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Abstract of the contribution: This paper introduces a solution for Key Issue #2: Multiple NWDAF instances.
Introduction
This paper introduces a solution for Key Issue #2: Multiple NWDAF instances.

When multiple instances of NWDAF is deployed in a network, following factors are defined in 23.501 R16 for the NWDAF discovery utilize NRF:
-
S-NSSAI.

-
Analytics ID(s).

-
NWDAF Serving Area information, i.e. list of TAIs for which the NWDAF can provide analytics.

While in 23.288 also specified:
NOTE 2:
NWDAF instance(s) can be collocated with a 5GS NF.

When an NWDAF is collocated with a NF, it may only serve the NF itself, i.e. collect data from the NF and performs analytics for the NF or for UEs registered in the NF. This kinds of NWDAF, we call it collocated NWDAF, if it also use S-NSSAI/ Analytics ID/ service area to register with NRF, when a consumer discovers a collocated NWDAF via NRF, the consumer doesn’t know the NWDAF only support the analytics for a specific NF, this may introduce a mistake analytics result or unnecessary signaling interactions.
In this contribution we focus on the deployment, registration, discovery related to the collocated NWDAF(s). We propose two-level hierarchical NWDAF architecture. As shown in the figure below.

The 1st level NWDAF is the common NWDAF. i.e. the NWDAF not collocated with NF. The common NWDAF register with NRF using the current factors defined in 23.501, i.e. S-NSSAI/ Analytics ID/ service area. NWDAF service consumer could discover the 1st level NWDAF via NRF. Each 1st level NWDAF could cover 0…n 2nd level NWDAFs.
The 2nd level NWDAF is the collocated NWDAF. i.e. the NWDAF collocated with a NF, it only serves the NF itself. The 2nd level NWDAF doesn’t register with NRF, it can’t be discovered by a NWDAF service consumer directly via NRF. But each 2nd level NWDAF will register to at least one 1st level NWDAF. E.g. a 2nd level NWDAF which support analytics ID [a,b] but only serve a specific NF may register itself to a 1st level NWDAF supporting analytics a and another 1st level NWDAF supporting analytics b. 
When NWDAF service consumer discover a 1st level NWDAF via NRF, the NWDAF service consumer subscribe to the 1st level NWDAF for analytics, the 1st level NWDAF could further subscribe to the 2nd level NWDAF(s) for help. 
Moreover, some of 2nd level NWDAFs may be providing different type of analytics but can help each other, if they registered with the same 1st level NWDAF, the 1st level NWDAF could control the cooperation between different 2nd level NWDAFs.

[image: image1.emf]1

st

 level 

NWDAF

NRF NWDAF service 

Consumer

1

st

 level 

NWDAF

1

st

 level 

NWDAF

1

st

 level 

NWDAF

1

st

 level 

NWDAF

ĂĂ

2

nd

 level 

NWDAF

2

nd

 level 

NWDAF

2

nd

 level 

NWDAF

2

nd

 level 

NWDAF

ĂĂ

NF NF NF NF

Figure 1
It is proposed to capture the following as part of TR 23.700-91.
********************************************Start of changes***********************************
6.X
Solution X: Two-level Hierarchical NWDAFs Architecture
6.X.1
Description
This is a solution for Key Issue #2, Multiple NWDAF instances.

As illustrated in Figure 6.x.1-1, a two-level hierarchical NWDAFs Architecture is proposed. 
The 1st level NWDAF is common NWDAF. i.e. there’s no limitation for the NF(s) the NWDAF could serve. The common NWDAF register with NRF using the current factors defined in 23.501, i.e. S-NSSAI/ Analytics ID/ service area. NWDAF service consumer could discover the 1st level NWDAF via NRF. Each 1st level NWDAF could cover 0…n 2nd level NWDAFs. 
The 2nd level NWDAF could be a collocated NWDAF or a NWDAF serves several specific NFs. The 2nd level NWDAF doesn’t register with NRF, it can’t be discovered by a NWDAF service consumer directly via NRF. Each 2nd level NWDAF will register to at least one 1st level NWDAF. E.g. a 2nd level NWDAF which support analytics ID a and analytics ID b but only serve a specific NF may register itself to a 1st level NWDAF supporting analytics a and another 1st level NWDAF supporting analytics b.
Editor's note:
Whether similar functionality can be achieved via existing NRF mechanisms is FFS.
Editor's note:
How to address 2nd level NWDAF life cycle events is FFS.
When NWDAF service consumer discovers a 1st level NWDAF via NRF, the NWDAF service consumer subscribes to the 1st level NWDAF for analytics, the 1st level NWDAF could further subscribe to the 2nd level NWDAF(s) for help. 
NOTE: The data collection for 1st level NWDAF follows the conclusion of KI#1. The 2nd level NWDAF could collect data directly from the NF that it serves, if the analytics at 2nd level NWDAF needs to collect data from other NFs, it also follows the conclusion of KI#1It does not exclude the possibility for a 2nd level NWDAF to consume services provided by other NFs than the NF it serves
.
Moreover, some of 2nd level NWDAFs may be providing different type of analytics but can help each other, if they registered with the same 1st level NWDAF, the 1st level NWDAF could control the cooperation between different 2nd level NWDAFs. When a 1st level NWDAF subscribe to a 2nd level NWDAF for analytics report, it could provide assistant information for the cooperation between the different 2nd level NWDAFs. The assistant information includes the NWDAF identifier and Analytics ID of another 2nd level NWDAF. With the assistant information, the 2nd level NWDAF could subscribe to the assistant NWDAF, and produces the analytics report with the help of the assistant NWDAF.
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Figure 6.x.1-1 Two-level hierarchical NWDAF Architecture
6.X.2
Procedures
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Figure 6.x.2-1 An example procedure for two-level hierarchical NWDAF Architecture
This is an example procedure for the two-level hierarchical NWDAF Architecture. In this procedure we suppose the 1st level NWDAF A supports Analytics ID1= "Abnormal behaviour" and Analytics ID2= "UE communication analytics". The 2nd level NWDAF b and d collocate with SMF1 of slice 1, while NWDAF b supports Analytics ID1, NWDAF d supports Analytics ID2. The 2nd level NWDAF c collocates with another SMF2 of slice 2, NWDAF c supports Analytics ID1.
1. The 1st level NWDAF A registers to NRF using Analytics ID1 and Analytics ID2.
2. The 2nd level NWDAF b registers to NWDAF A using Analytics ID1 and indicates it only serves SMF1 of slice 1; the 2nd level NWDAF c registers with NWDAF A using Analytics ID1 and indicates it only serves SMF2 of slice 2; the 2nd level NWDAF d registers with NWDAF A using Analytics ID2 and indicates it only serves SMF1 of slice 1.
3. A NWDAF service consumer wants the analytics for Analytics ID1, so it sends the query to NRF with Analytics ID1.
4. NRF responds with the identifier of the 1st level NWDAF A.
5. The NWDAF service consumer subscribes to the 1st level NWDAF A for the analytics of Analytics ID1. The NWDAF service consumer may also include target UE id, expected analytics type=” communication related” in the request.
6. The 1st level NWDAF A determines the SMF(s) serving this UE by interrogating UDM, then based on the registration information of 2nd level NWDAFs, NWDAF A knows which 2nd level NWDAF(s) associated with the serving SMF(s) could perform data analytics for a particular Analytics ID, e.g. the NWDAF b and c for Analytics ID1. NWDAF A also knows the NWDAF d collocates with the same NF as NWDAF b, and the analytics report of Analytics ID2 at NWDAF d is helpful for the analytics of Analytics ID1 at NWDAF b. 
The 1st level NWDAF A subscribes to the 2nd level NWDAF b for the analytics of Analytics ID1= "Abnormal behaviour", the target UE id, expected analytics type=” communication related” is also included in the request. The 1st level NWDAF A also provides the identifier of NWDAF d and Analytics ID2= "UE communication analytics" as the assistant information to NWDAF b.
The 1st level NWDAF A subscribes to the 2nd level NWDAF c for the analytics of Analytics ID1= "Abnormal behaviour", the target UE id, expected analytics type=” communication related” is also included in the request.
7. NWDAF b subscribes to the NWDAF d for the analytics using Analytics ID2 and the target UE id.
8. NWDAF d performs the Analytics ID2="UE communication analytics" for the target UE and sends the analytics report to NWDAF b.
9. NWDAF b performs the analytics of Analytics ID1= Abnormal behaviour, expected analytics type=” communication related” for the target UE, the analytics report from NWDAF d is helpful for the analytics at NWDAF b. NWDAF b sends the analytics report of Analytics ID1 for its collocated SMF1 of slice 1 to the 1st level NWDAF A.
NWDAF c performs the analytics of Analytics ID1= Abnormal behaviour, expected analytics type=” communication related” for the target UE , and sends the analytics report of Analytics ID1 for its collocated SMF2 of slice 2 to the 1st level NWDAF A.
10. The 1st level NWDAF A performs the analytics of Analytics ID1, with the help of analytics report from NWDAF b and NWDAF c. The 1st level NWDAF A sends the analytics report of Analytics ID1 to the NWDAF service consumer.
6.X.3
Impacts on Existing Nodes and Functionality
NWDAF: support the two-level hierarchical NWDAF Architecture; the 2nd level NWDAF works under the control of the 1st level NWDAF.
No impact to NRF and NWDAF service consumer.
*** End of changes ***
�Not sure what is the meaning of NF getting NWDAF profile from the NWDAF directly. 
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