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A comment on Phy-abstraction of H-ARQ
Tom Harel, Yuval Lomnitz
Intro

The Evaluation-Methodology document (EMD) for WiMAX-II defines the Phy-abstraction for H-ARQ (‎[1], section 4.7). The calculation of BLER for a re-transmission might be significantly too optimistic in some cases, since it implicitly assumes that error event in a re-transmission is statistically independent on the error event of previous transmission.

Actually these two events are positively correlated, and since an H-ARQ re-transmission is invoked only as a result of error event in a transmission, the probability of error event in the re-transmission is actually higher than expected by EMD.

The above is relevant for every H-ARQ method (Chase-combining or incremental-redundancy) and every basic Phy-abstraction (like MI and EESM).

Dependence of event of error

Denote the event of error in a transmission by 
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 and the event of error in an H-ARQ retransmission by 
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 (I assume here packet with one FEC block). The block error rate of the first transmission is 
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The event of error in a re-transmission clearly depends on the specific instance of the noise, and not only the SNR, and therefore 
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 but the calculation defined in the EMD ignores this difference. Feeding the SINRs in the original packet and the retransmission to the Phy-abstraction yields 
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 (the probability to fail in the retransmission without prior knowledge on the original packet decoding). In the SLS, a coin-toss is performed for each retransmission separately with probabilities
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Example by an extreme scenario

Following we show an absurd behavior of the current abstraction: lets say that nothing is transmitted in the re-transmission (re-transmission of zero bits), then 
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. So the total error rate of the session, if calculated as the EMD defines, will be: 
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, while the correct expression is 
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Using this “method” of transmitting 0 bits with the existing abstraction we can reach arbitrarily small BLER.
Suggested correction

It is extremely unlikely, although not impossible, that if we receive a re-transmission of a block that was decoded successfully in the first place we will fail to decode it with the re-transmission. Thus we suggest using the approximation that 
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 which seems very reasonable, and based on this assumption to calculate 
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By Bayes’ theorem:
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Therefore we suggest defining:
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Where 
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 are computed by MI (or EESM) to BLER in AWGN function as explained in the EMD. By the existing abstractions this expression is guaranteed to be (1 since the EESM and MI always improve for matched receiver when data is added.

Extension for multiple transmissions

Denote by Ei the event of error when combining i-packets then:

Assumption:
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The case of multiple FEC blocks in a single packet

For the case of multiple FEC blocks in a single packet if we make the same assumption regarding an error in each block separately, then the assumption will be also true for the entire packet. So we can apply the calculation above, over the combined PER calculated for the entire packet by the equation 
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Another equivalent way (which is not recommended) is as follows:

· Generate block errors for the first transmission (specific events of coin-toss)
· For the re-transmission, perform coin-toss using the combined BLER, only for blocks that have failed in the first transmission.

This approach is statistically equivalent to using the PER and tossing a coin with error probability 
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 for the retransmission. 

Proposed text changes

[Add the following text at the end of 4.7.1:]

The result of the PHY abstraction yields an abstraction for the combined PER which equals the PER of transmitting the n retransmissions without stopping on ACK. PERn which is the (conditional) probability to fail in retransmission n given it was reached (i.e. that n-1 failed), is then computed as:
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Where 
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is the combined PER (result of PHY abstraction) of all but latest retransmission. Note: this abstraction relies on the assumption that 
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