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[bookmark: foreword][bookmark: _Toc113262331]Foreword
This clause is mandatory; do not alter the text in any way other than to choose between "Specification" and "Report". 
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc113262332]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc113262333]
1	Scope
The present document identifies deficiencies of the NRF APIs as specified in 3GPP TS 29.510 [2] and studies potential optimization solutions. The document will focus on the following aspects:
-avoid data storage overhead in the NRF due to many NFs (especially NFs from the same NF set) registering with identical information,
-avoid signalling overhead (both in terms of payload size and number of HTTP requests) due to discovery responses containing lots of duplicate information and due to the number of data change notification sent when duplicated data are changed one by one.
-avoid processing overhead (both at NRF and its consumers) resulting e.g. from signalling overhead.

[bookmark: references][bookmark: _Toc113262334]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 29.510: "Network Function Repository Services; Stage 3".
[bookmark: definitions][bookmark: _Toc113262335]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc113262336]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc113262337]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc113262338]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc39050164][bookmark: _Toc113262339]4	Baseline
This clause describes the NRF API baseline for possible enhancements and optimizations addressing data storage overhead, signalling overhead and processing overhead.
[bookmark: _Toc113262340]4.1	Data Storage Overhead
This clause describes the data storage overhead in the NRF that may be subject to possible optimizations.
[bookmark: _Toc113262341]4.2	Signalling Overhead
This clause describes the signalling overhead (both in terms of payload size and number of HTTP requests) subject to possible enhancements/optimizations.
[bookmark: _Toc113262342]4.3	Processing Overhead
This clause describes the processing overhead (both at the NRF and its consumers) subject to possible enhancements/optimizations.

[bookmark: _Toc39050165][bookmark: _Toc113262343]5	Key Issues
This clause describes the issues that needs to be considered for enhancing/optimizing NRF APIs.
Each sub-clause will describe one key issue
[bookmark: _Toc39050166][bookmark: _Toc113262344]5.1	Key Issue #1: Avoid Duplicate Configuration and Transmission of Shareable Data
[bookmark: _Toc49769247][bookmark: _Toc56438051][bookmark: _Toc56438193][bookmark: _Toc56438267][bookmark: _Toc57274138][bookmark: _Toc57274606][bookmark: _Toc66461547][bookmark: _Toc70926339][bookmark: _Toc86043842][bookmark: _Toc39050167][bookmark: _Toc113262345]5.1.1	Description of the use case
[bookmark: _Toc49769248][bookmark: _Toc56438052][bookmark: _Toc56438194][bookmark: _Toc56438268][bookmark: _Toc57274139][bookmark: _Toc57274607][bookmark: _Toc66461548][bookmark: _Toc70926340][bookmark: _Toc86043843]In existing NF profile stored in the NRF, operator may configure same data part of the NF profile with same value to multiple NFs, as per network management requirement. 
For example, multiple NFs (e.g. AUSF/UDM/PCF/BSF/CHF) may be configured to serve same range of UEs and thus be configured with same UE identifier ranges (e.g. SUPI/GPSI/External ID ranges) in each NF profile. These UE identifier ranges configured in the NF profile may have large volume, and operator needs to configure such large volume data to those indicated multiple NFs (e.g. same type of NFs in a NF Set, or even different type of NFs).
Such duplicate data (e.g. UE identifier ranges) introduces complexity to the NRF API and OAM system (e.g. to manage the configuring, updating, and downloading of duplicate data (e.g. UE identifier ranges). Meanwhile, this duplicate data (e.g. UE identifier ranges) reduces the signaling efficiency of NRF API, especially when the duplicate data (e.g. UE identifier ranges) have large volume e.g. upper to x million octets.
[bookmark: _Toc113262346]5.1.2	Key issue definition
This key issue will study the following aspects:
-	Which data part in the NF profile can be organized as shared data and used by multiple NFs?
-	How to configure shared data (e.g. UE identifier ranges) in the NRF so that multiple NF profiles can share the same data (e.g. UE identifier ranges) and avoid duplicate configuration;
-	How to download shared data (e.g. UE identifier ranges) to the request NF during NF discovery procedure or NF profile change notification procedure;
-	How to handle the download shared data (e.g. UE identifier ranges) with large data volume, e.g. upper to x million octets (extremely upper to 16 million octets exceeding the maximum data size of JSON object).
[bookmark: _Toc113262347]5.2	Key Issue #2: <KI#2>
Description of <KI#2> 
[bookmark: _Toc39050168][bookmark: _Toc113262348]6	Solutions
This clause describes the potential solutions to address the key issues described in clause 5.
Each sub-clause will describe one solution which may address one or more key issues.
[bookmark: _Toc39050169][bookmark: _Toc113262349]6.1	Solution#1: Avoid Duplicate Configuration and Transmission of Shareable Data
[bookmark: _Toc49769261][bookmark: _Toc56438070][bookmark: _Toc56438212][bookmark: _Toc56438286][bookmark: _Toc57274156][bookmark: _Toc57274625][bookmark: _Toc66461568][bookmark: _Toc70926360][bookmark: _Toc86043863][bookmark: _Toc39050170][bookmark: _Toc113262350]6.1.1	Description
The solution is to address the Key Issue #1: Avoid Duplicate Configuration and Transmission of Shareable Data.
To avoid duplicate configuration and transmission of shareable data (e.g. UE identifier ranges), the shareable data  can be organized as shared data which is separately stored outside of the NF profile. One NF profile using the shared data (e.g. UE identifier ranges) should carry a reference (i.e. shared data identifier) pointing to that shared data. An NF may be associate with multiple shared data with different types, thus multiple instance of shared data identifiers may be registered in one NF profile.
The following enhancements to data structure of the NRF API are proposed:
-	Define individual data structures for each type of shared data;
-	For example, define a SharedIdRanges data structure, which carries the identifier of the SharedIdRanges and a list of SUPI/GPSI/External-ID/Internal-ID ranges, etc;
-	Define a SharedDataIdentifier data type as identifier of each type of shared data;
-	For example, the SharedIdRanges data structure includes an "sharedDataId" attribute of type SharedDataIdentifier, to indicate the unique identifier of that SharedIdRanges;
-	Add attribute in the NF profile to refer to the separately stored shared data;
-	For example, add "sharedDataList" attribute in the NFProfile of an NF to contain a list of shared data identifiers to multiple shared data, and within the "sharedDataList" container a "sharedRangeId" attribute refers to one SharedIdRanges. Or, add one attribute "sharedRangeId" directly in the AusfInfo/UdmInfo/PcfInfo/BsfInfo/ChfInfo to indicate the reference to a SharedIdRanges;
The following enhancements to resource tree of the NRF API are proposed:
-	Define individual resources in the resource tree of the NRF API, to provide creation/update/deletion/retrieval operation to each type of shared data;
-	For example, a separate resource "/shared-id-ranges" is defined to represent the collection of SharedIdRages. A POST operation to the "/shared-id-ranges" resource will create an instance of SharedIdRanges. A GET operation to the "/shared-id-ranges/{sharedDataId}" will retrieve the content of the SharedIdRanges identified by the {sharedDataId}.
-	A parent resource "/shared-data" may be used to umbrella all kinds of shared data types. In this case, the resource "/shared-data/shared-id-ranges" represents the collection of SharedIdRanges.
To configure the shared data in the NRF, the following methods should be used:
-	An operator should arrange those shareable data (e.g. UE identifier ranges) to shared data in well-organized manner, and register those shared data to the NRF;
-	The registration of shared data to the NRF may be done by the operator management system, or by an operator granted NF (e.g. a special UDR). In the latter case, the granted NF invokes POST method to the resource representing the collection of that type of shared data (e.g. to the resource "/shared-id-ranges") to register the shared data.
-	An NF can register a reference (i.e. the shared data identifier) to one shared data in its own NF profile, if the NF is configured to share some data with other NFs and is aware of the shared data identifier. Multiple shared data identifiers may be registered in the NF profile to refer to different type of shared data;
To download NF profiles with shared data from the NRF, the following methods should be used:
-	A request NF should indicate its support for the SharedData feature to the NRF, in the NF discovery procedure or subscription to NF profile change notification. 
-	During NF discovery or NF profile change notification procedure, the NRF and the request NF behaves as the following:
-	For a request NF supporting the SharedIdRange feature, the NRF only indicates the shared data identifier(s) referring to the shared data (e.g. shared data identifier to a SharedIdRanges) in the NF profile, when sending NF profile the request NF. 
-	For a request NF not supporting SharedData feature, the NRF shall translate the shared data identifier included in the NF profile to the content of existing attributes in the NF profile, when sending NF profile to the request NF.
-	When receiving NF profile with shared data identifier(s), the request NF shall separately invoke GET operation to the NRF resource representing the shared data to retrieval the shared data, if not yet get the shared data.
[bookmark: _Toc49769262][bookmark: _Toc56438071][bookmark: _Toc56438213][bookmark: _Toc56438287][bookmark: _Toc57274157][bookmark: _Toc57274626][bookmark: _Toc66461569][bookmark: _Toc70926361][bookmark: _Toc86043864][bookmark: _Toc113262351]6.1.2	Impacts on services, entities and interfaces
NRF:
-	extend the existing NRF API to separately organize the shared data, and provide individual operations to the resource representing the shared UE identifier ranges.
NF:
-	invoke separate retrieval to the resource representing the shared data, after receiving NF profile indicating a reference to the shared data from the NRF.
[bookmark: _Toc49769263][bookmark: _Toc56438072][bookmark: _Toc56438214][bookmark: _Toc56438288][bookmark: _Toc57274158][bookmark: _Toc57274627][bookmark: _Toc66461570][bookmark: _Toc70926362][bookmark: _Toc86043865][bookmark: _Toc113262352]6.1.3	Pros
This solution provides an efficient way to configure the shared data to multiple NF profiles, and avoid duplicate transmission of same data configured in multiple NF profiles.
[bookmark: _Toc49769264][bookmark: _Toc56438073][bookmark: _Toc56438215][bookmark: _Toc56438289][bookmark: _Toc57274159][bookmark: _Toc57274628][bookmark: _Toc66461571][bookmark: _Toc70926363][bookmark: _Toc86043866][bookmark: _Toc113262353]6.1.4	Cons
The NRF needs to differentiate the handling to a request NF supporting or not supporting SharedData feature.
[bookmark: _Toc113262354]6.2	Solution#2: <S#2>
Description of <S#2> 
[bookmark: _Toc39050171][bookmark: _Toc113262355]7	Evaluations
This clause evaluates the potential solutions described in clause 6.
Each sub-clause will evaluate the solutions for one key issue.
[bookmark: _Toc39050172][bookmark: _Toc113262356]7.1	Evaluation of Solutions for Key Issue#1
Evaluation of Solutions for Key Issue#1
[bookmark: _Toc39050173][bookmark: _Toc113262357]7.2	Evaluation of Solutions for Key Issue#2
Evaluation of Solutions for Key Issue#2
[bookmark: _Toc113262358]8	Conclusions
[bookmark: _Toc113262359]8.1	Conclusion of Solutions for Key Issue#1
Conclusions of Solutions for Key Issue#1
[bookmark: _Toc113262360]8.2	Conclusion of Solutions for Key Issue#2
Conclusions of Solutions for Key Issue#2
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