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[bookmark: foreword][bookmark: _Toc101519353]Foreword
[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 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: scope][bookmark: _Toc101519354]1	Scope
[bookmark: references][Editor's note: The following text attempts to capture scope aspects from Justification and Objective sections in SID.]
This document captures the findings from the study item "Study on further NR RedCap UE complexity reduction" [2].
The study concerns potential solutions for reducing UE complexity further compared to the RedCap UE type introduced in Rel-17 [3], providing NR support for low-tier devices between existing LPWA UEs and Rel-17 RedCap UEs to further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, targeting 10 Mbps peak rate.
The study focuses on UE bandwidth reduction to 5 MHz and/or UE peak rate reduction to 10 Mbps, possibly in combination with relaxed UE processing timeline. The scope of the study includes support for FR1 bands for FDD and TDD and coexistence with Rel-15/16/17 UEs. The scope of the study does not include LPWA use cases.
[bookmark: _Toc101519355]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".
[bookmark: definitions][2]	3GPP RP-213661: "New SID on Study on further NR RedCap UE complexity reduction".
[3]	3GPP RP-22xxxx: "Summary of WI on support of reduced capability (RedCap) NR devices"
[4]	3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities".
[5]	3GPP TR 38.875: "Study on support of reduced capability NR devices".
[6]	3GPP R1-2009293: "FL summary on RedCap evaluation results".

[bookmark: _Toc101519356]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc101519357]3.1	Terms
For the purposes of the present document, the terms 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].
[Editor's note: The following definition is copied from the Definitions section in TS 38.321.]
RedCap UE: A UE with reduced capabilities as specified in clause 4.2.21.1 in TS 38.306 [4].
[bookmark: _Toc101519358]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc101519359]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>	<Expansion>

[bookmark: clause4][bookmark: _Toc101519360]4	Introduction
[Editor's note: The following text is copied from the Justification section in the SID.]
5G aims to accelerate industrial transformation and digitalization, which improve flexibility, enhance productivity and efficiency, reduce maintenance, and improve operational safety. Industrial sensors play an important role for realizing such a vision. Not only widely used in industrial automation and digitalization use cases, industrial sensors are also widely used in the general environmental monitoring use cases such as monitoring of critical infrastructure (e.g., buildings, bridges, water dams, etc.) or monitoring for natural disasters (e.g., wild fire, flood, tsunami, earthquake, etc.).
Another emerging new class of new 5G use cases is the smart city vertical, which covers data collection and processing to more efficiently monitor and control city resources, and to provide services to city residents. Especially, the deployment of surveillance cameras is an essential part of the smart city but also of factories and industries.
Furthermore, there have been increasing interests in wearables use cases such as smart watches, eHealth related devices, and medical monitoring devices. These use cases call for different design considerations and have different requirements in terms of form factor, UE complexity and energy efficiency, compared to eMBB devices. 
The support of industrial sensors, video surveillance, and wearables were the motivations behind Rel-17 RedCap. Through the Rel-17 NR RedCap work item, 3GPP has established a framework for enabling reduced capability NR devices suitable for a range of use cases, including the industrial sensors, video surveillance, and wearables use cases, with requirements on low UE complexity and sometimes also on low UE power consumption.
Now when the foundation has been laid in Rel-17 [3], enhancements can be considered to improve the support for the mentioned use cases and also to expand RedCap into a new range of use cases such as smart grid.
To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, e.g., industrial wireless sensor network use cases, some further complexity reduction enhancements should be considered. 
Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions. 
The enhancements should be introduced while maintaining the integrity of the RedCap ecosystem and maximizing the benefit of economies of scale. The SI targets enhancements applicable to the RedCap framework defined in Rel-17, including principles of network awareness of device capabilities.
[bookmark: _Toc101519361]5	Study objectives
The study includes the following objectives:
-	Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875.
-	Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact.
-	Potential solutions, which may complement each other, for reducing device complexity are focusing on:
-	UE bandwidth reduction to 5MHz in FR1,
-	Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
-	Reduced UE peak data rate in FR1,
-	Possibly including restricted bandwidth for PDSCH and/or PUSCH
-	Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
-	Notes:
-	Rel-15 SSB should be reused and L1 changes minimized.
-	Operation in BWP with/without SSB and without/with RF retuning should be considered.
-	It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
-	Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.
[bookmark: _Toc101519362]6	Evaluation methodology
[bookmark: _Toc101519363]6.1	Evaluation methodology for UE complexity reduction
[bookmark: _Toc101519364]6.2	Evaluation methodology for coverage impact
[bookmark: _Toc101519366]7	UE complexity reduction features
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