
IEEE C802.16m-07/194r1

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	A comment on Phy-abstraction of H-ARQ

	Date Submitted
	2007-09-18

	Source(s)
	Yuval Lomnitz, Intel Corporation
Tom Harel, Intel Corporation
	yuval.lomnitz@intel.com
tom.harel@intel.com

	Re:
	IEEE 802.16m-07/031 - Call for Comments on TGm Evaluation Methodology Document [C802.16m-07/080r3] 

	Abstract
	Proposal to modify/clarify the calculation of PER for the n-th retransmission in H-ARQ. 
This contribution is intended to support comment #142

	Purpose
	For discussion and approval by TGm

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


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. 
Similarly, consider a case where equal number of symbols is transmitted, suppose the PER in the first retransmission was 0.1. An error occurs in first transmission and then, e.g. due to fade, the symbols received from the retransmission have very low quality. In this case we expect the probability of error following the retransmission to be almost 1 since no new information was effectively received. However according to the current abstraction we toss a coin in the probability of the original PER (0.1) so the overall packet error rate is 0.01.
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.
Note that the assumption 
[image: image21.wmf]{

}

0

Pr

0

=

E

E

ret

 is a worst case assumption; if instead we just use 
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 we have 
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, so 
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. So the value we propose to use is an bound for the conditional error probability (which we assume is very tight).
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 in decoding the n retransmissions together. 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) for all (re)transmissions, and  
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is the combined PER of all but latest retransmission. PERn is used to generate the packet failure event.
Note: this abstraction relies on the approximate assumption that 
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. This assumption is worst case, and holds if we assume that if the combined n-1 retransmissions decoded correctly, it is unlikely that the decoding would fail when combining the additional retransmission. 
The process is depicted in the following figure:
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