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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.

1
Scope

The objective of this Technical Report is to study and perform an evaluation of potential architecture enhancements for supporting URLLC services in 5G system (5GS). Specifically, the following aspects are covered:

-
Investigate the key issues for meeting the URLLC requirements on latency, jitter and reliability in 5G system as defined in TS 22.261 [5].

-
Study how to minimize the impacts of UE mobility to the latency and jitter between AN and CN, and within CN.

-
Study how to realize transmission with reliability higher than the reliabilities of single user plane tunnel of N3 and N9 and NFs in the user plane path.

-
Study how to monitor the QoS of the QoS flow with URLLC requirement.

-
Study potential impacts to charging and policy control.
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: "System Architecture for the 5G System".

[3]
3GPP TS 23.502: "Procedures for the 5G System".

[4]
3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]
3GPP TS 22.261: "Service requirements for the 5G system".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

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 format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architecture Assumptions
The following architectural assumptions are applicable for all potential solutions:

1)
The 5GS defined in TS 23.501 [2] is used as the baseline network architecture for URLLC.

2)
For QoS flows with low latency requirement, at least one user plane path between the application and UE that be able to satisfy the requirement for latency should exist in the network.

3)
For QoS flows with ultra-high reliability requirement, there is no assumption on whether each NF or connection segment is able to meet the reliability requirements.

NOTE:
For some QoS flows, there might be only one of the requirements on low latency and high reliability.
5
Key Issues
Editor's note:
This clause will describe the key issues for the enhancement of URLLC supporting in 5GC.
5.1
Key Issue #1: Supporting high reliability by redundant transmission in user plane

5.1.1
General description

In order to ensure the high reliability which can hardly be achieved by single path on user plane, redundant transmission in 5GS may be supported. Depending on the condition of network deployment, e.g., which NFs or segments cannot meet the requirements of reliability, the redundant transmission may be applied on the user plane path between the UE and the network. The following aspects need to be studied for this key issue:

-
How to establish, modify or release multiple tunnels for redundant data transmission on N3 and N9.

-
How to support handover procedure for PDU session using redundant transmission.

-
How to ensure the multiple tunnels on N3, N6 and N9 for redundant transmission to be transferred over separate transport layer paths in case single transport layer path cannot support the reliability requirements.

-
How to make decision on enabling redundant transmission or not for a specific QoS flow.

-
How to replicate the data packets in UE/RAN/UPF, when needed.

NOTE:
This does not intend to study mechanism on air interface.

-
How to eliminate the replicates received from different paths in UE/RAN/UPF, when needed.

-
Identify the impact to protocol stack of user plane to support redundant transmission.

5.2
Key Issue #2: Supporting low latency and low jitter during handover procedure

5.2.1
General description

In current handover procedure defined in TS 23.502 [3], for the QoS flow that requires lossless handover, the direct /indirect data forwarding tunnel is used to forward packets from the source RAN node to the target RAN node. This forwarding tunnel introduces additional latency and jitter within RAN and CN. Furthermore, if no forwarding tunnel is used, the DL path will be interrupted during HO execution until the establishment of GTP-U tunnel towards the target RAN node finished.

The optimization of handover procedure need to be considered to guarantee low latency and low jitter to the URLLC services. In this key issue, the following aspects will be studied:

-
How to fulfill URLLC requirement during UE handover procedure.

5.3
Key Issue #3: Enhancement of Session Continuity during UE Mobility

5.3.1
General Description

This key issue focuses on enhancing session continuity while maintaining UP efficiency. The follow problems are to be studied.

-
How to enable runtime coordination between AF and 5GC for supporting application relocation without breaking upper layer session and service continuity

When application relocates to a new DNAI, N6 connection is re-established with the new DNAI. To support upper layer session and service continuity, application traffic should be routed over the new N6 connection only after it is fully ready. This requires the 5GC to know when the end of N6 connection in the DN is ready before it switches to the new N6 connection. In Rel-15, such runtime coordination is not supported yet.

NOTE:
The solutions to this key issue should reuse, if possible, functions of the 5GC developed in Rel-15.

5.4
Key Issue #4: QoS Monitoring to Assist URLLC Service

5.4.1
General description

For URLLC services, E2E stringent QoS requirements include very low latency and very high reliability. This poses some challenges to the 5G sSystem as several factors could affect the E2E QoS performance such as wireless coverage, 3GPP network node (UPF/RAN/UE) resources, and transport network.

The current 5GS QoS Notification Control is supported in 5G-AN to monitor the GBR QoS flow status in the 5G-AN. This mechanism only supports GFBR monitoring may not be sufficient for E2E URLLC services where packet latency, jitter, packet loss parameters are the key requirements.

In order to achieve requirements of URLLC services, the following aspects should be studied:

-
Study solutions for the specific UE with URLLC services to improve the monitoring of QoS, such as packet delay, jitter and packet error rate to assist to achieve URLLC services and identify the relevant NF(s) and entities (e.g. 5GC, third party AF).

-
Study means to better control the monitoring of QoS for URLLC e.g. means whether or not to trigger the above solution(s). If triggered, how to use the exposed QoS monitoring result to fulfil the QoS requirement of the URLLC service when the threshold that required QoS of URLLC services will not be satisfied is reached.

5.X
Key Issue #X: <Key Issue Title>
5.X.1
General description
6
Solutions
6.X
Solution for Key Issue #X: <Solution Title>
6.X.1
Description

Editor's note:
This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details.

6.X.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.
6.X.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
7
Overall Evaluation
Editor's note:
This clause will provide evaluation of different solutions.
8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.
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