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Introduction

During the last few meetings we have shown the advantages of retransmission power reduction for HARQ schemes in several contributions [1-2]. Summarizing the most eminent advantage is a gain of at least 10 % in system throughput due to reduced interference. This was shown in simulations for both 10 ms and 2 ms TTI length.

 In this paper we examine the effects of retransmission power reduction further and to make its benefits more understandable an analytical link level approach for AWGN is presented. The goal is to find an optimum value for the power reduction of the first retransmission and to show the gain from the energy perspective.

Power Optimisation

Description of the Model

For the power optimisation a transmission system using Chase combining with a maximum of two repetitions is investigated. The energy of the first transmission is E0. The energy of the first repetition E1 is reduced compared to E0 and the energy of the second retransmission is E2.  
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Figure 1: HARQ transmission with two retransmissions

Further in our model the information is encoded with the rate 1/3 UMTS turbo coder and the encoded packets are transmitted using a BPSK modulation scheme. The received symbols are corrupted with AWGN. As depicted in Figure 1 the repeated packets are weighted by their reliability factors and accumulated in the receiver. The noise power is assumed to be constant during the HARQ process. In the following γ0 denotes the Eb/N0 of the first transmission. 

	HARQ Transmission
	Power Factor

	First Repetition
	k1 = E1/E0

	Second Repetition
	k2 = E2/E0


Table 1: Power factors for HARQ retransmissions

In Table 1 the definition of the power factor k1 for the first retransmission and k2 for the second retransmission are given.  Figure 2 depicts a typical BLER curve for the UMTS rate 1/3 turbo code with a block length of 957 information bits.
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Figure 2: Typical BLER curve for a UMTS rate 1/3 turbo code (AWGN)

Analysis

With γ0 = Eb/N0 of the first transmission, the probability of a block error after decoding the first transmission p1f (γ0) and the complementary probability  p1k (γ0) is given by:

p1f (γ0) = BLER(γ0)

p1k (γ0) = 1 - BLER(γ0)

Further for the described model, the probability of a block error after combining and decoding exactly one transmission and one retransmission p2f(γ) – meaningless whether the initial transmission could be decoded correctly or not – is given by:


p2f(γ0) = p1f (γ0  · (1+k1)) 

The complementary probability denoted p2k:
p2k(γ0)  = 1 -  p2f(γ0)

Using conditional probabilities p2k(γ0) can be expressed as follows:


p2k(γ0) = p1f (γ0) · p2k|1f (γ0) +  p1k (γ0) · p2k|1k (γ0)

where p2k|1f (γ0) is the probability that the transmitted packet can be decoded correctly after the first retransmission, if there was a block error in the initial transmission. Similar the probability p2k|1k (γ) is the probability that the transmitted packet can be decoded correctly after the first repetition, if there was no block error in the initial transmission.
Approximating p2k|1k (γ0) ≈ 1, the above equation can be simplified:

p2k(γ0) = p1f(γ0) · p2k|1f (γ0) +  p1k (γ0)

and the probability p2k|1f (γ) becomes

p2k|1f (γ0) = [p2k (γ0) - p1k (γ0)] / p1f (γ0).

Figure 3 shows the probability p1f (γ0), p2f (γ0) and p2k|1f (γ0) for k1 = 0 dB. It can be seen that p2f (γ0) is the same curve as p1f (γ0) but shifted by 3 dB to the left due to the SNR gain in the accumulator after combining of the initial transmission and its repetition. 
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Figure 3: Probabilities p1f (γ0), p2f (γ0)  and p2k|1f (γ0) for k1=0 dB

Optimization

The target for the optimization described here is to find the value for k1 that minimizes the average overall energy needed to transmit the information of a data packet successfully. The average needed overall Eb/N0 to successfully transmit an information bit over the AWGN channel including the initial transmission as well as repetitions is denoted γg:


 γg (γ0) =   γ0  · [ p1k (γ0) + p1f (γ0) · p2k|1f (γ0) · (1 + k1) + pr · (1 + k1+  k2)]

The probability 


pr (γ0) = 1 - p1k (γ0) - p1f (γ0) · p2k|1f (γ0) 

is the probability that at least a second retransmission is needed to correctly decode the information of an initial transmission. The calculation of γg given above assumes that after two repetitions a packet is decoded always successfully. Therefore we set k2 > 0 dB to consider the energy of the second retransmission (with no power reduction) and the energy of possible higher layer retransmissions. Figure 4 and 5 show γg(γ0) with different power settings of the first repetition for k2 = 0.5 dB and k2 = 1 dB.
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Figure 4:  Average energy needed per information bit for reliable transmission (k2 = 0.5 dB)

[image: image5.png]ganma-g [dB]

-1
-2

-s
=
s
s

Bt

a5
iz
s

az

az
i
a5
iz
a5

f
ganma-0 CdB1





Figure 5:  Average energy needed per information bit for reliable transmission (k2 = 1 dB)

Conclusion 

Summarizing the results, it is shown for the investigated model that the energy of the first retransmission is near optimum, if it is 6 to 7 dB smaller than the energy of the initial transmission. The reduction of the retransmission power by 6 to 7 dB transfers into an energy saving of around 10 % needed to transmit the same information reliable. 

However we do not recommend using a fixed value for the power reduction. As can be seen in the model the results given above are affected also by the cost of higher layer retransmissions. E.g. for services where a failed HARQ causes a high energy consuming ARQ a lower power reduction should be applied. 

Additionally further parameters like SHO, combining type or cell loading influence the optimum power adjustment. Therefore we propose to signal the power reduction values dedicated for each UE. 
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