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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 present document captures the results and findings from the study item "Study on physical layer enhancements for NR Ultra Reliable Low Latency Communication (URLLC)" [2]. The purpose of this TR is to document the baseline performance achievable with Rel-15 NR URLLC considering the prioritized URLLC use cases identified in [2], and to document the evaluation and findings of the potential enhancements for the prioritized URLLC use cases. However, this does not imply that NR Rel-16 URLLC is necessarily restricted to the identified use cases in [2]. 
This activity involves the Radio Access work area of the 3GPP studies and has potential impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is a 'living' document, i.e. it is permanently updated and presented to TSG-RAN meetings.

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 RP-181477: “New SID on Physical Layer Enhancements for NR URLLC”.
[3]
3GPP TR 22.804: “Study on Communication for Automation in Vertical Domains”.
[4]
3GPP TR 22.886: “Study on enhancement of 3GPP Support for 5G V2X Services”.
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions 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].

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].

URLLC
Ultra Reliable Low Latency Communication
4
Introduction
In Release 15 the basic support for URLLC was introduced with TTI structures for low latency as well as methods for improved reliability. Further use cases with tighter requirements have been identified as important for NR evolution, in addition to the need for enhancing the Release 15 enabled use cases. 

The follow key use cases were identified to be considered: 

· Release 15 enabled use case improvements

· Such as AR/VR (Entertainment industry)

· New Release 16 use cases with higher requirements

· Factory automation

· Transport Industry

· Electrical Power Distribution

The objective of this study item is to investigate enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD, with the already existing solutions for NR as the baseline. The TR reports the results and findings from the study item, mainly on baseline performance achievable with Rel-15 NR URLLC, layer 1 enhancements (including PDCCH enhancements, UCI enhancements, PUSCH enhancements and enhancements to scheduling/HARQ/CSI processing timeline), UL inter UE Tx prioritization/multiplexing and enhanced UL configured grant (grant free) transmissions.       
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