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[bookmark: foreword][bookmark: _Toc168315071]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: _Toc168315072]
1	Scope
The present document describes use cases, potential requirements, and solutions for the management aspects of RedCap feature.
[bookmark: references][bookmark: _Toc168315073]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".
[11]	3GPP TR 28.879: "Study on Enhanced AM for management exposure to externa consumers".


[bookmark: definitions][bookmark: _Toc168315074]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc168315075]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: _Toc168315076]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc168315077]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: _Toc168315078][bookmark: _Toc156410424]4 Concepts and Background
RedCap is a lightweight network access solution aiming at scenarios with relatively low cost, low energy consumption, and low data rate requirement, mainly applying to senecios such as industrial sensors, video surveillance, wearable scenarios, smart grid, etc. 
During Rel-17 and Rel-18, lots of normative works have been finished in RAN and CN to support the RedCap features in 3GPP system, bringing some new requirements in management aspects. For example, access bandwidth of RedCap UEs is reduced from conventional UEs, so the management needs adapt accordingly. Besides, different types of RedCap UEs require different capabilities and features.. 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. Hence, corresponding performance measurements, KPIs, feature management are supposed to be studied.

[bookmark: _Toc168315079]5 Use Cases
[bookmark: _Toc168315080]5.1	Use Case#1: Multi-Initial BWP under RedCap and Non-RedCap UEs co-existence scenario
[bookmark: _Toc119920972][bookmark: _Toc66206021][bookmark: _Toc100695506][bookmark: _Toc168315081]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: _Toc168315082]5.1.2	Potential requirements
[bookmark: _Hlk161680449]REQ-RedCapBWP_Config-1: The 3GPP management system should 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 should have the capability to configure initial BWP separately for RedCap UEs. 
[bookmark: _Toc168315083]5.1.3	Potential Solutions
[bookmark: _Toc138424026][bookmark: _Hlk161680725][bookmark: _Toc168315084]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: _Toc168315085]5.1.4 Evaluation of potential solutions
TBD

[bookmark: _Toc168315086]5.2	Use case #2: Monitoring EE KPI for RedCap service
[bookmark: _Toc168315087]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 performance, 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 investigated.
[bookmark: _Toc168315088]5.2.2	Potential requirements
REQ-RedCap-Perf-EE-1: The 3GPP management system should have capability to evaluate the energy efficiency for RedCap service.

[bookmark: _Toc168315089]5.3	Use case #3:  Monitoring of RRC connection number for RedCap service
[bookmark: _Toc168315090]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.
The measurements of inactive RedCap UEs can help operators better understand the status of inactive UEs for RedCap service, thereby optimizing resource allocation and avoiding resource waste. Understanding their inactivity status helps to perform load balancing and ensure network stability and efficient operation.
Monitoring of inactive RRC connection number for RedCap UEs can help operators use this information for dynamic frequency resource allocation or load balance purpose. Moreover, it is an important factor to be evaluated in the radio network capacity enhancement decision-making.
Monitoring of RRC connection resuming of RedCap UEs, or measuring the time it takes for a RedCap UE to resume from an inactive state to an active state, can help operators optimize connection recovery process and improve user experience. The success or failure of a RRC connection resuming directly impacts the quality level for delivering the service by the networks and user experience.
[bookmark: _Toc168315091]5.3.2	Potential requirements
REQ-RedCap_Perf_RRCNum-1: The 3GPP management system should have capability to provide measurements or KPIs related to RedCap RRC connection number in NR network.
REQ-RedCap-Perf-InactiveUEs: The 3GPP management system should have capability to provide measurements related to inactive RedCap UEs.
[bookmark: _Toc168315092]5.3.3	Potential Solutions
[bookmark: _Toc168315093]5.3.3.1	Potential solution #1
This solution proposes to reuse and enhance the exsiting measurements related to RRC connection number defined in TS28.552 [10] for this use case. 
Current measurements about RRC connection number includes Mean number of RRC Connections, Max number of RRC Connections, Mean number of stored inactive RRC Connections, Max number of stored inactive RRC Connections, etc. In order to achieve the requirement in clause 5.3.2, most aspects of the existing measurments can be reused and some enhancements also need to be introduced. 
In radio access procedure in 5G system, UEs (no matter legacy UEs or RedCap UEs) need to report to gNB about the NR UE Radio Access Capability Parameter using UE-NR-Capability IE, which is specified in clause 6.3.3 in TS 38.331 [2]. RedCapParameters is part of UE-NR-Capability IE which can be deliverd by the UE capability inquiry process. 
Based on the procedures above, gNB can be aware of whether the UE is RedCap or not when a UE tries to access to NG-RAN. Consequestly, the measurements that performed after the inquiry of UE capability can be seperated for different types of UEs. 
When there is more than one type of UEs (e.g. RedCap UEs, eMBB UEs) covered by a cell, the filter needs to be enhanced to optionally separate the measurement into subcounters to represent the RedCap RRC connection number. 
Take the Mean number of RRC Connection as an example: 
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Introduce a new filter which can be named as NewFilter, then RRC.ConnMean can be optionally separate as RRC.ConnMean.NewFilter to represent RedCap RRC connection number when the value of NewFilter is RedCap.
The subcounters filtered by the new filter with the value of RedCap can be used as metrics of RedCap RRC connection number.
[bookmark: _Toc168315094]5.3.4 Evaluation of potential solutions
TBD

[bookmark: _Toc168315095]5.4	Use case #4:  Monitoring of throughput for RedCap service
[bookmark: _Toc168315096]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 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 specified in TS 28.552 [10]. The result may not reflect 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: _Toc168315097]5.4.2	Potential requirements
REQ-RedCap-Perf-Throughput-1: The 3GPP management system should have capability to provide measurements or KPIs related to throughput for RedCap UEs in NR network.

[bookmark: _Toc168315098]5.4.3 Potential Solutions
[bookmark: _Toc168315099]5.4.3.1 Potential solution #1
This solution proposes to reuse and enhance the exsiting measurements related to UE throughput defined in TS28.552 [10] for this use case. 
Current measurements about UE throughput includes Average DL UE throughput in gNB, Distribution of DL UE throughput in gNB, Average UL UE throughput in gNB, Distribution of UL UE throughput in gNB, etc. In order to achieve the requirement in clause 5.4.2, most aspects of the existing measurments can be reused and some enhancements also need to be introduced. 
In radio access procedure in 5G system, UEs (no matter legacy UEs or RedCap UEs) need to report to gNB about the NR UE Radio Access Capability Parameter using UE-NR-Capability IE, which is specified in clause 6.3.3 in TS 38.331 [2]. RedCapParameters is part of UE-NR-Capability IE which can be deliverd by the UE capability inquiry process. 
Based on the procedures above, gNB can be aware of whether the UE is RedCap or not when a UE tries to access to NG-RAN. Consequestly, the measurements that performed after the inquiry of UE capability can be seperated for different types of UEs. 
When there is more than one type of UEs (e.g. RedCap UEs, eMBB UEs) covered by a cell, the filter needs to be enhanced to optionally separate the measurement into subcounters to represent the RedCap UE throughput. 
Take the Average DL UE throughput in gNB as an example: 
· Introduce a new filter which can be named as NewFilter, then DRB.UEThpDl can be optionally separate as DRB.UEThpDl.NewFilter to represent RedCap UE throughput when the value of NewFilter is RedCap.
The subcounters filtered by the new filter with the value of RedCap can be used as metrics of RedCap UE throughput.
[bookmark: _Toc168315100]5.4.4 Evaluation of potential solutions
TBD

5.5 Use case #5: RedCap Information Exposure
5.5.1 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. To enabling the CSC to provide more customized and efficient services, the Communication Service Provider(CSP) needs to expose certain network information with accessed RedCap to the CSC. However, the specific information needs of CSC vary under different RedCap use cases and deployment scenarios.
For instance, in industrial sensor scenarios, the CSC (industrial enterprise) needs the CSP to monitor and expose network performance indicators related to RedCap (e.g., throughput, latency, packet loss rate), and dynamically adjust RedCap network configuration (e.g., bandwidth, resource allocation) based on production demands.
In video surveillance scenarios, the CSC (security company) also needs the CSP to monitor and expose network performance indicators related to RedCap and dynamically adjust network configuration based on surveillance demands. Detail on exposure will not be handled by this study , please see [11] FS_MEXPO for general aspect of exposure mechanism..
5.5.2 Potential requirements
REQ-RedCap-Info-Exposure-1: The 3GPP management system may be capable of providing RedCap management data to the CSC based on different RedCap use cases and deployment scenarios.

5.6	Use case #6:  Performance evaluation on resource load of RedCap network service
5.6.1	Description
The radio resource utilization measurements could provide operators the load information of the radio network during the measurement time period. Compared to non-Redcap UEs, RedCap UEs use fewer network resources (e.g. PRBs) relative to eMBB (enhanced mobile broadband) devices due to their reduced capabilities and lower data rate requirements. PRBs related measurements may include total PRB usage, PDSCH PRB Usage, PUSCH PRB Usage etc.
In TS 28.552 [10], radio resource utilization metrics are used to evaluate the performance of the entire network, but the current approach combines the resource utilization of RedCap UEs and non-RedCap UEs, which may not accurately reflect the performance of the RedCap service.
RedCap UEs typically have reduced capabilities and different performance characteristics compared to standard UEs. 
Compared to non-Redcap UEs, RedCap UEs use fewer network resources (e.g. PRBs) related to eMBB (enhanced mobile broadband) devices. By distinguishing between the two types of UEs, network operators can better identify and troubleshoot specific network resource issues related to RedCap UEs and non-RedCap UEs, thus can allocate resources more efficiently and ensure that RedCap UEs receive adequate resource.
Therefore, it is essential to investigate an approach for separately calculating the resource load of RedCap UEs and defining the resource load performance of networks that deliver RedCap service. This will ensure a more precise evaluation of the user experience for RedCap UEs, thus make the operator to be aware of whether a cell has ever experienced high load or not in the monitoring period, and is a key input to network capacity planning and load balancing for RecCap service.
Similarly, to distinguish RedCap UEs and non-RedCap UEs for metric of the number of the active UEs in each cell is helpful for operators to know how many DRBs are running with buffered data per cell for different kinds of UEs. 
Through the metrics of radio resource utilization and active users of RedCap UEs and non-RedCap UEs, operators can better evaluate the overall consumption of network resources of RedCap UEs to facilitate adjustment of related network policies.
5.6.2	Potential requirements
REQ-RedCap-Perf-Resource: The 3GPP management system should have capability to provide measurements related to resource load of RedCap service.

[bookmark: _Toc168315101][bookmark: _Toc138338808][bookmark: _Toc156397175][bookmark: _Toc156410435]5.X Use case#A: title
[bookmark: _Toc168315102]5.X.1 Description
[bookmark: _Toc168315103]5.X.2 Potential requirements
[bookmark: _Toc168315104]5.X.3 Potential solutions
[bookmark: _Toc168315105]5.X.3.1 solution1
[bookmark: _Toc168315106]5.X.3.2 solution2
[bookmark: _Toc168315107]5.X.3.2 solution…
[bookmark: _Toc168315108]5.X.4 Evaluation of potential solutions
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