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1
Decision/action requested

This document discusses measurements related to RACH Optimization.
3GPP members are asked to choose which method(s) shall be standardized.
2
References

[1]


Shadow TS 32.522 WI 460035 V3.0 (2011-01)
3
Rationale

This document discusses two possible methods to implement the measurements related to RACH Optimization.
4
Background Information

As part of Shadow TS 32.522 [1], the following RACH Optimization targets are defined

	Target Name
	Definition
	Legal Values

	Access Probability, AP
	The probability that the UE has access after a certain random access attempt number.
	CDF of access attempts. See section 5.5.1

	Access Delay Probability, ADP
	The probability distribution of Access Delay expected to be experienced by UEs accessing the RACH Channel.
	CDF of delays. See section 5.5.1



and the relevant attributes are defined as

	rachOptAccessDelayProbability
	This is a list of target Access Delay probability (ADP) for the RACH optimization function.

Each instance ADP of the list is the target time before the UE gets access on the random access channel, for the P percent of the successful RACH Access attempts with lowest access delay, over an unspecified sampling period.

This target is suitable for RO.
	Each element of the list, ADPn, is a pair (a, b) where a is the probability (in %) and b is the access delay (in milliseconds).

The legal values for a are 25, 50, 75, 90.

The legal values for b are 10 to 560.
If ADPx’s a is larger than that of ADPy, then ADPx’s b must be larger than that of ADPy.

The number of elements specified is 4. The number of elements supported is vendor specific. The choice of supported values for a and b is vendor-specific.

	rachOptAccessProbability
	This is a list of target Access Probability (APn) for the RACH optimization function.

Each instance APn of the list is the probability that the UE gets access on the random access channel within n number of attempts, over an unspecified sampling period.

This target is suitable for RO.
	Each element of the list, APn, is a pair (a, n) where a is the probability (in %) and n is the access attempt number.

The legal values for a are 25, 50, 75, 90.

The legal values for n are 1 to 200.

If APx’s a is larger than that of APy, then APx’s n must be larger than that of APy.

The number of elements specified is 4. The number of elements supported is vendor specific. The choice of supported values for a and n is vendor-specific.




Each target is expressed as a series of a pair of numbers. Taking rachOptAccessProbability as an example, the series of numbers would appear something like

(25,2)  (50,5)  (75,10)  (90,15)

which expresses the targets that

25 percent of attaches should succeed after 2 RACH preambles or less

50 percent of attaches should succeed after 5 RACH preambles or less

75 percent of attaches should succeed after 10 RACH preambles or less

90 percent of attaches should succeed after 15 RACH preambles or less

For an automatic control system to manage the RACH Optimization, it is not sufficient to set targets. It is also necessary to define measurements which can be checked against targets.

Because each target is a pair of numbers, there are two orthogonal methods to define the measurement, depending on which of the pair is the measurement index, and which is the measurement value. The two methods are orthogonal because they carry different interpretations of the same information content. However, as described below, the different methods have consequences when checking the measurements against targets.

5
Discussion of Method 1
In this method, the percentage of attaches is the index (the constant) and the number of preambles sent (number of access attempts) is the measurement (the variable).

Figures 1 and 2 show examples of well-performing and badly-performing cells. In these figures, the curve shows the measurements at 25%, 50%, 75%, 90% of attaches, and the targets are superimposed on the curve. See annex A for the source data and Annex B for the algorithm to calculate the measurements.

It is easy to check compliance to each target. If the number of preambles sent is less than or equal to the target, then the target has been achieved.
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Figure 1
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Figure 2

6
Discussion of Method 2
In this method, the number of preambles sent (number of access attempts) is the index (the constant) and the percentage of attaches is the measurement (the variable).

Figures 3 and 4 show examples of well-performing and badly-performing cells. In these figures, the curve shows the measurements at 2,5,10,15 access attempts, and the targets are superimposed on the curve. See annex A for the source data and Annex C for the algorithm to calculate the measurements.

It is easy to check compliance to each target. If the percentage of attaches is greater than or equal to the target, then the target has been achieved.
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Figure 3
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Figure 4

7
Comparison of Method 1 and Method 2
So far, it seems that methods 1 and 2 produce exactly the same results. This is true, but only in the special case where the index of the measurement corresponds exactly with the target parameters.

For method 1, the percentage of attaches (25%,50%,75%,90%) is predictable, and can easily be set so that the index of the measurement matches exactly with the target.

For method 2, there is no way to predict the values of numberOfPreamblesSent which should be used as the index of the measurement. This raises the question of the index that the eNB should use for the measurement.

Figure 5 shows the simplest solution. In this solution, the indexes of the measurement are factory preset, in this case to the values 2,4,8,16. In this case, the index of the measurement does not match the target. For the management system to check compliance to the target, the management system must estimate the values of the measurement at the target points.

This estimation may be done by interpolating with straight lines (as shown in figure 5) or a more complex estimation may use curved splines. However, any estimation will introduce some approximation error. Because these measurements are used as the input for an automated control function, it is not possible to predict how this approximation error could affect the automated control function.
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Figure 5

An obviously better solution is that the index of the measurement should not be factory preset, and should match the target values. However, this raises the question of how the eNB should know what the target values are. 

· If the RACH Optimization control function resides in the NM, the targets will not be passed over Itf-N, and therefore the eNB must rely on some other mechanism to have knowledge of the targets. 
· If the RACH Optimization control function resides in the DM, the DM must pass the targets to the eNB, and there may be several layers of mediation between the DM and the eNB which must all support passing this data.


Therefore, the practical solutions for Method 2 are

· Use factory preset values for the measurement index and accept an approximation error when checking compliance to targets

· Use a non-standardized interface to pass the target values to the eNB

8
Conclusion
It is the opinion of Ericsson that method 1 is the preferred method to measure the performance of RACH Optimization.

Method 2 has the disadvantage that it must use non-standardized interfaces to avoid approximation error when checking compliance to the targets.

9
Proposal
It is the opinion of Ericsson that method 1 should be the standard method to measure compliance to RACH Optimization targets.

If other companies prefer method 2, both methods may be standardized as a choice of “1 of 2” measurements.

Annex A - Source data for figures 1-5.

	Well-performing cell
	
	Badly-performing cell

	Attach attempt
	Distribution
	Cumulative distribution
	Percentage
	
	Attempt
	Received
	Sum
	Percentage

	0
	0
	0
	0
	
	0
	0
	0
	0

	1
	7
	7
	8.23529412
	
	1
	0
	0
	0

	2
	18
	25
	29.4117647
	
	2
	1
	1
	1.35135135

	3
	11
	36
	42.3529412
	
	3
	1
	2
	2.7027027

	4
	5
	41
	48.2352941
	
	4
	0
	2
	2.7027027

	5
	6
	47
	55.2941176
	
	5
	0
	2
	2.7027027

	6
	8
	55
	64.7058824
	
	6
	1
	3
	4.05405405

	7
	3
	58
	68.2352941
	
	7
	0
	3
	4.05405405

	8
	2
	60
	70.5882353
	
	8
	1
	4
	5.40540541

	9
	5
	65
	76.4705882
	
	9
	2
	6
	8.10810811

	10
	2
	67
	78.8235294
	
	10
	0
	6
	8.10810811

	11
	4
	71
	83.5294118
	
	11
	1
	7
	9.45945946

	12
	1
	72
	84.7058824
	
	12
	1
	8
	10.8108108

	13
	2
	74
	87.0588235
	
	13
	2
	10
	13.5135135

	14
	2
	76
	89.4117647
	
	14
	1
	11
	14.8648649

	15
	1
	77
	90.5882353
	
	15
	1
	12
	16.2162162

	16
	2
	79
	92.9411765
	
	16
	2
	14
	18.9189189

	17
	1
	80
	94.1176471
	
	17
	3
	17
	22.972973

	18
	1
	81
	95.2941176
	
	18
	5
	22
	29.7297297

	19
	1
	82
	96.4705882
	
	19
	6
	28
	37.8378378

	20
	0
	82
	96.4705882
	
	20
	5
	33
	44.5945946

	21
	1
	83
	97.6470588
	
	21
	8
	41
	55.4054054

	22
	1
	84
	98.8235294
	
	22
	7
	48
	64.8648649

	23
	0
	84
	98.8235294
	
	23
	12
	60
	81.0810811

	24
	0
	84
	98.8235294
	
	24
	5
	65
	87.8378378

	25
	1
	85
	100
	
	25
	3
	68
	91.8918919

	26
	0
	85
	100
	
	26
	2
	70
	94.5945946

	27
	0
	85
	100
	
	27
	1
	71
	95.9459459

	28
	0
	85
	100
	
	28
	2
	73
	98.6486486

	29
	0
	85
	100
	
	29
	1
	74
	100

	30
	0
	85
	100
	
	30
	0
	74
	100


Annex B - Sample algorithm for Method 1

Algorithm, start of measurement period
eNB resets variables Count[1], Count[2], ... Count[200]

eNB resets variable NumberOfAttaches

  

Algorithm, during measurement period

For each UE connection

{

  eNB sends message UEInformationRequest to UE

  UE sends message UEInformationResponse to eNB

  eNB reads the value of numberOfPreamblesSent, assigns this value to variable N

  eNB increments variable Count[N]

  eNB increments variable NumberOfAttaches

}

Algorithm, end of measurement period

eNB sets variable Target25 = NumberOfAttaches * 25%

eNB sets variable Total=0

eNB sets variable N=0

loop

{

  eNB increments variable N

  eNB sets variable Total += Count[N]

} while Total < Target25

eNB sets variable RachPreambleCount.25Perc = N

 

eNB sets variable Target50 = NumberOfAttaches * 50%

eNB sets variable Total=0

eNB sets variable N=0

loop

{

  eNB increments variable N

  eNB sets variable Total += Count[N]

} while Total < Target50

eNB sets variable RachPreambleCount.50Perc = N

 

eNB sets variable Target75 = NumberOfAttaches * 75%

eNB sets variable Total=0

eNB sets variable N=0

loop

{

  eNB increments variable N

  eNB sets variable Total += Count[N]

} while Total < Target75

eNB sets variable RachPreambleCount.75Perc = N

 

eNB sets variable Target90 = NumberOfAttaches * 90%

eNB sets variable Total=0

eNB sets variable N=0

loop

{

  eNB increments variable N

  eNB sets variable Total += Count[N]

} while Total < Target90

eNB sets variable RachPreambleCount.90Perc = N

 

eNB sends variables

  RachPreambleCount.25Perc

  RachPreambleCount.50Perc

  RachPreambleCount.75Perc

  RachPreambleCount.90Perc

to the management system

Annex C - Sample algorithm for Method 2

Algorithm, start of measurement period
eNB resets variables Count[1], Count[2], ... Count[200]

  

Algorithm, during measurement period
For each UE connection

{

  eNB sends message UEInformationRequest to UE

  UE sends message UEInformationResponse to eNB

  eNB reads the value of numberOfPreamblesSent, assigns this value to variable N

  eNB increments variable Count[N]

}

Algorithm, end of measurement period
eNB resets variables RachPreambleCount.Bin[1] … RachPreambleCount.Bin[X]
For each I=1 to 200

{

  eNB set variable N = BinLookup[I]

  eNB sets variable RachPreambleCount.Bin[N] += Count[I]

} 

 

eNB sends variables

  RachPreambleCount.Bin[1]
  RachPreambleCount.Bin[2]
  …

  RachPreambleCount.Bin[X]
to the management system
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