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Abstract of the contribution: Proposal of an optional generic” Recommendation” service, offered by the NWDAF.
Discussion

The “Key issue #1: Network Data Analytics feedback” (proposed in TR 23.791 rev 4) states that the NWDAF providing analytic information to facilitate the NF for decision making. The analytic information may be requested and/or provided prior to or after UE registration or a PDU session establishment.

As a basic service, the NWDAF shall produce analytics, and optionally predictions about system KPIS.

1. Analytics are statistical computations of KPIs related to the past, elaborated thanks to past metrics or raw data, provided by data producers (e.g. NF, AF)

2. Predictions are statistical computations of KPIs related to the future, using various techniques of trend analysis on the same metrics and raw data, which permit to determine what should be the future KPI values.

Using these two basic service elements, the consumers of NWDAF services (NFs, AFs) are able to dynamically derive a strategy to optimize their own service rendition. However, such derivation process may result in additional complexity in NFs. Therefore, in complement to analytics and predictions, the present solution proposes a “Recommendation” service on the NWDAF in order to better assist NFs in the elaboration of their strategy.

The assets of such “Recommendation” service are to take full benefit of the NWDAF computation capacities (e.g. artificial intelligence, machine learning, storage), and also to obtain in the end more consistent strategies for NFs and AFs due to the central position of the NWDAF which provides global network knowledge.

The recommendations are decision support data for NF, more relevant than basic analytics or predictions.
The various recommendations types should depend on each domain (e.g. subscription, mobility, etc.). However, the service interface should strive at offering generic service operations, but with specific parameters (operations and primitives) tailored to each recommendation type. 

The service should offer flexible models of operations, both request/response and subscribe/notify.

Proposal
The following defines the proposed Recommendation service.
**** Change ****
4
Architecture Assumptions

4.1
General

The following architectural assumptions are applicable for all potential solutions:
1
The NWDAF (Network Data Analytics Function) as defined in TS 23.503 [4] is used for data collection and data analytics in centralized manner. An NWDAF may be used for analytics for one or more Network Slice.

2
For instances where certain analytics can be performed by a 5GS NF independently, a NWDAF instance specific to that analytic maybe collocated with the 5GS NF. The data utilized by the 5GS NF as input to analytics in this case should also be made available to allow for the centralized NWDAF deployment option.

3
5GS Network Functions and OAM decide how to use the data analytics provided by NWDAF to improve the network performance.

4
NWDAF utilizes the existing service based interfaces to communicate with other 5GC Network Functions and OAM.

5
A 5GC NF may expose the result of the data analytics to any consumer NF utilizing a service based interface.

6
The interactions between NF(s) and the NWDAF take place in the local PLMN (the reporting NF and the NWDAF belong to the same PLMN).

7
Solutions shall neither assume NWDAF knowledge about NF application logic. The NWDAF may use subscription data but only for statistical purpose.
**** Next  Change (all new text) ****
6.X
Solution X: Recommendations produced by NWDAF
6.X.1
Description

6.X.1.1
Service principles

This solution addresses Key issue #1: Network Data Analytics feedback ".

The NWDAF offers a Recommendation service in order to propose recommendations (parameter values) to NFs. 
The use of the recommendation service by an NF is optional.
The purpose of the service is to better assist some NFs in the elaboration of its strategy, in certain use cases.

Each NF may request the NWDAF Recommendation service for instance in case its decision may impact other NFs behaviours.
Each type of recommendations belongs to a given domain (e.g. registration, reachability, mobility, service and application, forwarding, routing, roaming, security, resilience). There may different types of recommendations per domain.

The NWDAF apart from providing statistical/prediction information, shall not intervene in the area of responsibility of each NF, which shall remain solely responsible for its decisions. The NFs may additionally coordinate their decisions with other NFs.
Editor’s note:
it is FFS how NWDAF can provide recommendations without having to run application (NF) logic and to know NF application related information such as subscription data.

After receiving a recommendation that the NF has requested, the NF shall then, according to its own criteria 
(for example applicative and business criteria), make its optimal choice within its area of responsibility.

The NF consumers of the NWDAF Recommendation service are fully in charge of all decisions concerning their own tuning. As a consequence, they should be able to operate with good performance in most situations, even in case of NWDAF absence or failure.
The NWDAF should strive to ensure consistency in its recommendations, taking into account the previous recommendations performed across the different domains and the other NFs, in order to avoid conflicted decisions.

6.X.1.2
Service definition

The NWDAF should expose a generic service interface NWDAF_RecommendationService offering the following operations.

	Operations
	Description of each operation of the Recommendation Service 

	Subscribe
	Subscription to a recommendation

	Unsubscribe
	Cancel of a previous subscription

	Notify
	Notification of a recommendation to the consumer NF

	Request
	Request to a recommendation



The Recommendation service proposes pre-computed vectors of optimal parameter recommended values to NFs. 
A parameter recommended value is a single value or a range, for possible integration in the rules of the consumer NF.

Each consumer NF shall provide in input, for a given type of recommendation, the target objects that are related to the parameter recommend values that will be derived. The NF may impose computational constraints (e.g. ranges of parameters to explore) on the results. 

The NWDAF in return shall provide, for each requested recommendation, a list of one or more suggested parameter combinations. For instance, these combinations can be lists of candidate QoS dedicated parameters, or lists of candidate UPFs for selection..
Each combination is a vector of recommended parameter values, possibly with associated impacts (predicted KPIs) and a preference order, consistent between different domains.
6.X.1.3
Recommendations Subscribe/Unsubscribe

This procedure is used by any NF service consumer to subscribe/unsubscribe at NWDAF and to be notified of recommendation information.
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Figure 6.X.1.3-1: NWDAF Recommendations Subscribe/Unsubscribe/Notify
1.
The NF service consumer subscribes to or cancels subscription to recommendations by invoking the Nnwdaf_Recommendation_Subscribe or Nnwdaf_ Recommendation _Unsubscribe service operation.

2.
If NF service consumer has subscribed to recommendations, the NWDAF notifies the NF service consumer with the recommendations by invoking Nnwdaf_ Recommendation _Notify service operation.

6.X.1.4
Recommendations Request

This procedure is used by the NF service consumer (e.g. UDM, AMF, SMF, PCF) to request and get from NWDAF recommendations, using Nnwdaf_Recommendations_Request.
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Figure 6.X.1.4-1: NWDAF Recommendations Request and Response
1.
The NF service consumer requests recommendations by invoking Nnwdaf_Recommendations_Request service operation.

2.
The NWDAF responds with recommendations to the NF service consumer.
6.X.1.5
Contents of subscribe and request operations
In addition to basic SBI parameters defined in TS 29.520, the requests or the subscription should contain:

-
The desired recommendation on a given domain, expressed as a recRequirement object
Editor's note:
How to define input parameters provided in the recommendation request is FFS. Especially considering that NWDAF is an entity to provide statistics / prediction and is not assumed to run NF logic.
-  Observation period [F1..F2] in the future on which recommendations are requested

-
Maximum tolerable delay for the provision of the recommendations
Editor's note: The possibility of subscribing to periodic notifications is left for further study.
-
Optional preferences on recommendations 
Editor's note: whether preferences on recommendations (e.g. algorithms used, number of iterations, authorization of using subsets or samples in order to reduce computation time) are provided and the parameters regarding to the preferences on analytics/predictions is left for further study.
-
Filters: already defined in Solution #1 to Key Issue#1
A recRequirement object is composed of:

· the recommendation registered ID in the given domain
· optional constraints per requested parameter, expressed as parameter ranges

Editor's note: The possibility of subscribing simultaneously to multiple recommendations is left for further study.

6.X.1.6
Contents of notifications and responses

In addition to the basic SBI parameters defined in TS 29.520, the response to Request or the notification should contain:

-
Identification of the Request /Subscribe operation,
-
Optional confidence score on recommendations, 

-
Possible limitations on the observation period and requested delay,
-
Recommendations: candidate recommendations relevant for the observation period, expressed as an array of elementary recommendation objects recResult 

Each recResult is a composed of:

· Reference to the recommendation registered ID in the recommendation domain
· The vector of tagged parameter recommended values or value ranges, 
· Optionally: the associated impacts (a set of predicted analytics) if the parameters are chosen 

· Optionally: a preference order in order to suggest a preference among the various recResult objects
A recommended parameter may belong to the following categories.
	Parameters categories
	Example of parameters 

	Time
	Periodic registration timer, back-off timers

	QoS
	QoS profiles

	NF
	Identification of proposed UPF

	Load
	Load reduction ratio

	UEs
	Identification of UEs suspected of performing a security attack

	Location
	List of relevant TA for the UE  e.g. for paging or mobility restriction

	Activity
	Handover/No handover, blacklist UEs



Each parameter should have a clearly defined semantic and format, and should typically be defined in a 3GPP standard.

Editor's note: the exact definition of parameter types is for further study 

The NWDAF may return an error if the parameters (in immediate response to subscription or request), or the traffic conditions do not permit to deliver relevant recommendations in due time. It may also return, in case of error, limitations of requested observation period and tolerable delay. It may also return, in case of coordination between different recommendations, the action it should take to use the response (wait a delay, wait for an event of another domain, …).

6.X.2
Impacts on Existing Nodes and Functionality
Editor's note:
Capture impacts on existing 3GPP nodes and functional elements.
6.X.3
Solution Evaluation

Editor's note:
Use this section for evaluation at solution level.
**** End of Changes ****
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