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Computation of the Average and Standard Deviation of the CINR for Band AMC Operation
Louay Jalloul, Djordje Tujkovic, Frank Zhou, Anupama Lakshmanan, Anuj Puri (Beceem)
Introduction
Two conditions need to be satisfied for a mobile to request a transition into band AMC mode (from PUSC mode):

i. The average CINR of the whole bandwidth should be larger than the band AMC entry average CINR for at least band AMC allocation timer frames.

ii. The maximum of the standard deviation of the individual band’s CINR measurements should be lower than the band AMC allocation threshold (σMAX) for at least band AMC allocation timer frames.

The method for computing the average CINR as outlined in the IEEE 802.16-2006, Rev2/D3 is performed by averaging instantaneous ratios of signal power to noise plus interference power, this type of averaging results in a bias and will impact condition (i) above.

Further, the method for computing the standard deviation as outlined in IEEE P802.16 Rev2/D3 specification is performed using linear values of CINR moments and not decibel values of the CINR moments. This causes a problem when checking for condition (ii) above.
Problem Definition for Average CINR
The IEEE 802.16 standard specifies that mean CINR shall be derived from the multiplicity of single messages using the equation in which the mean CINR is obtained as the IIR average of instantaneous CINRs. This suggests that mean CINR should be derived as the expectation of instantaneous ratios of signal power and noise plus interference power (expectation of ratios, EOR) as given by
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This type of averaging over fading channels deviates from the true signal-to-noise ratio defined as the mean (expectation) of signal divided by the mean (expectation) of interference power (ratio of expectations, ROE). The amount of bias from true CINR is not constant but depends on statistics of desired and interfering BS channels as shown in Appendix. Consequently, decisions for transition into band AMC mode will not be consistent for users throughout the cell which will affect the system performance.    

In the chosen example in Figure 1, the serving BS channel is modeled according to Veh A power delay profile while interfering BS channel is assumed to be frequency flat. Subscriber is moving with 60km/h. The method currently suggested in standard would result in CINR bias of as much as 8dB. Figure also depicts the performance for averaging logarithmic values of instantaneous ratios of signal power to noise plus interference power (denoted as EO[dB]R in figure). This method is often discussed as an alternative method to alleviate problems with standard defined metric for average SINR. As seen from Figure 1a (also shown analytically in Appendix), this method suffers from similar problem with bias. In turn, the ROE proposed here results in accurate averaging without bias.      
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Figure 1: Average SINR for different averaging methods
Problem Definition for Standard Deviation of CINR

In the current version of the standard, the standard deviation is to be computed in the following manner:

i. Compute the 1st moment of CINR as:
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ii. Compute the 2nd moment of CINR and the standard deviation as:
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[image: image5.wmf]ˆ

[]

CINR

k

m

 and 
[image: image6.wmf]2

[]

ˆ

CINR

k

c

are not computed as decibel values. This makes it difficult to use a single value of σMAX for a range of CINR values as shown below:
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Let xn, k = (                + ε) be the mean CINR for frame n in band k. Assume 
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Let σMAX = 6 dB. Then allowed pairs of                   and xn, k are:
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Thus in the current standard, σMAX needs to be high before an MS with high CINR will request AMC:

· [image: image53.wmf]Þ

High σMAX      low CINR users that cannot effectively use AMC are more likely to request AMC (AMC helps deserving low CINR users)

· Given a mix of users with different speeds, it becomes difficult to identify users that can effectively use AMC and users that cannot effectively use AMC.
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Figure 2: Allowed CINR variation for band AMC operation
To illustrate this behavior, Figure 2 shows the allowed CINR variation for an MS to be able to request band AMC transition. The red line is the CINR value and the bounding blue lines are the allowed CINR variation. The blue line is 3σMAX, linear of the red line. Assuming a Gaussian CINR distribution, this should capture more than 99.9% of the expected distribution of the CINR. It is clear from this figure that low CINR users have a larger allowed variation as compared to high CINR users. 
Proposed Resolution for Average CINR

The average CINR to be used in validating the first criteria for requesting transition into BAMC zone should be calculated as a dB value of the IIR averaged received Signal power divided by the IIR averaged Noise plus Interference power, as shown below
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where 
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 interfering BS. The exact method for calculating individual BS RSSIs or sum of interfering BS RSSIs is implementation specific.   

Whenever measurement is missing in a given frame, average values of received Signal power and Noise plus Interference power are repeated from the previous frame. The RSSI and IIR averaged received signal and IIR averaged Noise plus interference power for calculating the average CINR should be calculated from multiplicity of single messages as
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where
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Whenever the average CINRdB of the whole bandwidth as defined in (2) is larger than the band AMC entry average CINR for at least band AMC allocation timer frames, the first condition to request a transition into band AMC mode (from PUSC mode) is considered to be met. 
Modify the current text in Rev2_D3, Section 8.4.11.3, page 1001 :
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To the following:
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and 
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 is the RSSI of the i-th BS which is given by
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where
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Proposed Resolution Standard Deviation of CINR
The proposed solution is to compute 
[image: image22.wmf]ˆ

[]

CINR

k

m

 and 
[image: image23.wmf]2

[]

ˆ

CINR

k

c

as decibel values:
i. Compute the 1st moment of CINR as:
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where:

ii. Compute the 2nd moment of CINR and the standard deviation as:
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· and standard deviation as:
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Error! Reference source not found. illustrates how the proposed solution fixes the problem described earlier
[image: image58.emf]0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

CINR (dB)

CINR (dB)

 

 

mean CINR

boundary of allowed CINR variation

PUSC

PUSC

AMC eligible


Figure 3: Illustration of proposed solution
Appendix

Expectation of ratios vs ratio of expectations
The ratio of the expected signal and expected interference power (ROE) and expectation of instantaneous ratios of signal and interference powers (EOR) are given as
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The ROE in (4) is also marked as the true CINR which averages out fast fading variations without changing the relative ratio of individual mean BS powers. Let us zoom into EOR:
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where the last two steps stem from fact that signal and interference power are independent. The interference power is a chi-squared random variable with M degrees of freedom. Hence, the probability density function (PDF) 
[image: image27.wmf])

(

i

p

I

of the inverse of interference power is given by the so called inverse chi-squared distribution 


[image: image28.wmf])

2

/(

1

1

2

/

2

/

)

2

/

(

2

)

;

(

i

M

M

I

e

i

M

M

i

p

-

-

-

-

G

=


(7)

whose mean is given by 
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We finaly write the EOR as
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Notice that for flat fading channel, where the number of degrees of freedom is equal to M=2, the EOR grows to infinity
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Applying the IIR filter, which acts as a moving average filter will to some extent, bound the bias in EOR mean CINR. Nevertheless, the impact from bias will be still rather dramatic in practice. 

As an alternative method to ROE filtering, another method denoted hereafter by expectation of dB ratio (EOdBR) is often discussed. In this method the dB instead of linear value of instantaneous CINR measurement is passed through IIR filter in section 8.4.11.3
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Without loss of generality, let us assume that instantaneous signal and inference powers can be represented as the product of constant representing the mean power and the random chi-square variable with unit power with given number of degrees of freedom. That is
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with 
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where MS and MI denote the number of degrees of freedom in signal and interference channels, respectively. Let us zoom into EOdBR from (6)
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With assumptions in (7) and (8), the dB value of true CINR (ROE), denoted hereafter by ROEdB, is given by
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Comparing (9) and (10), it is apparent that in general EOdBR has bias compared to true CINR (ROEdB). The sign and value of bias depends on the number of degrees of freedom in signal and interference channel. Only in the special case when MS and MI are equal, the bias term is equal to zero. 

Therefore, the ROE represents the only liable bias free solution. 
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