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Objective
The following contribution is about collection method types of measurements to be used as part of the Metadata of Performance Management interfaces. It was observed that various standard organizations are defining the collection method types differently. The purpose of this contribution is to review the collection method types from several SDOs and to suggest a unified approach.
References
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1. ITU-T, Data Communication Networks, Information Technology – Open Systems Interconnection – Structure of management Information: Definitions of management Information, Recommendation X.721
2. 3GPP TS 32.401 Telecommunication management; Performance Management (PM); Concepts and Requirements
3. 3GPP TS 32.405 Telecommunication management; Performance Management (PM); Performance measurements Universal Terrestrial Radio Access Network (UTRAN)
4. IETF, RFC2578, Structure of Management Information Version 2 (SMIv2)
5. TCP-MIB (ISO)
6. TM Forum Performance Monitoring Information Agreement, Version 1.1, 2013
Detailed Proposal
[bookmark: _GoBack]As part of the specification of measurements, their collection method type is typically defined, providing an important piece of information regarding the nature of the measurements. The following section presents the definitions of collection method types from several standardization organizations (SDOs). For some standards, this information is generalized as an attribute type while in other cases, there is a specific attribute for this information.
ITU-T Collection Method Types
ITU-T recommendation X.721 specifies the following as part of section 9 “Definition of generic attribute types”:
1.1 
3.1.1 Counter 
The following definition is taken from ITU X.721, section 9.1:

“Counters are a management abstraction of an underlying counting process. Two types of counters are modelled to meet different needs. The non-settable (or simple) counter is defined to operate autonomously, i.e. not subject to change by Management operation, in order to enable different managing stations to access its information without interference. The settable counter, in contrast, is defined to allow setting or resetting by Management operation, and therefore is more suited to use by a single managing station. Both types are defined as attributes.
A counter is regarded as associated with some internal event, which may be, but is not in general, a defined event represented in management information. The current value is incremented by 1 when this event occurs. It can take any values in its range. When a counter reaches its maximum value, it wraps around and counts upwards from 0; overflow information is not in general retained. An attribute value change notification may be defined for counters with wrap behaviour.”

3.1.2 Gauge 
The following definition is taken from ITU X.721, section 9.2:

“The gauge is the management abstraction of the value of a dynamic variable, such as the number of connections currently operated by a protocol machine or the rate of change of a traffic counter. There is no restriction on what the dynamic variable may be, within the constraints set out below.
The value of the gauge is subject to change in either direction. The value of the increment or decrement is unconstrained, except that changes that would take the gauge value beyond its maximum or minimum leave the gauge value at its maximum or minimum respectively.
In order to support use by multiple managing stations, gauges are defined to be read-only.”

3.1.3 Threshold 
The following definition is taken from ITU X.721, section 9.3:

“A threshold is the general mechanism for generating a defined notification from changes in numeric attributes values.
Two types of thresholds are defined, for counters and for gauges, because the required behaviour is significantly different in the two cases. Both allow attribute values that are of integer data types. Other types of threshold may be defined in the future.”

3.1.4 Tide-mark 
The following definition is taken from ITU X.721, section 9.4:

“The tide-mark is a mechanism that records the maximum or minimum value reached by a gauge during a measurement period. A tide-mark is essentially read-only, except that it may be reset to a desired value which is the current value of the associated gauge. Each individual tide-mark is specified to be either a maximum tide-mark or a minimum tide-mark, and therefore moves (other than when it is reset) only up or down respectively. Thus, a maximum tide-mark changes (increases) only when its gauge increases beyond the current tide-mark value, and a minimum tide-mark changes (decreases) only when its gauge moves below the current tide-mark value.
A tide-mark is defined as a set-valued attribute with three components. Two value components are defined, the current value and the value immediately prior to the last reset, so as to support different measurement requirements. The third component is the last reset time.”

3GPP Collection Method Types 
3GPP 32.401 defines collection methods as part of the measurement results: 
“The measurement result data can be collected in each NE of the network in a number of ways:
-	cumulative incremental counters triggered by the occurrence of the measured event;
-	status inspection (i.e. a mechanism for high frequency sampling of internal counters at pre-defined rates);
-	gauges (i.e. high tide mark, low tide mark);
-	discrete event registration, where data related to a particular event is captured.”
3.2.1 Cumulative Counter
The following definition is taken from 3GPP 32.401:
Cumulative counter: The NE maintains a running count of the event being counted. The counter is reset to a well-defined value (usually "0") at the beginning of each granularity period.
Example #1 - Attempted RAB establishments for CS domain
a) This measurement provides the number of requested RAB in establishment attempts for CS domain. The measurement is split into subcounters per traffic class.
b) CC
c) On receipt by the RNC of a RANAP RAB ASSIGNMENT REQUEST message for CS domain, each requested RAB in establishment attempts is added to the relevant measurement according to the traffic class requested. See TS 25.413 [5] and TS 23.107 [2]. For conversational service, the relevant measurement according to the data rates requested, see TS 25.993 [13] as follows:
uplink<U>:
			1: AMR rate (12.2 10.2 7.95 7.4 6.7 5.9 5.15 4.75) kbps
 		2: 12.2 kbps
 		3: 28.8 kbps
 		4: 32 kbps
 		5: 64 kbps
downlink<D>: 
			1: AMR rate (12.2 10.2 7.95 7.4 6.7 5.9 5.15 4.75) kbps
 		2: 12.2 kbps
 		3: 28.8 kbps
 		4: 32 kbps
 		5: 64 kbps
As indicated above, <U> and <D> are integer values that map to the conversational service specified uplink and downlink data rates respectively. 

3.2.2 Gauge
The following definition is taken from 3GPP 32.401:
Gauge: Gauges represent dynamic variables that may change in either direction. Gauges can be integer or real valued. If a gauge is required to produce low and high tide marks for a granularity period (e.g. minimum and maximum call duration), then it shall be reinitialised at the beginning of each granularity period. If a gauge is required to produce a consecutive readout over multiple granularity periods (e.g. cabinet temperature), then it shall only be reinitialised at the start of a recording interval (see definition of "recording interval" in clause 5.2.1.2).
Example #2 - RAB CS connection set-up time (Maximum)
a) This measurement provides the maximum time during each granularity period for a RNC to establish a RAB CS connection.
b) GAUGE.
c) This measurement is obtained by monitoring the time intervals for each successful RAB establishment between the receipt by the RNC of a RANAP "RAB ASSIGNMENT REQUEST" message to establish a RAB for CS domain, and the first corresponding (based on RAB ID) transmission by the RNC of a RANAP "RAB ASSIGNMENT RESPONSE" message for successfully established RABs see TS 25.413 [5]. The high tide mark of this time will be stored in a gauge, the gauge shall be reinitialised at the beginning of each granularity period.
d) Each measurement is an integer value.(in milliseconds).

3.2.3 Status Inspection (SI)
The following definition is taken from 3GPP 32.401:
Status inspection: Network elements maintain internal counts for resource management purposes. These counts are read at a predetermined rate, the rate is usually based upon the expected rate of change of the count value. Status inspection measurements shall be reset at the beginning of the granularity period and will only have a valid result at the end of the granularity period.
Example #3 - RRC connection usage (Mean)
a) This measurement provides the average number of simultaneous RRC connections.
b) SI
c) This measurement is obtained by sampling at a pre-defined interval, the amount of successful RRC connections for each UtranCell and then taking the arithmetic mean.
d) A single integer value

Example #4 - RRC connection usage (Maximum)
a) This measurement provides the maximum number of simultaneous RRC connections.
b) SI
c) This measurement is obtained by sampling at a pre-defined interval, the amount of successful RRC connections for each UtranCell and then taking the maximum.
d) A single integer value

3.2.4 Discrete Event Registration (DER)
The following definition is taken from 3GPP 32.401:
Discrete Event Registration: This is a measurement of a specified event where every Nth event would be taken into account. The value of N is dependent on the frequency of occurrence of the event being measured. Discrete event registration measurements shall be reset at the beginning of each granularity period and will only have a valid result at the end of the granularity period.
Example #5 - RAB CS connection set-up time (Mean)
a) This measurement provides the mean time during each granularity period for a RNC to establish a RAB CS connection.
b) DER (n=1).
c) This measurement is obtained by accumulating the time intervals for each successful RAB establishment between the receipt by the RNC of a RANAP "RAB ASSIGNMENT REQUEST" message to establish a RAB for CS domain, and the first corresponding (based on RAB ID) transmission by the RNC of a RANAP "RAB ASSIGNMENT RESPONSE" message for successfully established RABs over a granularity period using DER, see TS 25.413 [5]. This end value of the time will then be divided by the number of successfully established RABs observed in the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of each granularity period.  
d) Each measurement is an integer value.(in milliseconds).

IETF Collection Method Types 
As part of IETF RFC2578 document, base types for attributes are defined:
3.3.1 Counter32 
The following definition is taken from IETF  RFC2578, section 7.1.6:

“The Counter32 type represents a non-negative integer which  monotonically increases until it reaches a maximum value of 2^32-1 (4294967295 decimal), when it wraps around and starts increasing again from zero.
Counters have no defined "initial" value, and thus, a single value of a Counter has (in general) no information content.  Discontinuities in the monotonically increasing value normally occur at re- initialization of the management system, and at other times as specified in the description of an object-type using this ASN.1 type. If such other times can occur, for example, the creation of an object instance at times other than re-initialization, then a corresponding object should be defined, with an appropriate SYNTAX clause, to indicate the last discontinuity.  Examples of appropriate SYNTAX clause include:  TimeStamp (a textual convention defined in [3]), DateAndTime (another textual convention from [3]) or TimeTicks.
The value of the MAX-ACCESS clause for objects with a SYNTAX clause value of Counter32 is either "read-only" or "accessible-for-notify". A DEFVAL clause is not allowed for objects with a SYNTAX clause value of Counter32.”
Note: Section 7.1.10 “Counter64” has a similar definition.
Example #6 - tcpActiveOpens
OID: 1.2.840.10006.300.43.1.2.2.1.7
Module= 1.3.6.1.2.1.6.5
Base syntax=Counter32
Description= The number of times TCP connections have made a direct transition to the SYN-SENT state from the CLOSED state.|
3.3.2 Gauge32 
The following definition is taken from IETF  RFC2578, section 7.1.7:

The Gauge32 type represents a non-negative integer, which may increase or decrease, but shall never exceed a maximum value, nor fall below a minimum value.  The maximum value can not be greater than 2^32-1 (4294967295 decimal), and the minimum value can not be smaller than 0.  The value of a Gauge32 has its maximum value whenever the information being modeled is greater than or equal to its maximum value, and has its minimum value whenever the information being modeled is smaller than or equal to its minimum value.  If the information being modelled subsequently decreases below (increases above) the maximum (minimum) value, the Gauge32 also decreases (increases).  (Note that despite of the use of the term "latched" in the original definition of this type, it does not become "stuck" at its maximum or minimum value.)
Example #7 - tcpCurrEstab
OID: 1.3.6.1.2.1.6.9
Module= TCP-MIB
Base syntax=  Gauge32
Description= The number of TCP connections for which the current state is either ESTABLISHED or CLOSE- WAIT.


3.3.3 Additional Data Types 
As part of the IETF specification (RFC 2578 section 7.1), several additional data types are defined: INTEGER, integer32, OCTET STRING, OBJECT IDENTIFIER, BITS CONSTRUCT, IpAddress, TimeTicks, Unsigned32, and several composite types.
Their descriptions are not brought here, as it is less relevant to the collection method type context.

TM Forum Collection Method Types 
TM Forum Performance Management does not specify counters. Therefore, its specification of collection method types is based on 3GPP: Counter, Gauge, Status Inspection and Discrete Event Registration.  It has an additional “Delta” collection method type that is not in use.

Comparison of Collection Method Types 
Following is a comparison of the collection method types from the different SDOs. Two collection method types are specified by all SDOs: Counter and Gauge.
Counter
· All SDOs describe the same basic behaviour of a counter being incremented by 1 as a result of some internal event.
· ITU makes a distinction between a non-settable (or simple) counter defined to operate autonomously, i.e. not subject to change by a Management operation, and a settable counter, in contrast, defined to allow setting or resetting by Management operation.
· However, there is an obvious inconsistency in the definition of when the counter is being set/reset. While ITU and ETSI emphasize the reset at the point where the counter has reached its maximum value, 3GPP specifies the reset at the beginning of each granularity period. ITU vaguely allows that, but it does not seem to supply a clear way to distinguish between these two cases.
· As ETSI views a counter as a data type, it makes the technical distinction between a counter of 32 bits to 64 bits.
Gauge
· There is a consensus among the SDOs on the basic behaviour of a gauge, realizing that it describes a value that can be changed along the measurement period.
· Similar to the Counter, there is no clear definition of when a gauge is being reset. This is mentioned only in the 3GPP specification. It might be implicitly assumed that this is applied for a single measurement period.
· Additionally, there is no clear definition of how the gauge value is being taken, whether it is based on a single sample at the end of a granularity period, averaging multiple samples, or by taking a maximum and minimum.
The following collection method types are specific to some SDOs:
Tide-Mark (ITU)
· Being reset at the beginning of each granularity period
· Specific for minimum and maximum logic
· Might be considered as a specific case of a gauge. For the other SDOs it mainly falls under the gauge category.
Status Inspection (3GPP)
· Being reset at the beginning of each granularity period
· Measured only at the end of the granularity period
· Might be considered as a specific case of a gauge
Discrete Event Registration (3GPP)
· Being reset at the beginning of each granularity period
· Measured only at the end of the granularity period
· Every Nth event would be taken into account
· When N=1 this is quite similar to Status Inspection
· When N=1 it might be considered as a specific case of a gauge

Recommendation
Following are several conclusions and recommendations:
· The unified set of collection method types have to include Counter and Gauge as they are the common denominator of the collection method types.
· An additional indication on the timing of the counter reset might be very helpful. This can be achieved either by additional collection method types or by a new property that will specify that. This will eliminate the potential confusion between IETF counters that are being reset only when reaching their maximum and 3GPP counters that are being reset at the beginning of each granularity period. Such a distinction is probably helpful for all collection method types.
· A collection method type for sampled events (such as the 3GPP DER) is useful. The differences between DER and SI have to be further examined.
· The way to express aggregation logic, such as maximum, minimum, mean, or last, has to be discussed.  ITU has a specific collection method type for that. 3GPP & IETF have it as part of the description.





























form change history:
v1.13.1: minor changes resulting from discussions at CT#41 & SA#41
v1.13.0: mods to enforce linkage amongst stages 1, 2, 3
draft mods Scarrone-Meredith 2008-07 ff
v1.12.1: removes revision marks following approval at SP-29
v1.12.0: includes provision for Study Items (SP-29)
v1.11.0: includes those changes from v1.8.0 agreed at SP-25.
	v1.10.0: full circle
v1.9.0: a clean sheet
v1.8.0: includes comments from SA#24 
v1.7.0: includes comments from RAN, CN and T #24; also includes “early implementation” data
v1.6.0: includes comments made during review period prior to TSGs#24
v1.5.0: includes comments made at TSGs#23 (Phoenix)
v1.4.0: offered to SA#23 for approval
v1.3.0: offered to CN#23, RAN#23 and T#23 for comments
DRAFT4 v1.3.0: 2004-03-09: Incorporation of comments from Leaders list
DRAFT3 v1.3.0: 2004-02-19: Incorporation of comments from MCC members
DRAFT2 v1.3.0: 2004-01-29: Complete redraft:
v1.2.0: 2002-07-04: "USIM" box changed to "UICC apps"
2003-05-28: spelling of “rapporteur” corrected
2002-07-04: "USIM" box changed to "UICC apps"

