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Foreword
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 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.
Introduction

1
Scope

The present document …

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 23.501: "5G; System Architecture for the 5G System".
[3]
3GPP TS 32.130: "Telecommunication management; Network sharing; Concepts and requirements".

[4]
3GPP TS 28.552: "Management and orchestration; 5G performance measurements".

[5]
3GPP TS 28.554: "Management and orchestration; 5G end to end Key Performance Indicators (KPI)".

[6]
ETSI ES 203 228 v1.2.1: "Environmental Engineering (EE);Assessment of mobile network energy efficiency".
[7]
S5-201169/S2-1912770: LS on analytics support for energy saving
3
Definitions of terms, symbols and abbreviations
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].

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

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].

MOP
Master Operator

POP
Participating Operator
4
Key Issues and potential solutions
4.1
Key Issue #1: EE KPI in case of NG-RAN sharing
4.1.1
Description

4.1.1.1
Existing NG-RAN EE KPI and related measurements

In TS 28.554 [5] – clause 6.7.1, the NG-RAN data Energy Efficiency KPI is defined as follows:

EEMN,DV


[image: image4.png]ZSamples DRE-PdcpSduValumnTl+ DRS-PdcpSduVelumnbD
STy —




 - for non-split gNBs;

[image: image6.png]o e e )
Zsampie p1ypacpSauotumeDL+ KnuPcpSuVolumeD! + 2uPdep SduVolumel)

Teomoie. PEEEnerzy




 - for split-gNBs.

For non-split gNBs, the data volume measurements used in this KPI are defined in TS 28.552 [4] – clause 5.1.2.1, as follows:

- UL PDCP SDU Data Volume: provides the Data Volume (amount of PDCP SDU bits) in the uplink delivered from PDCP layer to higher layers. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI;

- DL PDCP SDU Data Volume: provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered to PDCP layer. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI.

NOTE: for the rest of the discussion, it is important to note that these measurements can be obtained per PLMN ID.

4.1.1.2
5G RAN sharing
TS 23.501 [2] – figure 5.1.18-1 gives a network sharing architecture allowing multiple Participating Operators (POP) (see TS 32.130 [3]) to share resources of a single shared radio access network made available by a Master Operator (MOP) [3] according to a RAN sharing contract.
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4.1.1.3
Problem statement
In case of RAN sharing:

- The energy consumed, which measurement (cf. PEE.Energy [4]) is collected by the Master Operator and calculated per gNB only, with no split between Master and Participating Operators;

- The data volume measurements are collected by the Master Operator and calculated:

- at gNB level, i.e. not per PLMN ID. In this case, these measurements don’t separate the traffic between the Master Operator and each Participating Operator. As a consequence, the existing EE KPI is obtained by dividing all Operators included Data Volume, by gNB Energy Consumption

- for the Master Operator, the resulting EE KPI value does not reflect that the gNB is shared,

- for Participating Operators, they are unable to measure the EE KPI value for this shared gNB, though they have some traffic across this shared gNB

- per PLMN ID. In this case, these measurements can be obtained separately for the Master Operator and for each Participating Operator

- For the Master Operator and all Participating Operators, the resulting EE KPI value is the per Operator Data Volume divided by the all Operators included Energy Consumption of the shared gNB.

As explained above, in case of a shared gNB, the value of the existing EEMN,DV may be biased depending on how it is calculated.

4.1.2
Potential solutions

4.1.2.1
Potential solution #1: EE KPI in case of NG-RAN sharing
4.1.2.1.1
Introduction

In this potential solution, a per Operator EE KPI is defined as follows:


[image: image8]
, where:

- EEDV, Shared gNB is the per Operator EE KPI in case of a shared gNB,

- DVPer Operator (measured) is the per Operator Data Volume, measured 

- ECPer Operator (estimated) is the per Operator Energy Consumption, estimated. An estimation can be made by calculating the proportion of each Operator Data Volume over all Operators included Data Volume, and then apply this proportion in the estimation of the per Operator Energy Consumption.

4.1.2.1.2
Description

In this potential solution #1, given that each Operator Energy Consumption (EC) is estimated proportionally to its measured Data Volume (DV), the resulting EE KPI value is the same for all Operators, i.e. for the Master Operator (MOP) and the Participating Operators (POP).

In a RAN sharing deployment, depending on the agreement between the MOP and the POPs:

- either the MOP provides each POP with its own measured DV and estimated EC values, and each POP calculates the resulting EE KPI value,

- or the MOP calculates the EE KPI per POP and provide each POP with its own value.

The above statements are proposed to be added to clause A.16 (Use case for 5G Energy Efficiency (EE) KPI) of  TS 28.554 [5].

4.2
Key Issue #2: EE KPI for 5GC
4.2.1
Description

TS 28.554 [5] – clause 6.7 (Energy Efficiency (EE) KPI) contains so far one single KPI definition: NG-RAN data Energy Efficiency (EE) (cf. clause 6.7.1). A corresponding EE KPI is missing for 5GC.

This potential solution proposes to apply the generic EE KPI (see clause 5.3 of ETSI ES 203 228 [6]):
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to the 5GC, leading to the definition of a new EE KPI:
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Depending on the solution, new measurements may have to be defined in TS 28.552 [4].

4.2.2
Potential solutions

4.2.2.1
Potential solution #1 for DV5GC: User Plane DV based solution 

4.2.2.1.1
Introduction

This potential solution #1 focuses on the definition of DV5GC.

For this proposed solution, the assumption is made that the Control Plane traffic is negligible compared to the User Plane traffic. Therefore, the DV part of the EE KPI for 5GC is measured only at the User Plane functions (UPF) that constitute the 5GC. 5GC Control Plane network functions are not considered.

In this proposed solution, the incoming traffic is measured at the IP layer on the N3 interface.

4.2.2.1.2
Description

Editor's Note:
This clause further details the potential solution principles and any assumptions made.

4.2.2.2
Potential solution #2 for DV5GC: User + Control Plane DV based solution 

4.2.2.2.1
Introduction

This potential solution #2 focuses on the definition of DV5GC. 

For this proposed solution, the assumption is made that all traffic within all network functions of the 5GC is considered, i.e. Control Plane and User Plane traffic. Therefore, the DV part of the EE KPI for 5GC is measured at all network functions that constitute the 5GC.

In this proposed solution, the traffic is measured at the IP layer, regardless the network functions are control plane or user plane network functions. The following network functions are considered (see clause 4.2.2 of TS 23.501 [2]):
-
Authentication Server Function (AUSF):

-
Access and Mobility Management Function (AMF)
-
Unstructured Data Storage Function (UDSF)

-
Network Exposure Function (NEF)

-
Intermediate NEF (I-NEF)

-
Network Repository Function (NRF)

-
Network Slice Selection Function (NSSF)

-
Policy Control Function (PCF)

-
Session Management Function (SMF)

-
Unified Data Management (UDM)

-
Unified Data Repository (UDR)

-
User Plane Function (UPF)

-
UE radio Capability Management Function (UCMF)

-
Application Function (AF)

-
5G-Equipment Identity Register (5G-EIR)

-
Network Data Analytics Function (NWDAF)

-
CHarging Function (CHF).

In this proposed solution, the traffic is measured at the IP layer of aforementioned network functions.
Editor’s note: it’s FFS on which interface(s) of the aforementioned network functions the data volume is to be measured.

4.2.2.2.2
Description

Editor's Note:
This clause further details the potential solution and any assumptions made.

4.3
Key Issue #3: Network data analysis assisted energy saving 
4.3.1
Description

In S5-201169 / S2-1912770 [7], SA2 describes the following use case related to energy saving in the 5GC:

“

In particular, the network data analysis may indicate that all the UEs served by some UPF instances are low priority UEs. Based on this information, the SMF can intentionally re-allocate the low priority UEs among fewer dedicated UPF instances which are used only for serving the low priority UEs at night and running on fewer dedicated servers. As a result, there can be more UPF instances having no UE allocated to them and can be removed by the NFV orchestrator. Consequently, there can be more physical resources, such as servers, to be shut down at night and less energy to be consumed.
”.

From SA5 point of view, some points are to be investigated, including:

1. It is not clear:

a. how UEs are characterized as low or high priority and on which criteria (e.g. user profile, etc.),

b. where NWDAF gets this information from,

c. whether UE priority is relative to within a given network slice (i.e. priority amongst UEs of a given network slice) or across network slices (i.e. priority amongst UEs of different network slices);

2. It is not clear if the main criteria for reallocating traffic from some UPF instances to fewer UPF instances is the UE priority or the time of the day (the above text mentions ‘at night’) or service level parameters. In other words, can’t the reallocation of traffic from some UPF instances to fewer UPF instances be decided only based on the traffic load at some time of the day / night?

3. Since UEs can be attached to up to eight network slices simultaneously and UPF instances either belong to a single network slice (in such a case, traffic reallocation can be done only between UPF instances of the same network slice) or are shared amongst two or more network slices (in such a case, traffic reallocation can be done between UPF instances of different network slices serving the low priority UEs), the re-allocation of the traffic from some UPF instances to some other UPF instances must take this into consideration, implying that the NWDAF must have this knowledge prior to taking any decision;

4. Is it necessary that NWDAF have the information about which UPF instances are susceptible to receive traffic from other UPF instances? If yes, how does it obtain this information?

5. Migrating the traffic from some UPF instances to other UPF instances so as to switch off some servers requires interacting with NFV MANO functions (e.g. for VNF instance migration / termination). How NWDAF interacts with NFV MANO function(s) and via which reference point(s) is not specified. The reference point Os-Ma-Nfvo is for interactions between NFV Orchestrator and OSS/BSS and, consequently, can’t be used by NWDAF;

6. Reallocating traffic from some UPF instances to other UPF instances may have to take into consideration additional information such as e.g.:

a. When ordering a network slice to his Network Slice Provider (NSP), a Network Slice Customer (NSC) may express isolation requirements such as e.g. ‘I want my UPF instances be physically isolated from any other UPF instances allocated to other NSCs’. NWDAF has no knowledge of this, only OSS can have such information;

b. All concerned UPF instances may not be on the same site / data centre, which potentially are not powered by the same source of energy. The network operator may be willing to privilege green sources of energy. In addition, the cost of energy may highly differ between sites / data centres. NWDAF has no knowledge of this, only OSS can have such information;

c. All these UPF instances may be hosted on different types of servers, where some types of servers can be more energy efficient than others, so that the network operator may be willing to privilege these energy efficient servers. NWDAF has no knowledge of this, only OSS can have such information.

4.3.2
Potential solutions

4.3.2.1
Potential solution #<Y>: <Potential Solution Title> 

4.3.2.1.1
Introduction

Editor's Note:
This clause describes briefly the potential solution at a high level.

4.3.2.1.2
Description

Editor's Note:
This clause further details the potential solution and any assumptions made.

4.Y
Key Issue #<A>: <Key Issue Title> 
4.Y.1
Description

Editor’s note: This clause provides a description of the key issue.

4.Y.2
Potential solutions

4.Y.2.i
Potential solution #<i>: <Potential Solution i Title> 

4.Y.2.i.1
Introduction

Editor's Note:
This clause describes briefly the potential solution at a high-level.

4.Y.2.i.2
Description

Editor's Note:
This clause further details the potential solution and any assumptions made.
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