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Abstract of the contribution: This paper completes solution 30 in TR 23.700-91 for Key Issue #9: Solution to Dispersion Analytics Output provided by NWDAF.
Discussion
[bookmark: _Hlk23857432][bookmark: _Hlk35194637]This paper completes Solution #30 for Key Issue #9: Solution to dispersion analytic output provided by NWDAF.
Dispersion analytics characterizes the interaction of a user, or a group of users, with the network and identifies at what locations (i.e. area of interest, TAs, cell) users dispersed most (if not all) their data volume, transactions (i.e. MM and SM messages), transaction failures, dropped sessions and voice call minutes. The same concept applies to dispersion at a given network slice; at what slice users dispersed most (if not all) their data volume, transactions, transaction failures, dropped sessions and voice call minutes. As part of the characterization, a user or group of users, are evaluated and classified as either fixed users, campers or travelers. This classification is determined per operator’s defined thresholds. For example, if a user disperses most (threshold = 95%) of his/her data volume at a single location, the dispersion data-classification of the user is fixed for that location. On the other hand, the user dispersion data-classification is a traveller if he/she dispersed a very small amount of data volume (e.g. 5%) or as a camper, if he/she dispersed a considerable amount (e.g. 50%) of data volume. In short, each user served by a location is classified into one of three categories for that location depending on the intensity of usage observed at the location. 
In this paper the detailed output analysis information, provided by a NWDAF that supports dispersion analytics, is added to solution 30. It addresses output analysis bound by location(s) and by slice(s). Also, the list of MM and SM transactions and transaction failures that can be used in dispersion analytics is provided. 


******************* FIRST CHANGE   ********************

6.30	Solution #30: Dispersion Analytics output provided by NWDAF
[bookmark: _Toc17145][bookmark: _Toc29775][bookmark: _Toc43393238][bookmark: _Toc18847][bookmark: _Toc42779162][bookmark: _Toc42770106][bookmark: _Toc8087][bookmark: _Toc30417][bookmark: _Toc8271][bookmark: _Toc7509][bookmark: _Toc7983][bookmark: _Toc44004405][bookmark: _Toc44490642]6.30.1	Description
This is a solution for Key Issue #9, Dispersion Analytic Output Provided by NWDAF
Dispersion analytics characterizes the interaction of a user, or a group of users, with the network and identifies at what locations (i.e. area of interest, TAs, cell) users dispersed most (if not all) their data volume, sessions transactions (i.e. MM and SM messages), transaction failures, dropped sessions and voice call minutes. Same concept applies to dispersion at a given network slice; at which slice users dispersed most (if not all) their data, session transactions, transaction failures, dropped sessions and voice call minutes.
As part of the characterization, a user or a group of users, are evaluated and classified as either fixed users, campers or travelers at the Area of Interest. This classification is determined per operator's defined thresholds. For example, if a user disperses, during the period of observation, most (threshold = 95%) of his/her data volume at a single location, the dispersion data-classification of the user is fixed for that location. Likewise, different thresholds are defined for campers and travelers categories at the location.
When the network status indication (NSI) of a location is determined as being congested, as described in TS 23.288 [5] clause 6.8, the PCF can use the dispersion analytics output to determine the fixed users and top campers at the location and update policy decisions, e.g. modifying RFSP for the fixed users and top campers, take an action to reduce the QoS attributes assigned to these top data-dispersing users, thereby relaxing the demand and reducing congestion at that location.
When an AOI is exhibiting multiple transaction failures, dropped sessions and radio link failures, which could be the result of poor coverage or areas with misbehaving or poorly tuned cell, the AMF may allow the use of CE (Coverage Enhancement) in the affected location as described in TS 23.288 [5] clause 6.7.5.3.
Based on collected dispersion informationdata, the NWDAF may generate analytics to identify expected changes in transaction signal loading conditions at an area of interest such as TAs and Registration Areas. Accordingly, various loading factors can be assigned to AMF instances to avoid or mitigate predicted overload conditions.
[bookmark: _Toc42779163][bookmark: _Toc31372][bookmark: _Toc17372][bookmark: _Toc30732][bookmark: _Toc11221][bookmark: _Toc42770107][bookmark: _Toc43393239][bookmark: _Toc9141][bookmark: _Toc10516][bookmark: _Toc17973][bookmark: _Toc30715][bookmark: _Toc44004406][bookmark: _Toc44490643]6.30.1.1	Dispersion definitions
Dispersion - The percentage of activity that a user, or group of users, generated at a location during a period of interest. This enables the operator to rank hot locations by the various activities and identify the top contributors (users) for that activity. When heavy users at a particular location are detected, their QoS attributes, or access to an area of interest or a slice can be limited by the PCF, AMF and NSSF.
-	Data dispersion - The percentage of data traffic volume that a user, or a group of users, generated at the location during the period of interest.
-	Transaction dispersion - The percentage of MM and SM messages that a user, or a group of users, generated at the location during the period of interest.
-	Transaction Failure dispersion - The percentage of failed transactions (MM and SM procedures) that a user, or a group of users, experienced at the location during the period of interest.
-	Dropped Sessions - The percentage of dropped sessions that a user, or a group of users, experienced at the location during the period of interest.
-	Voice Call dispersion - The percentage of voice call minutes a user, or a group of users, used at the location during the period of interest.
Dispersion Classification - Assignment of one of three mobility classes (i.e. fixed, camper, traveller) per dispersion characteristic:
-	Data-Classifications - fixed, camper, traveller data-classification per thresholds assigned by the operator. Example: when a user disperses, during the period of observation, most (threshold = 95%) of his/her data at a single location, the dispersion data-classification of the user at that location is fixed.
-	Transaction-Classifications - fixed, camper, traveller transactions-classifications per thresholds assigned by the operator. Example: when a user disperses, during the period of observation, (threshold=) 40% of his/her session transactions at a single location, the dispersion transaction-classification of the user is camper at that location.
-	Transaction-Failure-Classifications: fixed, camper, traveller transaction-failure-classification per thresholds assigned by the operator. Example: when a user disperses no more than (threshold) =10% of his/her transaction-failures at any single location, the transaction-failure-classification of the user is traveler at any location.
-	Dropped-Call-Classifications - fixed, camper, traveller dropped-calls-classification per thresholds assigned by the operator. Example: when a user disperses (threshold=) 40% of his/her dropped calls at a single location, the dropped-call-classification of the user is camper for that location.
-	Voice-Call-Classifications - fixed, camper, traveller voice-call-classification per thresholds assigned by the operator. Example: when a user disperses, during the period of observation,  no more than (threshold=) 10% of his/her voice talk time (in minutes) at any single location, the dispersion voice-call-classification of the user is traveler for any the location.
[bookmark: _Toc31685][bookmark: _Toc36126598][bookmark: _Toc24525][bookmark: _Toc27823127][bookmark: _Toc43393240][bookmark: _Toc42770108][bookmark: _Toc30723][bookmark: _Toc22503][bookmark: _Toc42779164][bookmark: _Toc19106314][bookmark: _Toc17522][bookmark: _Toc12067][bookmark: _Toc28151][bookmark: _Toc7169][bookmark: _Toc44004407][bookmark: _Toc44490644]6.30.1.2	General
A NWDAF supporting dispersion analytics statistics or predictions shall be able to collect a UE dispersion related information from NFs and to perform analytics to provide dispersion statistics or predictions. Through dispersion analytics, the NWDAF can determine that a data hot spot is formed when the amount of data dispersed by most of the users at the area of interest exceeds a certain data volume threshold established through statistical trending or operator policy. Likewise, the NWDAF can determine that transaction hot spot is formed when the amount of transactions dispersed by heavy users at the area of interest exceeds a certain threshold established through statistical trending or operator policy. Rouge devices generating excessive signalling in an area of interest can be identified by the NWDAF when a signalling storm is detected.
The service consumer may be a NF (e.g. AMF, PCF).
The consumer of dispersion analytics may indicate in its request:
-	Analytics ID set to "UE Dispersion Analytics" and the dispersion analytic type (i.e. DA Type)
-	The Target of analytics reporting which is a single UE, any UE, or a group of UEs.
-	Analytics Filter Information optional list of TA(s), Area(s) of Interest, Cells, or S-NSSAI.
-	An Analytics target period indicating the time period over which the statistics or predictions are requested.
[bookmark: _Toc27823128][bookmark: _Toc19106315]-	In a subscription, the Notification Correlation Id and the Notification Target Address.
[bookmark: _Toc43393241][bookmark: _Toc42779165][bookmark: _Toc5070][bookmark: _Toc8858][bookmark: _Toc22014][bookmark: _Toc4373][bookmark: _Toc8465][bookmark: _Toc13734][bookmark: _Toc36126599][bookmark: _Toc16720][bookmark: _Toc28334][bookmark: _Toc42770109][bookmark: _Toc44004408][bookmark: _Toc44490645]6.30.1.3	Input Data
The NWDAF supporting dispersion analytics shall be able to collect UE dispersion information from NF(s) and AFs. The detailed information collected by the NWDAF could be network data from 5GC including NFs and AFs:
-	Network data related to UE dispersion from 5GC as defined in the Tables 6.30.1.3-1 and 6.30.1.3-2;
Table 6.30.1.3-1: UE dispersion information bound by location collected from NF(s)
	Information
	Source
	Description

	UE ID
	AMF
	SUPI

	Type Allocation Code
	AMF
	Terminal model and vendor information of the UE.

	UE locations (1..max)
	AMF
	UE positions

	   >UE location
	
	Area of Interest (TA or cells that the UE enters)

	   >Timestamp 
	
	A time stamp when the AMF detects the UE enters this location

	   >Data Volume
	SMF
	Amount of data volume exchanged at the location

	   >Transactions count
	SMF, AMF
	Amount of transactions exchanged at the location.

	   >Failed transaction count
	SMF, AMF
	Amount of failed transactions at the location

	   >Voice call duration
	AF
	Voice talk time

	   >Dropped sessions
	SMF
	Amount of dropped (e.g. timed out) PDU sessions



Editor´s note; How SMF and AMF parameters are provided to NWDAF is FFS.
-	Slice data related to UE dispersion from NF(s) as defined in the Table 6.30.1.3-2;
Table 6.30.1.3-2: UE dispersion information bound by slice collected from 5GC
	Information
	Source
	Description

	UE ID
	AMF
	SUPI

	Type Allocation Code
	AMF
	Terminal model and vendor information of the UE

	Slice (1..max)
	AMF
	UE assigned slice

	   >S-NSSAI
	
	Slice (up to 8 per UE at any given instance)

	   >Timestamp 
	
	A time stamp when slice was assigned

	   >Data Volume
	SMF
	Amount of data volume exchanged at the slice

	   >Transactions count
	SMF, AMF
	Amount of transactions exchanged at the slice.

	   >Failed transaction count
	SMF, AMF
	Amount of failed transactions at the slice

	   >Voice call duration
	AF
	Voice talk time at the slice

	   >Dropped sessions
	SMF
	Amount of dropped (e.g. timed out) sessions at the slice



[bookmark: _Toc27823129][bookmark: _Toc19106316]Data collection may be provided on samples (e.g. fixed/camper UEs, spatial subsets of UEs or UE group, temporal subsets of UE location information). For signalling load reduction, collection may focus on fixed and campers.
Editor´s note; How SMF and AMF parameters are provided to NWDAF is FFS.

[bookmark: _Toc11824][bookmark: _Toc42770110][bookmark: _Toc42779166][bookmark: _Toc24055][bookmark: _Toc43393242][bookmark: _Toc18278][bookmark: _Toc29272][bookmark: _Toc1708][bookmark: _Toc21160][bookmark: _Toc30137][bookmark: _Toc36126600][bookmark: _Toc7567][bookmark: _Toc44004409][bookmark: _Toc44490646]6.30.1.4	Output Analytics
The NWDAF supporting dispersion analytics shall be able to provide UE dispersion analytics to consumer NFs or AFs. The dispersion analytics and prediction can be for data, transactions, failed transactions, sessions drop and voice calls.
The list of monitored transactions (MM and SM messages) and failed transactions is a subset of the messages listed in TS 24.501 [14] clauses 8.2 and 8.3. The exact list of reported and failed transactions is provided in subclause 6.30.2 and 6.30.3these subset messages will be provided in a future contribution.
[bookmark: _Toc3213][bookmark: _Toc798][bookmark: _Toc2332][bookmark: _Toc28642][bookmark: _Toc42779167][bookmark: _Toc42770111][bookmark: _Toc26468][bookmark: _Toc17914][bookmark: _Toc6438][bookmark: _Toc25633][bookmark: _Toc44004410][bookmark: _Toc44490647]6.30.1.4.1	Data Dispersion Analysis
The data dispersion analytics results provided by the NWDAF could be UE dispersion statistics as defined in Table 6.30.1.4.1-1 and or UE dispersion predictions as defined in Table 6.30.1.4.1-2: for a location or a slice. The exact format of the provided results, which include dispersed data volume, UE classification and percentile ranking per location within a time slot, will be specified in a future contribution.
Table 6.30.1.4.1-1: Data dispersion statistics bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics

	      >> UE location
	TA or cells where the UE dispersed its data

	      >> Data dispersed
	Data volume dispersed at this location 

	      >> Data classification
	Data mobility classification for this location: fixed, camper, traveller

	      >> Data ranking 
	Percentile ranking of data usage at this location (i.e. % data dispersed at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)



Table 6.30.1.4.1-2: Data dispersion prediction bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Predicted location during the analytics target period

	      >> UE location
	TA or cells where the UE is predicted to disperse its data

	      >> Data dispersion
	Data volume dispersion prediction at this location 

	      >> Confidence
	Confidence of this prediction (i.e. data to be dispersed at this location)

	      >> Data classification
	Data mobility classification for this location: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this location)

	      >> Data ranking 
	Percentile ranking of data usage at this location (i.e. % data dispersed at this location)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)



The data dispersion analytics results provided by the NWDAF could be for a UE or group of UEs dispersion statistics at a given slice as defined in table 6.30.1.4.1-3 and dispersion predictions as defined in Table 6.30.1.4.1-4:

Table 6.30.1.4.1-3: Data dispersion statistics bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Observed slice statistics

	      >> S-NSSAI
	Slice where the UE or group of UEs dispersed data

	      >> Data dispersed
	Data volume dispersed at this slice 

	      >> Data classification
	Data mobility classification for slice: fixed, camper, traveller

	      >> Data ranking 
	Percentile ranking of data usage at this slice (i.e. % data dispersed at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.1-4: Data dispersion prediction bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Predicted slice during the Analytics target period

	      >> S-NSSAI
	Slice where the UE is predicted to disperse its data

	      >> Data dispersion
	Data volume dispersion prediction at this slice

	      >> Confidence
	Confidence of this prediction (i.e. data to be dispersed at this slice)

	      >> Data classification
	Data mobility classification for this slice: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this slice)

	      >> Data ranking 
	Percentile ranking of data usage at this slice (i.e. % data dispersed at this slice)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)



NOTE:	When target of analytics reporting is an individual UE, the NWDAF will provide the dispersion analytics result (i.e. list of (predicted) time slots) to the NF service consumer(s) for the UE.

[bookmark: _Toc42779168][bookmark: _Toc5253][bookmark: _Toc12133][bookmark: _Toc32602][bookmark: _Toc42770112][bookmark: _Toc14891][bookmark: _Toc17211][bookmark: _Toc30644][bookmark: _Toc18310][bookmark: _Toc31168][bookmark: _Toc44004411][bookmark: _Toc44490648]6.30.1.4.2	Transactions Dispersion Analysis
The transaction (MM and MS messages) dispersion analytics results provided by the NWDAF could be UE dispersion statistics as defined in Table 6.30.1.4.2-1 or UE dispersion predications as defined in Table 6.30.1.4.2-2:  for a location or a slice. The exact format of the provided results, which include dispersed transactions count, UE classification and percentile ranking per location within a time slot, will be specified in a future contribution.
Table 6.30.1.4.2-1: Transaction dispersion statistics bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics

	      >> UE location
	TA or cells where the UE dispersed its transactions

	      >> Transaction dispersed
	Transactions volume dispersed at this location 

	      >> Transaction classification
	Transactions mobility classification for this location: fixed, camper, traveller

	      >> Transaction ranking 
	Percentile ranking of transactions volume at this location (i.e. % transaction dispersed at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.2-2: Transaction dispersion prediction bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Predicted location during the analytic target period

	      >> UE location
	TA or cells where the UE is predicted to disperse its transactions 

	      >> Transaction dispersion
	Transaction volume predicted to be dispersed at this location 

	      >> Confidence
	Confidence of this prediction (i.e. data to be dispersed at this location)

	      >> Transaction classification
	Transaction mobility classification for this location: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this location)

	      >> Transaction ranking 
	Percentile ranking of transactions at this location (i.e. % transaction dispersed at this location)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




The transaction dispersion analytics results provided by the NWDAF could be UE or group of UEs dispersion statistics at a given slice as defined in Table 6.30.1.4.2-3 and dispersion predictions as defined in Table 6.30.1.4.2-4:

Table 6.30.1.4.2-3: Transaction dispersion statistics bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Observed slice statistics

	      >> S-NSSAI
	Slice where the UE or group of UEs dispersed its transactions

	      >> Transaction dispersed
	Transactions volume dispersed at this location 

	      >> Transaction classification
	Transaction mobility classification for slice: fixed, camper, traveller

	      >> Transaction ranking 
	Percentile ranking of transactions at this slice (i.e. % transaction dispersed at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.2-4: Transaction dispersion prediction bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Predicted slice during the Analytics target period

	      >> S-NSSAI
	Slice where the UE is predicted to disperse its transactions

	      >> Transaction dispersion
	Transaction volume to be dispersed at this slice

	      >> Confidence
	Confidence of this prediction (i.e. transactions to be dispersed at this slice)

	      >> Transaction classification
	Transaction mobility classification for this slice: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this slice)

	      >> Transaction ranking 
	Percentile ranking of transactions at this slice (i.e. % transaction dispersed at this slice)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)





NOTE:	When target of analytics reporting is an individual UE, the NWDAF will provide the dispersion analytics result (i.e. list of (predicted) time slots) to the NF service consumer(s) for the UE.

[bookmark: _Toc1764][bookmark: _Toc42770113][bookmark: _Toc31336][bookmark: _Toc9625][bookmark: _Toc16908][bookmark: _Toc42779169][bookmark: _Toc14261][bookmark: _Toc32082][bookmark: _Toc20578][bookmark: _Toc15453][bookmark: _Toc44004412][bookmark: _Toc44490649]6.30.1.4.3	Transactions Failure Dispersion Analysis
Transaction failures dispersion analytics is a metric geared to identify fragile points of contact in the network that are impacting UEs. These could be areas of poor coverage The transactions failures (MM and MS failed procedures) dispersion analytics results provided by the NWDAF could be UE dispersion statistics as defined in Table 6.30.1.4.3-1 or UE dispersion predication as defined in Table 6.30.1.4.3-2: for a location or a slice. The exact format of the provided results, which include dispersion of failed transactions count, UE classification and percentile ranking per location within a time slot, will be specified in a future contribution.
Table 6.30.1.4.3-1: Transaction failure dispersion statistics bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics

	      >> UE location
	TA or cells where the UE dispersed its transactions failures

	      >> Transaction failure dispersed
	Transactions failures dispersed at this location 

	      >> Transaction failure classification
	Transactions failures mobility classification for this location: fixed, camper, traveller

	      >> Transaction failure ranking 
	Percentile ranking of transaction failures at this location (i.e. % transaction failure dispersed at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.3-2: Transaction failure dispersion prediction bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Predicted location during the analytic target period 

	      >> UE location
	TA or cells where the UE is predicted to disperse its transaction failures

	      >> Transaction failure dispersion
	Transaction failure predicted to be dispersed at this location 

	      >> Confidence
	Confidence of this prediction (i.e. data to be dispersed at this location)

	      >> Transaction failure classification
	Transaction failure mobility classification for this location: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this location)

	      >> Transaction failure ranking 
	Percentile ranking of transaction failures at this location (i.e. % transaction failures dispersed at this location)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




The transaction dispersion analytics results provided by the NWDAF could be UE or group of UEs dispersion statistics at a given slice as defined in table 6.30.1.4.3-3 and dispersion predictions as defined in Table 6.30.1.4.3-4:

Table 6.30.1.4.3-3: Transaction failure dispersion statistics bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Observed slice statistics

	      >> S-NSSAI
	Slice where the UE or group of UEs dispersed transaction failures

	      >> Transaction failure dispersed
	Volume of transaction failures dispersed at this location 

	      >> Transaction failure classification
	Transaction failures mobility classification for slice: fixed, camper, traveller

	      >> Transaction failure ranking 
	Percentile ranking of transaction failures volume at this slice (i.e. % transaction failures dispersed at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.3-4: Transaction failure dispersion prediction bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Predicted slice during the Analytics target period 

	      >> S-NSSAI
	Slice where the UE is predicted to disperse its transaction failures

	      >> Transaction failure dispersion
	Prediction of transaction failures dispersion at this slice

	      >> Confidence
	Confidence of this prediction (i.e. transactions to be dispersed at this slice)

	      >> Transaction failure classification
	Transaction failure mobility classification for this slice: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this slice)

	      >> Transaction failure ranking 
	Percentile ranking of transaction failures at this slice (i.e. % transaction failure dispersed at this slice)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




NOTE:	When target of analytics reporting is an individual UE, the NWDAF will provide the dispersion analytics result (i.e. list of (predicted) time slots) to NF service consumer(s) for the UE.
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Dropped sessions, or sessions time outs, are non-graceful PDU sessions termination. 
Dropped sessions dispersion analytics is a metric geared to identify fragile points of contact in the network that are impacting UEs. These could be areas of poor coverage The dropped sessions dispersion analytics results provided by the NWDAF could be UE dispersion statistics as defined in Table 6.30.1.4.5-1 or UE dispersion predictions as defined in Table 6.30.1.4.5-2: for a location or a slice. The exact format of the provided results, which include dispersion of dropped sessions count, UE classification and percentile ranking per location within a time slot, will be specified in a future contribution.
Table 6.30.1.4.5-1: Dropped sessions dispersion statistics bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics

	      >> UE location
	TA or cells where the UE dispersed its dropped sessions

	      >> Dropped Sessions dispersed
	Dropped sessions dispersed at this location 

	      >> Dropped sessions classification
	Dropped sessions mobility classification for this location: fixed, camper, traveller

	      >> Dropped sessions ranking 
	Percentile ranking of dropped sessions at this location (i.e. % dropped sessions dispersed at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.5-2: Dropped sessions dispersion prediction bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Predicted location during the analytics target period

	      >> UE location
	TA or cells where the UE is expected to disperse its dropped sessions

	      >> Dropped Session dispersion
	Predicted dropped sessions dispersion at this location 

	      >> Confidence
	Confidence of dropped sessions prediction at this location

	      >> Dropped Sessions classification
	Dropped sessions mobility classification for this location: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this location)

	      >> Dropped Sessions ranking 
	Percentile ranking of dropped sessions at this location (i.e. % dropped sessions dispersed at this location)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




The dropped sessions dispersion analytics results provided by the NWDAF could be UE or group of UEs dispersion statistics at a given slice as defined in table 6.30.1.4.5-3 and dispersion predictions as defined in Table 6.30.1.4.5-4:

Table 6.30.1.4.5-3: Dropped sessions dispersion statistics bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Observed slice statistics

	      >> S-NSSAI
	Slice where the UE or group of UEs dispersed data

	      >> Dropped sessions
	Dropped sessions dispersed at this slice 

	      >> Dropped session classification
	Dropped session mobility classification for slice: fixed, camper, traveller

	      >> Dropped sessions ranking 
	Percentile ranking of dropped sessions at this slice (i.e. % dropped sessions at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.5-4: Dropped sessions dispersion prediction bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Predicted slice for dropped sessions during the analytics target period 

	      >> S-NSSAI
	Slice where the UE is predicted to disperse its dropped sessions

	      >> Dropped sessions dispersion
	Predicted dropped sessions to be dispersed at this slice

	      >> Confidence
	Confidence of this prediction (i.e. transactions to be dispersed at this slice)

	      >> Dropped sessions classification
	Dropped sessions mobility classification for this slice: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this slice)

	      >> Dropped session ranking 
	Percentile ranking of predicted dropped sessions at this slice (i.e. % dropped sessions dispersed at this slice)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)



NOTE:	When target of analytics reporting is an individual UE, the NWDAF will provide the dispersion analytics result (i.e. list of (predicted) time slots) to NF service consumer(s) for the UE.
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The voice call dispersion analytics results provided by the NWDAF could be UE voice calls minutes dispersion statistics as defined in table 6.30.1.4.6-1 or UE voice calls minutes dispersion predictions as defined in Table 6.30.1.3.6-2: for a location or a slice. The exact format of the provided results, which include dispersion of voice call minutes, UE classification and percentile ranking per location within a time slot, will be specified in a future contribution.
Table 6.30.1.4.6-1: Voice calls dispersion statistics bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Observed location statistics

	      >> UE location
	TA or cells where the UE dispersed its voice calls

	      >> Voice calls minutes dispersed
	Voice calls minutes dispersed at this location 

	      >> Voice calls classification
	Voice calls mobility classification for this location: fixed, camper, traveller

	      >> Voice calls ranking 
	Percentile ranking of voice calls minutes at this location (i.e. % voice calls minutes dispersed at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)



Table 6.30.1.4.6-2: Voice calls dispersion prediction bound by location
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > UE location (1..max)
	Predicted location for dispersed voice call

	      >> UE location
	TA or cells where the UE predicted to disperse its voice calls

	      >> Voice calls dispersion
	Voice calls minutes predicted to be dispersed at this location 

	      >> Confidence
	Confidence of this prediction (i.e. data to be dispersed at this location)

	      >> Voice calls classification
	Voice call mobility classification for this location: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this location)

	      >> Voice calls ranking 
	Percentile ranking of voice calls minutes to be dispersed at this location (i.e. % voice calls minutes dispersed at this location)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this location)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




The voice calls dispersion analytics results provided by the NWDAF could be UE or group of UEs dispersion statistics at a given slice as defined in table 6.30.1.4.6-3 and dispersion predictions as defined in Table 6.30.1.4.6-4:

Table 6.30.1.4.6-3: Voice calls dispersion statistics bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of time slots during the Analytics target period

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Observed slice statistics

	      >> S-NSSAI
	Slice where the UE or group of UEs dispersed voice call minutes

	      >> Voice calls dispersion
	Voice calls minutes dispersed at this slice

	      >> Voice calls classification
	Voice calls Mobility classification at this slice: fixed, camper, traveller

	      >> Voice calls ranking 
	Percentile ranking of voice calls minutes at this slice (i.e. % voice calls minutes dispersed at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




Table 6.30.1.4.6-4: Voice calls dispersion prediction bound by slice
	Information
	Description

	UE group ID or UE ID
	Identifies a UE or a group of UEs, e.g. internal group ID defined in TS 23.501 [2] clause 5.9.7, SUPI (see NOTE).

	Time slot entry (1..max)
	List of predicted time slots

	  > Time slot start
	Time slot start within the Analytics target period

	  > Duration
	Duration of the time slot

	  > Slice (1..max)
	Predicted slice during the Analytics target period

	      >> S-NSSAI
	Slice where the UE or group of UEs are predicted to disperse voice call minutes

	      >> Voice calls dispersion
	Voice calls minutes predicted to be dispersed at this slice

	      >> Confidence
	Confidence of this prediction (i.e. voice calls minutes at this slice)

	      >> Voice calls classification
	Voice calls mobility classification for this slice: fixed, camper, traveller

	      >> Confidence
	Confidence of this prediction (i.e. mobility classification at this slice)

	      >> Voice calls ranking 
	Percentile ranking of voice calls dispersion at this slice (i.e. % voice calls minutes dispersed at this slice)

	      >> Confidence
	Confidence of this prediction (i.e. percentile ranking at this slice)

	      >> Ratio
	Percentage of UEs in the group (in case of UE group)




NOTE:	When target of analytics reporting is an individual UE, the NWDAF will provide the dispersion analytics result (i.e. list of (predicted) time slots) to NF service consumer(s) for the UE.
************* SECOND CHANGE **************************
6.30.2	Monitored Transactions

The following are the session and mobility procedures and/or messages monitored by transaction dispersion analytics where the procedures or messages tally is reported by the AMF and SMF. These include the following messages listed in table 6.30.2-1 and 6.30.2-2. 
Table 6.30.2-1: SM procedure/messages 
	5GS Session Management Message
	Reference
3GPP TS 23.502 [3]
	Reference
(3GPP TS 24.501 [x])

	Session est, procedure: PDU session establishment accept
	4.3.2.2
	8.3.2

	Session est. procedure: PDU session establishment reject
	4.3.2.2
	8.3.3

	Auth procedure: PDU session authentication complete
	4.3.2.3
	8.3.5

	Auth procedure: PDU session authentication result
	4.3.2.3
	8.3.6

	Session mod. procedure: PDU session modification reject
	4.3.3
	8.3.8

	Session mod procedure: PDU session modification command
	4.3.3
	8.3.9

	Session Rel procedure: PDU session release reject
	4.3.4
	8.3.13

	Session Rel procedure: PDU session release command
	4.3.4
	8.3.14



Table 6.30.2-2: MM procedure/messages 
	5GS Mobility Management Messages
	Reference
3GPP TS 23.502 [3]
	Reference
(3GPP TS 24.501 [X])

	Authentication procedure: Authentication request
	
	8.2.1

	Authentication procedure: Authentication results
	
	8.2.3

	Authentication procedure: Authentication Reject
	
	8.2.5

	Registration procedure: Registration accept
	4.2.2.2
	8.2.7

	Registration procedure: Registration Reject
	4.2.2.2
	8.2.9

	De-reg procedure: De-registration accept (UE originated)
	4.2.2.3
	8.2.13

	De-Reg procedure: De-registration request (UE terminated)
	4.2.2.3
	8.3.14

	Service Req procedure: Service accept
	4.2.3
	8.2.17

	Service Req procedure: Service reject
	4.2.3
	8.2.18

	UE Config procedure: Configuration update command
	4.2.4
	8.2.19

	Reg management procedure: Identity request
	4.2.2
	8.2.21

	Reg management procedure: Security mode command
	4.2.2
	8.2.25

	Network slice-specific authentication command
	4.2.9
	8.2.31

	Network slice-specific authentication result
	4.2.9
	8.2.33



********  THIRD CHANGE  *************************
6.30.3	Monitored Transaction Failures

The following are the session and mobility procedures and/or messages monitored by transaction failure dispersion analytics where the procedure or message tally is reported by the AMF and SMF. These include the following messages listed in table 6.30.3-1 and 6.30.3-2. 

Table 6.30.3-1: SM procedure/messages 
	5GS Session Management Message
	

	


	Session est. procedure: PDU session establishment reject
	
	

	Session est. procedure: PDU session modification reject
	
	

	Session mod procedure: PDU session modification command reject
	
	

	Session Release procedure: PDU session release reject
	
	



Table 6.30.3-2: MM procedure/messages 
	5GS Mobility Management Messages
	

	


	Authentication procedure: Authentication Failure
	
	

	Registration procedure: Registration Reject
	
	

	Service Req procedure: Service reject
	
	

	Authentication procedure: Security mode reject
	
	

	Network slice-specific authentication result (failure)
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The NWDAF can provide UE dispersion analytics, in the form of statistics or predictions or both, to another NF. If the NF is an AF, and when the AF is untrusted, the AF will request analytics via the NEF, and the NEF will then convey the request to the NWDAF.


Figure 6.30.2-1: UE Dispersion Analytics provided to an NF
1.	The NF sends a request to the NWDAF for dispersion analytics on a specific UE, any UE, or a group of UEs, using either the Nnwdaf_AnalyticsInfo or Nnwdaf_AnalyticsSubscription service. The NF can request statistics or predictions or both. The type of analytics is set to UE Dispersion Analytics, the dispersion analytic (DA) type combination (i.e. data volume, transactions, transactions failure, dropped calls, voice minutes) and analytic filter information = (Area of Interest, slice, target period). The NF provides the UE id or Internal Group ID in the Target of Analytics Reporting.
2.	If the request is authorized, and in order to provide the requested analytics, the NWDAF may subscribe to events with all the serving AMFs, SMFs of the requested UE(s) for notification of location changes or a slice change (a slice change can be an additional slice or a deletion). This step may be skipped when e.g. the NWDAF already has the requested analytics available.
	The NWDAF subscribes to voice service data from AF(s) by invoking Naf_EventExposure_Subscribe service or Nnef_EventExposure_Subscribe (if via NEF).
NOTE:	The NWDAF determines the AMF serving the UE, any UE, or the group of UEs as described in TS 23.288 [5] clause 6.2.2.1.
3.	The NWDAF derives requested analytics.
4.	The NWDAF provides requested UE dispersion analytics to the NF, using either the Nnwdaf_AnalyticsInfo_Request Response or Nnwdaf_AnalyticsSubscription_Notify, depending on the service used in step 1. The details for UE dispersion analytics provided by NWDAF are described in clause 6.30.1.4. The provided analytics enables the consumer to predict changing network conditions such as data volume change at a location or a slice, signalling storm conditions at a location or a slice, etc.
5-6.	If at step 1, the NF has subscribed to receive notifications for UE dispersion analytics, after receiving event notification from the AMFs (e.g. location change) or SMFs (e.g. slice change add/delete) subscribed by NWDAF in step 2, the NWDAF may generate new dispersion analytics
7.	The NWDAF provides the newly generated dispersion analytics to the NF. The details for UE dispersion analytics provided by NWDAF are described in clause 6.30.1.4.
********** FOURTH CHANGE *******
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In this procedure the NSSF subscribes to receive slice load analytics based on data rate quota and/or amount of data volume dispersed at the slice per a given period either as statistical information and/or predication. With a data volume loading information, the NSSF can decide when to stop admitting heavy users into a particular slice. The NSSF may decide to allow just travellers additions to a loaded slice and redirect fixed and camper data users to a different slice.
NOTE:	If the NSSF is not deployed, another 5GC NF (e.g. AMF and/or SMF) may subscribe to the slice dispersion data analytics information to assist with load mitigation policy.
Editor's note:	An alignment may be required with Solution #2, once KI#4 is concluded, toExact procedure details to provide dispersion analytics information based to assistance to the slice load distribution steps of Solution #2 when a new UE initiates registration on a loaded or restricted slice. is FFS.
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In this procedure upon notification of user plan data congestion in an area of interest, either by OEM or other NFs (see TS 23.288 [5] clause 6.8), the PCF requests the NWDAF to report the data dispersion analytics of heavy user located at the congested area of interest. This information is derived from the amount of data volume dispersed at that location by the heavy users either as statistical information and/or predication. With this data volume dispersion analytics and users rankings at the location, the PCF can decide which heavy users (fixed and campers) should have a policy update that may help on leading to a reduction of their data consumption and the data volume demand at the location. A policy update may involve the re-calculation and update of the authorized QoS for service data flow template as described in TS 23.503 clause 6.1.1.3, RFSP update and/or service area restriction.






Figure 6.30.4-1: Procedure for User Data Congestion Mitigation
1-5.	User data congestion at an area of interest is reported to all the PCFs per steps 1 through 5 in TS 23.288 [5] procedure 6.8.4. [Note 2]
6.	The PCFs areis requesting a data volume dispersion analysis from the NWDAF
7.	Per statistical information and/or prediction, the NWDAF derives and rank the fixed and camping data volume users at the requested area of interest.
8.	The NWDAF reports the estimated top data volume users and their data usage ranking at the area of interest to the PCFs.
9.	Based on the NWDAF provided data of the top data volume users, the PCFs decides to apply a policy change to certain reported UEs under their control
10.	The PCFs performs AM or SM policy associated modification to the UEs under their control as described in TS 23.502 [3] clause 4.16.5.2. A policy update may involve the re-calculation and update of the authorized QoS for service data flow template as described in TS 23.503 clause 6.1.1.3, RFSP update and/or service area restriction.
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PCF impact:
1)	Subscribe for UE dispersion analytics/prediction from the NWDAF.
NSSF impact:
2)	Subscribe for UE dispersion analytics/prediction from the NWDAF.
[bookmark: _Hlk49469484]SMF impact:
3)	Subscribe for UE dispersion analytics/prediction from the NWDAF.
4)	Provide data volume information for a UE at a given slice and at a specified time period.
5)	Provide a tally of SM transactions information for a UE at a given slice and specified time period.
6)	Provide a tally of SM transaction failure information for a UE at a given slice and specified time slot.
7)	Provide a tally of dropped sessions information for a UE at a given slice and specified time slot.
Editor´s note: How this tally is provided is FFS, and which procedures are used, either AMF or SMF services or OAM is FFS.

AMF impact:
8)	Subscribe for UE dispersion analytics/prediction from the NWDAF.
9)	Provide a tally of MM transactions information for a UE at a given slice and specified time period.
10)	Provide a tally of MM transaction failure information for a UE at a given slice and specified time slot.
Editor´s note: How this tally is provided is FFS, and which procedures are used, either AMF or SMF services or OAM is FFS.

AF impact:
11)	Provide aggregated voice calls minutes at a specified slice and time slot.
NWDAF impact:
12)	Support Type of analytics = UE dispersion analytics and provide UE dispersion analytics information, statistics and prediction.
13)	Collect UE dispersion information from AMF, SMF, AF.
NOTE 1:	UE volume information is available at the SMF through its interaction with the CHF as described in TS 32.255 [15] clauses 5.1.2 and 5.1.3.
NOTE 2:	UE Voice call minutes are available at voice AFs.


************* END OF CHANGES **************************
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