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Computation of CINR Standard Deviation for Band AMC Operation

Chandy Sankaran, Joe Schumacher

Motorola
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 standard deviation as outlined in IEEE P802.16 (e.g., 802.16e-2006, Rev2/D3) 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

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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The problem with the above method is that 
[image: image3.wmf]ˆ

[]

CINR

k

m

 and 
[image: image4.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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. Then:
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   = (α. xn, k + (1-α).                 )
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Let σMAX = 6 dB. Then allowed pairs of                   and xn, k are:
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       = 0dB        xn, k < 10dB
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       = 10dB      xn, k < 12.8dB
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       = 15dB      xn, k < 15.5dB
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        = 20dB      xn, k < 20.4dB
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        = 30dB      xn, k < 30.04dB

Thus, in the current standard, σMAX needs to be high before an MS with high CINR will request AMC:

· [image: image30.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 1: Allowed CINR variation for band AMC operation
To illustrate this behavior, Figure 1 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

The proposed solution is to compute 
[image: image7.wmf]ˆ

[]

CINR

k

m

 and 
[image: image8.wmf]2

[]

ˆ

CINR

k

c

as decibel values:
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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· and standard deviation as:
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Figure 2 illustrates how the proposed solution fixes the problem described earlier.

Figure 2. Illustration of proposed solution
Legacy Issues

It is unlikely that either MSs or BSs designed to comply with previous publications and drafts of 802.16 are able to follow the recommended changes in this contribution. It is therefore necessary for BSs and MSs to identify their CINR standard deviation computation capability for the sake of interoperability. The changes described in this contribution are only intended for OFDMA operation, so it is inappropriate to use the MAC Version TLV for this purpose.

The OFDMA SS CINR measurement capability TLV (type 160, see R2/D3, table 558) has all bits assigned. A new TLV is introduced to accommodate the identification of the MS CINR computation capability.

iii. Add a new TLV, Extended OFDMA SS CINR measurement capability, type = 205, to be used during the SBC dialog to identify that the MS has the capability to compute the CINR standard deviation in the logarithmic units.

Text Changes

Insert the following text starting at line 32 on page 412 of R2/D3 as indicated:
Refer to section 8.4.11.3 for details on computing the standard deviation for the band CINRs.  If logarithmic calculation mode is not enabled (see 11.8.3.7.21), then the standard deviation shall be computed using equation (162). If logarithmic calculation mode is enabled (see 11.8.3.7.21), then the standard deviation shall be computed using equation (165).
Modify the text on line 16/17 on page 1003 as indicated:
To solve for the standard deviation, if logarithmic CINR calculation is not enabled (see 11.8.3.7.21), the expectation-squared statistic shall be updated using Equation (161).

…

Insert the following text starting at line 33 on page 1003 of R2/D3 as indicated:
If logarithmic CINR standard deviation calculation is enabled (see 11.8.3.7.21), the MS shall calculate the standard deviation in decibel format using equations (163 -165):

1. Compute the 1st moment of CINR using equation 163 as:
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         (163)
where n is number of consecutive frames in which no measurement is made, and 
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2. Compute the 2nd moment of CINR using equation 164 as:

3. 
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          (164)
4. Compute the standard deviation using equation 165 as:
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Add the following text to the end of Table 558 (11.8, page 1100):
|   Type    |     Parameter                                                                    |

|    205     | Extended OFDMA SS CINR measurement capability
Add new sub clause 11.8.3.7.21 as indicated:
11.8.3.7.21 Extended OFDMA SS CINR measurement capability

This TLV identifies extended OFDMA SS CINR measurement capabilities. A bit value of 0 indicates the attribute is not supported, while a bit value of 1 indicates the attribute is supported.

If an MS sends this TLV, it shall set bit 0 to 0b1

	Type
	Length
	Value
	Scope

	205
	1
	Bit 0: CINR standard déviation calculation mode

0b0: linear mode

0b1: logarithmic mode

  Default is 0b0.

Bits 1-7: reserved, set to 0.
	SBC-REQ, SBC-RSP
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