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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.
[bookmark: _Toc515658369]
1	Scope
The objective of this Technical Report is to study the solutions and potential enhancements needed for systems using EPS to enable data services (UE to Data Network, and, UE to UE via Data Network) with one or more the following requirements:
1.	Availability greater than that of a single pre-Release 16, EPC based 3GPP system with a traditional arrangement of base stations, power supplies, transmission links and core network entities.
2.	Providing reliable (e.g. better than 1*10-9 undetected bit error rate) 3GPP data services with low latency (e.g. less than 15 ms between UE and application server).
Editor's note:	exact requirements are still under development in SA WG1.
3.	Providing prompt, deterministic recovery mechanisms following periods where the required connectivity quality of the EPS bearer was not achieved.
4.	Investigating the end to end provision of 3GPP data services with low jitter, e.g. less than 100µs between UE and Data Network.
Editor's note:	Exact requirements are still under development in SA WG1.

[bookmark: _Toc515658370]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 22.278: "Service requirements for the Evolved Packet System (EPS)".
[3]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[4]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[5]	3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
[6]	RP-180032: "LS to RAN on IMT-2020 requirement for 0ms handover interruption time in Rel-15".

[bookmark: _Toc515658371]3	Definitions, symbols and abbreviations
[bookmark: _Toc515658372]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.
[bookmark: _Toc515658373]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc515658374]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>

[bookmark: _Toc515658375]4	Architectural Requirements and Assumptions
Editor's note:	This clause will list general architectural assumptions and principles for this study.
[bookmark: _Toc515658376]4.1	Architectural Requirements
Editor's note:	This clause will define the architectural requirements.

[bookmark: _Toc515658377]4.2	Architectural Assumptions
Editor's note:	This clause will define the underlying architectural assumptions.

[bookmark: _Toc515658378]5	Key Issues
[bookmark: _Toc515658379]5.1	Key Issue 1:	End user service availability greater than the availability of individual sub-systems
The end user service availability requirements specified in TS 22.278 [2] (which in turn may reference TS 22.261 [3]) for "low latency and high reliability scenarios" are anticipated to exceed the typical "5 nines" availability of 'telco grade' service levels.
Solutions that detect a network problem and then establish a new connection (possibly on an alternative network) are unlikely to meet the low latency requirements and availability requirements of the end user services.
As a consequence, either full or partial duplication of system components is expected to be desirable. For the provision of this duplication, aspects of cell (re)selection; handover control; selection of Core Network nodes; etc, need to be considered, along with considerations on whether one or more than one USIM is used.

[bookmark: _Toc515658380]5.2	Key Issue 2: RAN initiated recovery of GBR service following temporary loss of connection quality
The high reliability and high availability services described by TS 22.278 [2] and TS 22.261 [3] are expected to be provided by GBR bearers. The (machine) “users” of these bearers are expected to need the QoS of these bearers in order to perform their function. Hence, if the QoS level is lost, it is imperative that the system can restore it as quickly as possible.
With the existing EPS procedures, a GBR bearer is released by the RAN when the requested QoS cannot be achieved. However, there is then no RAN trigger available to tell the UE or Core Network when the radio link (or radio equipment) has recovered and the QoS level is now available again.
As a result, it can be expected that following a RAN QoS failure related eNB initiated release of a (URLLC) GBR bearer in the existing EPS, either:
· a core network node would immediately, and repeatedly, request re-establishment of the GBR bearer, or,
· there may be an unnecessarily long time between ‘radio recovery’ and the re-establishment of the GBR bearer.
Solutions for this key issue are needed.

[bookmark: _Toc513187937][bookmark: _Toc515658381]5.3	Key Issue 3: Supporting low latency and high reliability during handover
[bookmark: _Toc513187938][bookmark: _Toc515658382]5.3.1	General description
In the current X2 and S1 based handover procedures defined in EPS (TS 23.401 [4] and TS 36.300 [5]) the data flow to and from the UE is paused for, say, 20 ms or longer. This is clearly inappropriate for data services that are targeting high reliability in combination with latencies of less than 20 ms between UE and SGi.
In the preparation for TSG-RAN’s IMT 2020 submission to ITU, RAN 2 has provided TSG-RAN with information (in RP-180032 [6]) on potential techniques for reducing the jitter and interruption time: however these techniques will not part of the Release 15 specifications. 
It is anticipated that there is a need to study the system issues related to potential Release 16 RAN work in this area, for example:

- impacts on X2 handover procedures;
- whether S1 handovers can be supported;
- whether the RAN needs extra information to determine whether or not to use ‘lossless handover’;
- whether any changes to GTP-U tunnel management procedures are needed (e.g. downlink packet duplication from the SGW).
This key issue will investigate solutions that enable the required QoS levels to be achieved during inter-cell mobility.

[bookmark: _Toc515658383]5.X	Key Issue X: <Key Issue Title>
[bookmark: _Toc515658384][bookmark: _Hlk500943653]5.X.1	Description
Editor's note:	This clause provides a short description of the key issue.

[bookmark: _Toc515658385]6	Solutions
Editor's note:	This clause is intended to document the agreed architecture solutions. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc515658386]6.1	Solution #1: Use of Duplicated Networks to provide high availability
[bookmark: _Toc515658387]6.1.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _Toc515658388]6.1.1.1	General
This solution addresses Key Issue 1 "End user service availability greater than the availability of individual sub-systems".
When aiming to use duplicated networks to provide higher availability, the networks will need to be independent of each other. Aspects of cell (re)selection; handover control; selection of Core Network nodes; etc, need to be considered, along with considerations on whether one or more than one USIM is used.
[bookmark: _Toc515658389]6.1.1.2	Simultaneous use of different base station sites
In order to avoid being dependent on the availability of a single base station site (and its associated power supplies; transmission links; antenna support structures; etc), it is anticipated that the Device will need to use more than one base station site at the same time.
How the Device can be influenced to (re)select (the correct) different base station sites and how handover algorithms can be influenced to ensure continued use of different sites needs to be studied.
How the device can be constructed and configured to operate as two devices also needs to be studied.
NOTE:	As a UE is a "ME plus a USIM", the term Device is used to avoid making assumptions on whether it has more than one active USIM.
[bookmark: _Toc515658390]6.1.1.3	Dual radio Device: single USIM or more than one USIM?
If a single USIM is used in the separate radio units of a device that are both simultaneously registered on one VPLMN, there are a number of aspects that need to be considered (e.g. the sequence numbers used in authentication procedures; HSS impacts; etc).
Conversely if a dual radio Device uses two independent USIMs, then HPLMN actions are anticipated to be needed to ensure the correct, consistent configuration of the two "independent UEs".
Solutions to both approaches need to be investigated.
[bookmark: _Toc515658391]6.1.1.4	Selection of independent core network entities
Although core network entities are typically deployed in a more resilient fashion than base stations, their individual availability might still be insufficient and/or the use of small, local core network entities in a factory location might lead to lower availability of core network functionality.
Solutions that support the use of multiple, independent core network functions need to be investigated.
[bookmark: _Toc515658392]6.1.2	Functional Description
Editor's note:	This clause outlines solution principles and documents any assumptions made.

[bookmark: _Toc515658393]6.1.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.

[bookmark: _Toc515658394]6.1.4	Impacts on existing entities and interfaces
Editor's note:	This clause describes impacts to existing entities and interfaces.

[bookmark: _Toc515658395]6.1.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

[bookmark: _Toc515658396]6.2	Solution 2: RAN Notification based recovery of GBR service following temporary loss of connection quality
[bookmark: _Toc515658397]6.2.1	Introduction
This solution addresses key issue 2: “RAN initiated recovery of GBR service following temporary loss of connection quality”.
[bookmark: _Toc515658398]6.2.2	Functional Description
When the High Availability/High Reliability GBR PDN connection is established, the PDN GW may use a single indicator to request the RAN (using signalling sent via the SGW and MME):
· to notify the PDN-GW when the connection quality fails to meet the requested QoS; 
· to notify the PDN-GW when the connection quality recovers such that the requested QoS can be met; and
· to not release the GBR connection if the QoS cannot be met.
NOTE:	This functionality is intended to be similar to that used for “notification” with GFBR flows in the 5GCore.
Handover signalling procedures will need to be enhanced to ensure the core network remains aware of the status of any bearer subject to “notification control”.
[bookmark: _Toc515658399]6.2.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.

[bookmark: _Toc515658400]6.2.4	Impacts on existing entities and interfaces
Editor's note:	This clause describes impacts to existing entities and interfaces.

[bookmark: _Toc515658401]6.2.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

[bookmark: _Toc515658402]6.X	Solution #X: <Solution Title>
[bookmark: _Toc515658403]6.X.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution.

[bookmark: _Toc515658404]6.X.2	Functional Description
Editor's note:	This clause outlines solution principles and documents any assumptions made.

[bookmark: _Toc515658405]6.X.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.

[bookmark: _Toc515658406]6.X.4	Impacts on existing entities and interfaces
Editor's note:	This clause describes impacts to existing entities and interfaces.
[bookmark: _Hlk500857602]
[bookmark: _Toc515658407]6.X.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

[bookmark: _Toc515658408]7	Evaluation
Editor's note:	This clause will provide a general evaluation of the solutions.

[bookmark: _Toc515658409]8	Conclusions
Editor's note:	This clause will capture conclusions from the study.

[bookmark: _Toc515658410][bookmark: historyclause]
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