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1. Introduction

To accurately model frame erasures for uplink in a dynamic system simulator quasi-static method based on either AWGN curves or short-term frame erasure curves [1] can be used.  In [3], a method known as Equivalent SNR method based on convex metric (ECM) was presented which can predict the FER over a broad range of target FER based on a new metric.  In [4], it was shown the ECM method could produce single transmission performance curves that are very close to actual short-term frame erasure curves for multipath channels.  In this contribution, it is shown that the ECM method also works well for multiple transmissions with H-ARQ.  

2. description of ecm Metod WITH HARQ 

ECM method:

The ECM method was presented in [3] and is reproduced here.

The steps in the ECM method are summarized as follows:
1. Compute the equivalent (Es/Nt)m per m-th slot.

2. Compute 
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 for BPSK, 
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 for QPSK and 
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 for 8-PSK modulation. The parameter Q is a scaling factor obtained from running link level simulation.
3. Compute function J() using the following approximation:
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where 
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for the first approximation, and where 
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for the second approximation.

4. The average Cm is then calculated by averaging over the TTI as per the following
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where k = 1,2 and 3 for BPSK, QPSK and 8-PSK modulation, respectively.

5. The equivalent Eb/Nt is then given by
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for the first approximation, and where 
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for the second approximation.  The FER is then obtained by applying the Eb/Nt to an AWGN reference curve. 

6. For Chase combining, the equivalent Es/Nt is summed over the total number of transmissions.  Lets define 
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 as the signal component and noise component of k-th transmission on i-th slot. Then, 
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where K is total number of transmissions. For incremental redundancy, we apply ECM method as if there is a single transmission of non-overlapping
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where each transmission has h(k) number of slots.  The reference channel code rate is the effective code rate after all K transmissions. If there are overlapping symbols, we apply the Chase combining metric for that overlapping portion.

3. Simulation results

The short term and ECM FER curves were generated as per the parameters shown in Table 1.  For incremental redundancy, coded bits were selected for transmission according to predefined puncturing patterns.  All transmissions use the same modulation and coding level.

Table 1. Simulation Parameters

	Simulation Parameter
	Value

	No. of PCG slots/frame
	15

	No. of chips/second
	3.84 Mcps

	TTI
	2 ms

	Modulation
	BPSK

	Channels
	Ped-A, Ped-B and Veh-A

	No. of antennas
	2

	No. of fingers
	1-Ped-A and 5-Ped-B, 4-Veh-A

	Lock filter 
	Yes

	Receiver
	Rake

	Sampling Rate
	1X

	Inner-Loop PC
	ON 

	Outer-Loop PC
	OFF



	Power Control Metric
	Ideal

	PC delay and error
	1 slot, 4%

	PC step size
	1 dB

	Pilot/TFCI/FBI/TPC
	6/2/0/2

	Base Turbo Code
	R=1/3, K=4, 8 iterations
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Figure 1.  Comparison of actual short-term and ECM generated curves – 192 kbps, R=0.4, BPSK, TTI=2ms, SF=8, ideal channel estimation, Q=1.0 for PA3, PB3, Q=2.0 for VA30, VA120.
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Figure 2.  Comparison of actual short-term and ECM generated curves – 192 kbps, R=0.4, BPSK, TTI=2ms, SF=8, ideal channel estimation, Q=1.0 for PA3, PB3, Q=2.0 for VA30, VA120, Chase combining (2 transmissions).
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Figure 3.  Comparison of actual short-term and ECM generated curves – 192 kbps, R=0.4, BPSK, TTI=2ms, SF=8, ideal channel estimation, Q=1.0 for PB3, Q=2.0 for VA120, Chase combining (4 transmissions).
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Figure 4.  Comparison of actual short-term and ECM generated curves – 192 kbps, R=0.4, BPSK, TTI=2ms, SF=8, ideal channel estimation, Q=1.0 for PA3, PB3, Q=2.0 for VA30, VA120, incremental redundancy (2 transmissions).
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Figure 5.  Comparison of actual short-term and ECM generated curves – 192 kbps, R=0.4, BPSK, TTI=2ms, SF=8, ideal channel estimation, Q=1.0 for PB3, Q=1.0 for VA120, incremental redundancy (4 transmissions).

Figure 1 to Figure 5 compare performance of the ECM approach to the short-term approach for several channel models and number of transmissions.  Figure 1 shows performance for a single transmission under Ped-A at 3 km/h, (PA3), Ped-B at 3 km/h (PB3), Veh-A at 30 km/h (VA30), and Veh-A at 120 km/h (VA120).  As in [4], it is shown that the ECM method can produce performance curves that are very close to actual short- curves.  Figure 2 and Figure 3 illustrate performance of Chase combining with two and four transmissions, respectively.  From the figures, it is seen that, with Chase combining, the required Eb/Nt to achieve a particular short-term FER is reduced, especially at higher speeds.  Also note that the Q factors for single transmission (Q=1.0 for PA3, PB3, Q=2.0 for VA30, VA120) remain valid even with multiple transmissions.   Similarly, Figure 4 and Figure 5 illustrate performance of incremental redundancy with two and four transmissions.  Performance with incremental redundancy is slightly better (0.2 – 0.4 dB) than with Chase combining due to coding gain.  As with Chase combining, the required Eb/Nt to achieve a particular short-term FER is reduced with retransmissions, especially at higher speeds.  In this case, however, the Q factor for VA120 reduces from 2.0 with one and two transmissions, to 1.0 with four transmissions.  Table 2 summarizes the Q factor obtained from simulation results for the scenarios considered. 

	Channel
	1 Trans
	Chase
	IR

	
	
	2 Trans
	4 Trans
	2 Trans
	4 Trans

	Ped-A 3 km/h
	1.0
	1.0
	1.0
	1.0
	1.0

	Ped-B 3 km/h
	1.0
	1.0
	1.0
	1.0
	1.0

	Veh-A 30 km/h
	2.0
	2.0
	-
	2.0
	-

	Veh-A 120 km/h
	2.0
	2.0
	2.0
	2.0
	1.0


Table 2.  ECM Q factor obtained from simulation results for 192 kbps (BPSK, R=0.4, SF=8) 2ms TTI.

The following conclusions are drawn from the figures:

1. The ECM method closely matches the short term FER method at 3, 30 and 120 km/h irrespective of the channel model, H-ARQ scheme, or number of transmissions.

2. For single transmission, the value of Q factor is chosen to be 1.0 for PA3 and PB3 channel and 2.0 for VA30 and VA120.  With Chase combining, these values remain valid.  With incremental redundancy, however, the Q factor reduces to 1.0 at higher speeds for four combined transmissions.

3. The ECM approach is preferred in the system simulator since it needs a few reference AWGN curves.  Further, it is easy to model HARQ (both Chase and IR) in the system simulator with ECM compared to the short-term approach since short term curves will be required for each re-transmission corresponding to each effective code rate and transport block size.
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