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[bookmark: foreword][bookmark: _Toc164544628]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: introduction][bookmark: scope][bookmark: _Toc164544629]
1	Scope
The present document describes use cases, potential requirements, and solutions for the management aspects of RedCap feature.
[bookmark: references][bookmark: _Toc164544630]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 38.331: "Radio Resource Control (RRC) protocol specification".
[3]	3GPP TS 28.541: "5G Network Resource Model (NRM); Stage 2 and stage 3".
[4]	3GPP TS 38.213: "NR; Physical layer procedures for control".
[5]	3GPP TS 38.865: " Technical Specification Group Radio Access Network; Study on further NR RedCap UE complexity reduction".
[6]	3GPP TS 38.875: " Technical Specification Group Radio Access Network; Study on further NR RedCap UE complexity reduction".
[7]	3GPP TS 28.554: "Management and orchestration; 5G end to end Key Performance Indicators (KPI)".
[8]	3GPP TS 22.104: " Technical Specification Group Services and System Aspects; Service requirements for cyber-physical control applications in vertical domains".
[9]	3GPP TR 22.804: " Technical Specification Group Services and System Aspects; Study on Communication for Automation in Vertical Domains".
[10]	3GPP TS 28.552: " Technical Specification Group Services and System Aspects; Management and orchestration; 5G performance measurements".


[bookmark: definitions][bookmark: _Toc164544631]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc164544632]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].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc164544633]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc164544634]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].
[bookmark: clause4]<ABBREVIATION>	<Expansion>


[bookmark: _Toc164544635][bookmark: _Toc156410424]4 Concepts and Background


[bookmark: _Toc164544636]5 Use Cases
[bookmark: _Toc164544637]5.1	Use Case#1: Multi-Initial BWP under RedCap and Non-RedCap UEs co-existence scenario
[bookmark: _Toc119920972][bookmark: _Toc66206021][bookmark: _Toc100695506][bookmark: _Toc164544638]5.1.1	Description
RedCap is a lightweight network access solution aiming at scenarios with low-cost, low-power, and low-speed requirements, mainly applying to industrial sensors, video surveillance, and wearable scenarios. Access bandwidth of RedCap UEs is different from conventional UEs, so management when bandwidth reducing is supposed to be studied. In section 6.3.2 radio resource control information elements of TS 38.331 [2], the DownlinkConfigCommon and UplinkConfigCommon provide initialDownlinkBWP-RedCap and initialUplinkBWP-RedCap parameters, respectively.
The IE DownlinkConfigCommon provides common downlink parameters of a cell in TS 38.331 [2], as followed.
	DownlinkConfigCommon field descriptions

	frequencyInfoDL
Basic parameters of a downlink carrier and transmission thereon.

	initialDownlinkBWP
The initial downlink BWP configuration for a serving cell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain.

	initialDownlinkBWP-RedCap
If present, (e)RedCap UEs use this DL BWP instead of initialDownlinkBWP.
If absent, (e)RedCap UEs use initialDownlinkBWP provided that it does not exceed the (e)RedCap UE maximum bandwidth (see also clause 5.2.2.4.2).



The IE UplinkConfigCommon provides common uplink parameters of a cell in TS 38.331[2], as followed.
	UplinkConfigCommon field descriptions

	frequencyInfoUL
Absolute uplink frequency configuration and subcarrier specific virtual carriers.

	initialUplinkBWP
The initial uplink BWP configuration for a serving cell (see TS 38.213 [4], clause 12).

	initialUplinkBWP-RedCap
If present, (e)RedCap UEs use this UL BWP instead of initialUplinkBWP.
If absent, (e)RedCap UEs use initialUplinkBWP provided that it does not exceed the (e)RedCap UE maximum bandwidth (see also clause 5.2.2.4.2).



An initial BWP can be configured for RedCap UEs’ initial access instead of initial BWP that may exceed the (e)RedCap UE maximum bandwidth. However, in TS 28.541[3], only two types of BWP are defined: INITIAL, OTHER, and the INITIAL-REDCAP type is missing. So some potential solutions need to be studied to support Multi-Initial BWP under RedCap and Non-RedCap UEs co-existence scenario. 
[bookmark: _Toc164544639]5.1.2	Potential requirements
[bookmark: _Hlk161680449]REQ-RedCapBWP_Config-1: The 3GPP management system shall have the capability to support Multi-Initial BWP under RedCap and Non-RedCap UEs co-existence scenario.
REQ-RedCapBWP_Config-2: The 3GPP management system shall have the capability to configure initial BWP separately for RedCap UEs. 
[bookmark: _Toc164544640]5.1.3	Potential Solutions
[bookmark: _Toc138424026][bookmark: _Hlk161680725][bookmark: _Toc164544641]5.1.3.1	Potential solution #1
To configure Multi-Initial BWP under RedCap and Non-RedCap UEs co-existence scenario, the existed isInitialBwp attribute can be modified and configured for RedCap, or other UEs.
1. The potential NRM changes to support above could include:
The new “INITIAL-REDCAP” added to the allowedValues of isInitialBwp attribute of BWP IOC:
	Attribute Name
	Documentation and Allowed Values
	Properties

	isInitialBwp
	It identifies whether the object is used for initial or other BWP.

allowedValues:

    INITIAL, INITIAL-REDCAP, OTHER
	type: ENUM

multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False



2.  A BWP can be either an initial BWP used for initial access, or other ("regular") BWP configured for relevant UEs that support the BWP's characteristics. An initial BWP can be configured for RedCap UEs, or other UEs.
[bookmark: _Toc157751693][bookmark: _Toc164544642]5.1.4 Evaluation of potential solutions
TBD

[bookmark: _Toc164544643]5.2	Use case #2: EE KPI for RedCap
[bookmark: _Toc164544644]5.2.1	Description
RedCap is a lightweight network access solution aiming at scenarios with low-cost, low-power, low-energy-consumption and low-speed requirements, mainly applying to industrial sensors, video surveillance, wearable scenarios. 
As stated in TS 28.554 [7] clause 6.7, the network energy efficiency (EE) KPI is related to the performance and the energy consumption of the network providing the specific service. When network delivers communication services for RedCap UEs, there has some impacts on the evaluation of EE.
· In the aspect of performacne, the key performance of RedCap service is different from the services such as eMBB, URLLC and MIoT (higher than MIoT but lower than URLLC and eMBB).
· In the aspect of energy consumption, 3GPP has introduced some complexity reduction features (such as bandwidth reduction and eDRX) for RedCap. These new features may have some impacts on the energy consumption of network which should be evaluated separately.
However, TS 28.554 [7] only provides EE KPIs for eMBB, URLLC and MIoT. How to evaluate the EE for RedCap service should be invetigated.
[bookmark: _Toc164544645]5.2.2	Potential requirements
REQ-RedCap-Perf-EE: The MnS shall have capability to evaluate the energy efficiency for RedCap service.

[bookmark: _Toc164544646]5.3	Use case #3:  Metric of RedCap RRC connection number
[bookmark: _Toc164544647]5.3.1	Description
Industry sensors scenario is a typical use case of RedCap technology. It’s desirable in this scenario to connect different kinds of sensors to 5G network as mentioned in TR 38.875 [6]. According to TS 22.104 [8] and TR 22.804 [9], this use case has a requirement on UE density to ensure enough number of devices enjoying communication service.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]RRC connection number is an indispensable performance metric for 5G NR, indicating the number of UEs connected to gNB simultaneously. lt can reflect NR performances to operators. 
The current measurements related to RRC connection number specified in TS 28.552 [10] are all performed without recognizing the UE type. Therefore, it’s difficult to accurately determine the number of RedCap UEs connected to NR, especially when different type of UEs co-exist. Consequently, it is important to investigate how to define metric for RRC connection number of RedCap UEs. It will assist operators in understanding the resource load brought by RedCap and enable dynamic resource allocation.
[bookmark: _Toc164544648]5.3.2	Potential requirements
REQ-RedCap_Perf_RRCNum: The MnS shall have capability to provide measurements or KPIs related to RedCap RRC connection number in NR network.

[bookmark: _Toc164544649]5.4	Use case #4:  Performance evaluation on throughput of RedCap
[bookmark: _Toc164544650]5.4.1	Description
RedCap (Reduced Capability) represents a lightweight access technology within the 5G NR network, designed to satisfy the requirements for cost-effective, energy-efficient, and moderate-data-rate solutions. Some typical use cases, such as industrial sensors, video surveillance, wearables, etc., have been specified in TR 38.865 [5], primarily applied in verticals to to facilitate the digital transformation.
UE experienced data rate is an essential and important performance indicator for communication services. Compared to non-Redcap UEs, RedCap UEs have a lower cost and streamlined capabilities. For instance, in terms of average DL data rate which is measured by throughput, the requirement for legacy eMBB UEs is mostly more than 100Mbps while that for RedCap UE is ranging from less than 2Mbps to 50Mbps. In co-existence scenario, average throughput is calculated combining the two types of UEs together in the current approach specfied in TS 28.552 [10]. The result may not relect the network performance of RedCap accurately.
Consequently, it is crucial to investigate an approach for separately calculating the data rate of RedCap UEs and defining the throughput performance of networks that deliver RedCap services. This will ensure a more precise evaluation of the user experience for RedCap UEs.
[bookmark: _Toc164544651]5.4.2	Potential requirements
REQ-RedCap-Perf-Throughput: The MnS shall have capability to provide measurements or KPIs related to throughput for RedCap UEs in NR network.




[bookmark: _Toc164544652][bookmark: _Toc138338808][bookmark: _Toc156397175][bookmark: _Toc156410435]5.X Use case#A: title
[bookmark: _Toc164544653]5.X.1 Description
[bookmark: _Toc164544654]5.X.2 Potential requirements
[bookmark: _Toc164544655]5.X.3 Potential solutions
[bookmark: _Toc164544656]5.X.3.1 solution1
[bookmark: _Toc164544657]5.X.3.2 solution2
[bookmark: _Toc164544658]5.X.3.2 solution…
[bookmark: _Toc164544659]5.X.4 Evaluation of potential solutions

[bookmark: _Toc164544660]6	Conclusions and recommendations
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