such, de-mapping penalties are required to map the Eb/No for higher order modulation to the base QPSK modulation. 

3.0 Simulating a fixed TTI system with Chase combining

In simulating these class of schemes, AWGN curves are generated for each MCS level.  As an example if there are 7 MCS level, 7 AWGN curves are required in the system simulator.  The Doppler penalty (Dp) is then subtracted from the effective Eb/No and the resultant Eb/No is used with the appropriate AWGN curve to determine whether a frame is erased or not.  It may be noted that for Chase combining the effective coding rate (defined below) remains unchanged .  Further, there is no need to apply the demapping penalties since the MCS is not changed between re-transmissions.  
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where Ni = Total number of information bits and Np = Total number of unique parity bits received so far

4.0 Simulating a variable TTI system with Incremental Redundancy (A2IR)

In these class of schemes (e.g. A2IR) the TTI length and MCS level can be changed between re-transmissions.  As an example, consider the scenario wherein, for the initial transmission a sub-packet using 3840 encoder packet size using QPSK modulation with code rate of 0.178571 distributed over 8 slots is transmitted.  If the sub-packet is received in error, the re-transmission may use a sub-packet which may also use a 3840 encoder packet size but using 16QAM modulation with R=0.714286 code transmitted over one slot.  

To account for the change in modulation and code rate with each re-transmission the following methodology may be followed when doing the system simulations for A2IR.

Preparing for the system simulations:

1. The FER vs. Eb/N0 curve for a base R=1/3 turbo code using QPSK modulation over an AWGN channel is used in the system simulator. 

2. The puncturing penalty (Pp) for different effective coding rate (R=0.33, 0.67 etc) is then computed with respect to the base R=1/3 code rate using QPSK modulation.

3. The Doppler penalty (Dp) is then calculated for different channel models, vehicle speeds and code rates with respect to QPSK modulation.

4. The demapping penalties (DMp) are computed for 8 PSK and 16QAM modulation for different SNR ranges.

5. All the above penalties Pp, Dp and DMp are stored in the memory.

While running the system simulations:

6. In the system simulator the Eb/No is computed for the target UE.  The effective (Eb/N0) 1 is given by (Eb/N0)1-Pp-Dp.  

7. The effective (Eb/N0)1 is then used in conjunction with the base R=1/3 code for QPSK modulation to decide whether the frame is erased or not.

8. In case of re-transmission using a different modulation scheme, the (Eb/N0)2 computed for that transmission is scaled by the de-mapping penalty(DMp for that modulation before being accumulated.  The puncturing penalty is then computed from the effective code rate (based on the original transmission and re-transmission)
.  The effective (Eb/Nt)2 for that transmission is then given by (Eb/N0)1+((Eb/No)2/DMp )-Pp-Dp).

The effective (Eb/N0)2  is then used in conjunction with the base R=1/3 code for QPSK modulation to decide whether the frame is erased or not.  It is clear from the above procedure that the computation of the capacity (e.g. sector throughput) is dependent upon the proper computation of the above three penalties.  

Figure 1 shows the FER vs. Eb/Nt curve for the actual and quasi-static approach for R=1/4 and R=3/4 code for Doppler of 100 Hz.  It may be observed from the figure that with R=1/4 code using Pp=0.2 and Dp=0.6, the quasi-static approach and the actual simulation are identical.  However, for R=3/4 code if one uses a Dp=0.6 instead of Dp=3.0 the quasi-static approach is approximately 2dB better than the actual long term faded curves.  

 In a similar way, the demapping penalties have to be computed correctly to take into account different modulation schemes. Figure 2 shows the effect of demapping penalties on quasi static performance for R=1/5 code at 120 kmph with a Doppler penalty of 0.3dB.  It may be noted that using the wrong demapping penalty shifts the quasi-static curve to the left of the actual long time faded curve thus making the calculated throughput optimistic.
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Figure 1.  Effect of Doppler penalties on quasi-static performance
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Figure 2.  Effect of demapping penalties on quasi static performance

Table 1 shows the puncturing penalty for R=3/4 code with respect to base R=1/5 code for QPSK and 16-QAM modulation.  It may be observed that the puncturing penalties depend on the type of modulation and code rate used.  In case of re-transmissions using different modulation schemes as in the case of A2IR, it is not clear which puncturing penalties need to be chosen corresponding to the effective code rate.

Table 1.  Puncturing penalties with respect to base R=1/5 TC
	Block Size
	Puncturing Penalty (QPSK, R=3/4)
	Puncturing Penalty (16QAM, R=3/4)

	1536
	2.3 dB
	3.7dB


5.0 Conclusions

The computation of the puncturing, Doppler and demapping penalties are crucial in computing the capacity of an HSDPA system where the TTI and the MCS changes between retransmissions.  If the penalties are optimistic the throughput of the system will be higher while pessimistic penalties will make the throughput lower.  Since the capacity of the system can be tuned based on these penalties, the results in [3]-[5] although interesting, are of little value.  As such, it is recommended that the A2IR class of schemes be studied in detail in the future. 
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� If the first and second transmission uses payload code symbol size of X1 and X2 and the encoder packet size is Ep, the effective code rate at the end of 2nd transmission is Ep/(X1+X2).  If the effective code rate is below 0.2, it should be considered as 0.2.
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