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A Proposal for EESM Method for Non-linear MIM O Receiver
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ZTE Corporation

1. Introduction

The dynamic PHY abstraction methodology based on EESM (Exponentiad ESM) has aready been adopted as part of
the draft 802.16m eval uation methodology document (C802.16m-07/080r1). With this method, in order to get the
effective SINR of a FEC block, the per-tone post-processing SINR is needed firstly. However, for MIMO system,
when a nontlinear receiver, such as Maximum Likelihood receiver, is used, the per-tone post- processing SINR cannot
be cd culated through explicit equation. To evauate the system performance when using the non-linear receiver, the
corresponding method of PHY abstraction should be proposed. We propose the use of the method defined and
vaidated by Hao Liu et d [1] in order to obtain the effective SINR for the non-linear receiver based on the per-tone
post-processing SINR as calculated for alinear receiver.

2. Suggested Method

In the following description of the method, we use the Maximum Likelihood receiver as representetive of anonlinesr
receiver.

2.1 Phy Abstraction

In our suggested method, the key point is to get the value of per-tone post-processing SINR g, (k =1,...N ) and the
tuning factor b,, (b for ML SINR,,, (BLER) curve detector). So the following steps are used to get the SINR and
by :

( 1) Through link smulation, we obtain the SINRyen VS. BLER curve for AWGN channd with the ML receiver for
agiven MCS (Modulation and Code Scheme).

( 2) TheBLER achieved for the ML recever, BLER,,, over the MIMO channdl for the same MCSasin Step 1 is
obtained vialink smulation

( 3) The per-tone post-processing SINR, g, , for each tone, k, is calculated based on equations derived for the
linear MM SE detector (see Ref [1])

( 4) Usng the per-tone SINRs, g, , obtained in Step 3, the effective post detector SINR corresponding to the
vaue of BLER,, measured in Step 2, becomes a function of the tuning factor, 13,,, viathe EESM equation (1):
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(5 Steps2to4 arerepeated with different SINRs at the transmitter in order to obtain different effective post-
detector SINR, SINR; ,, , corresponding to different BLER,,

( 6) HFndly, wefindthevdueof 3, that caculates the effective post-detection SINR, SINRy; v, for the ML
receiver that matches as close as possible to the SINR, SINRyen, Of the receiver in an AWGN channel at the
same BLER by finding thevdue of 13, that satisfies equation (2) acrossdl BLER,, data points.

miné éSNReﬁ_ML (by.) - SNRAWGN(BLERVIL)HZ (2
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After the above steps, we get the vdue of b,, and the SINR vs. BLER curve for agiven MCS.  The steps 1 through 6
above are repeated to obtain results for different MCS.

2.2 Application to System Simulation

During system smulion, with the parameter b,, and the SINR,\ (BLER) curve, we can obtain the BLER when ML
receiver isused asfollows:
(1) Cdculate the per-tone post-processing SINR g, based on MMSE receiver
(2) Applying the results of step 1 to equation (1), calculate the effective SINR SNR;, ,, based on ML receiver
(3) UIngSINR; ,, , the BLER for the ML receiver is obtained by looking up the value of BLER that corresponds to
SINR; . (Which is equivaent to SINRuen, fromthe INR,, ., (BLER) curve.

3. Proposed Text Changes
Add anew subsection 4.3.3.1 in section 4.3.3 after the line 11 in page 61:

4.3.3.1 EESM for Non-linear MIM O Receiver

When non-linear MIMO recaiver (e.g Maximum Likdihood) is used in sysem smulation for aMIMO system, the
EESM abstraction procedure is modified as follows:

1. Determine the tuning factors b, for non-linear receiver.
(1) Obtaina SNR,,. (BLER) curve at AWGN channedl with a non-linear receiver for agiven MCS (Modulation

and Code Scheme) via link-level Smulation.
(2) End b, _for MIMO channd with non-linear receiver for agiven MCS (Modulation and Code Scheme)

a) o, isthe kth_tone post-processing SINR, which is calculated with explicit lineer detector equetion

(e.9 MMSE etc) [1].
b) BLER, _isthe BLER with non-linear MIMO receiver being used. Thevaue of BLER, _that corresponds

to aparticular effective post detector SINR, SINR;, , , is obtained vialink-level smulation.

c) Theeffective post detector SINR, SINR; , , for non-linear receiver with g, _corresponding to BLER; _
isspecified asafunction of b, via application of the EESM reationship: o
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d) Inorderto get different BLER, _for different effective post detector SINR, the steps (@) through (c) are

repeated severd times with different SINR at tranamitter.
€) Hndly we compare SNR,; , with AWGN SINR at the same BLER and find the optimal tuning factor

b, _to satisfy:

miné. égNReff_d (by)- sNRAWGN(BLERﬂ)HZ@
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In the system Smulation, the per-tone post-processing SINRs g, are computed based on the applicable equations

for alinear reciver (note thet the linear recelver must be consstent with the one used in the link Smulation)
. According to the tuning factor b, and the per-tone post processing SINRg, ,use the equation (1) to compute the

effective SINR, SINRy , , with non-linear MIMO receiver being used. E\d then use the SINRy; ; _to look u
SINRyen (BLER) curve and findly get the corresponding BLER.
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