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1 Introduction
In RAN #92-e meeting [1], the justification for WI scope about the RedCap devices is shown as following.
	The usage scenarios that have been identified for 5G are enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), and Ultra-Reliable and Low Latency communication (URLLC). Yet another identified area is time sensitive communication (TSC). In particular, mMTC, URLLC and TSC are associated with novel IoT use cases that are targeted in vertical industries. It is envisaged that eMBB, mMTC, URLLC and TSC use cases may all need to be supported in the same network. 

In the 3GPP study on "self-evaluation towards IMT-2020 submission" it was confirmed that NB-IoT and LTE-MTC (a.k.a. eMTC) fulfil the IMT-2020 requirements for mMTC and can be certified as 5G technologies. For URLLC support, URLLC features were introduced in Release 15 for both LTE and NR, and NR URLLC is further enhanced in Release 16 within the enhanced URLLC (eURLLC) and Industrial IoT work items. Rel-16 also introduced support for Time-Sensitive Networking (TSN) and 5G integration for TSC use cases.

Beside the use cases that are already adequately addressed by the mentioned technologies, the following categories of mid-range use cases have been identified where some NR enhancements may be motivated.

· One important objective of 5G is to enable connected industries. 5G connectivity can serve as catalyst for next wave of industrial transformation and digitalization, which improve flexibility, enhance productivity and efficiency, reduce maintenance cost, and improve operational safety.  Devices in such environment include e.g. pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. It is desirable to connect these sensors and actuators to 5G radio access and core networks. The massive industrial wireless sensor network (IWSN) use cases and requirements described in TR 22.804, TS 22.104, TR 22.832 and TS 22.261 include not only URLLC services with very high requirements, but also relatively low-end services with the requirement of small device form factors, and/or being completely wireless with a battery life of several years. The requirements for these services are higher than LPWA (i.e. LTE-MTC/NB-IoT) but lower than URLLC and eMBB.

· Similar to connected industries, 5G connectivity can serve as catalyst for the next wave smart city innovations.  As an example, TR 22.804 describes smart city use case and requirements for that. The smart city vertical 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.

· Finally, wearables use case includes smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications, etc. One characteristic for the use case is that the device is small in size.

As a baseline, the requirements for these three use cases are:

Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors.

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor.

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

Use case specific requirements: 

· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Video surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL, and peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

Techniques for UE complexity reduction, coverage recovery and UE power saving for these use cases have been studied in the RedCap study item documented in TR 38.875.

The intention with this WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.


From the above justification, compared with legacy NR UEs, lower capabilities would be expected for RedCap UEs. However, for the legacy NR UE features, it is not clear which legacy NR features can be reused/supported for RedCap UEs. In this document, we discuss the issues related to support of legacy NR features for RedCap UEs.

2 Discussion
In Release 15, all the RAN1 features [2] are listed in the annex A. For R15 features, it is seen that there are lot of features mandatory without capability signalling. These features are kind of basic functions of the communication system. All the mandatory features without signalling are shown as following:

CP-OFDM waveform for DL and UL, DFT-S-OFDM waveform for UL, DL modulation scheme, UL modulation scheme,  Basic initial access channels and procedures, Basic PDSCH reception, Basic downlink DMRS for scheduling type A, Basic downlink DMRS for scheduling type B, Basic SRS, Basic TRS, Basic CSI feedback, Basic PUSCH transmission, Basic uplink DMRS (uplink) for scheduling type A, Basic uplink DMRS for scheduling type B, Basic DL control channel, Basic UL control channel, Basic scheduling/HARQ operation, Basic BWP operation with restriction, Channel coding, Basic power control operation.

These basic functions also need to be supported for RedCap UE. So, we have the following proposal:

Proposal 1: For RAN1 R15 mandatory features without signaling, they should be supported for RedCap as the same with NR.

Additionally, according to the WID description, at least carrier aggregation, dual connectivity and wider bandwidths related features are not supported. Therefore, for any R15~R17 feature which is based on that, they should not be supported for RedCap UE.

Observation 1: According to RedCap WID description, carrier aggregation, dual connectivity and wider bandwidths related features are not supported for RedCap UE.
For those mandatory features with capability signalling, we should be careful that not all of them should be supported for RedCap UE or not all of them can be supported without discussion. For example, for feature group 8-1 Dynamic power sharing for LTE-NR DC, it is a mandatory feature with capability signalling. However, it is based on LTE-NR DC, which should not be supported for RedCap UE. For feature 2-3 PDSCH MIMO layers, obviously, the maximum MIMO layers configured by maxNumberMIMO-LayersPDSCH is not appropriate for RedCap UE with 1Rx at least and this mandatory feature with signaling is not needed. Also, for feature 1-13 Maximal number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot configured by maxNumberCSI-RS-RRM-RS-SINR, we need to confirm whether the larger values are needed for RedCap UE. Additionally, it is mentioned in [3] that feature groups including 1-7 CSI-RS based RLM, 2-4a Additional active TCI state for PDCCH and 2-61 Additional active spatial relation for PUCCH, can be optional, and those mandatory features, including, 2-16b Support 1+2 DMRS (uplink), 4-12HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group are not needed.
For those optional features with capability signalling, we also need to carefully check each case. Those features based on CA/DC should not be supported at least, for example, 6-25,6-25a,6-21,6-22,6-23, 6-10, 4-26, 3-8 and so on. Also, we need to check whether those features are suitable for RedCap UE, for example, for feature group 5-22 CBG-based re-transmission for DL using CBGTI, we need to confirm that whether we have the necessity to support this feature with the reduced bandwidth and TBS or whether we need to make a modification for this feature.

Observation 2: For the R15 optional features and mandatory features with capability signalling, some candidate values for a feature or some features are not appropriate for RedCap due to Rx reduction and capabilities reduction.

In release 16, almost all the feature groups are optionally supported, except 20-2 Inter-IAB-node discovery and measurements: SSB reception configuration, 15-14 Sidelink CSI report, 14-6 New RACH configuration for FR1 TDD. All the main features are listed in the following table 2

Table 2. R16 features list
	Features 
	Notes 

	9. NR_2step_RACH
	

	10. NR-unlicensed
	 

	11. NR_L1enh_URLLC
	Feature group 11-2 is related to the UE capability of CCE detection.

Feature group 11-7, the URLLC and eMBB traffic multiplexing requires the high UE processing capability.

RAN4 impacts, for example, UE demodulation performance requirements, need to be discussed for RedCap UE.

	12. NR_IIOT
	Depend on RAN2 discussion

	13. NR Positioning
	Need to check the RAN4 impact from Rx reduction and bandwidth reduction on positioning performance. 

	14. NR TEI
	

	12. 5G_V2X_NRSL
	RAN4 impact from RF (detection time and reception time) and RM indicator (especially for idle mode) should be considered.

If RedCap UE is not identified for V2X, the V2X transmission performance would be impacted. 
 

	16. NR_eMIMO
	The RAN1 impact from CA and antenna number should be checked.

	17. NR_CLI_RIM
	The upper limit value for RSSI is not appropriate for RedCap UE.

The limited bandwidth of SRS should be considered.

The CLI indicator from RAN4 definition would be impacted.

	18. MR-DC/CA enhancement
	Not supported

	19.UE Power Saving
	WUS performance requirement may be different in RAN4 due to Rx reduction.


	20. NR_IAB
	

	21. Mobility Enhancement
	Depends on RAN2 discussion.

	22. NR Others
	


From above Table 2, it is seen that for each feature, if these features are reused for RedCap UE, we need to carefully check whether there exists the RAN4 impact, or other issues. For example, NR 2step_RACH and power saving are focused since they are beneficial for power saving and would not increase the complexity significantly. NR_IAB may also be considered for RedCap UEs due to the benefit of coverage enhancement. However, for V2X, NR_CLI_RIM, NR_L1enh_URLLC, there may exist the RAN4 impacts when they are reused for RedCap. 
Observation 3: If some R16 NR features are supported for RedCap, there may exist RAN1 and RAN4 impacts.

In Rel-17, the UE features are under discussion. The specification impacts of Rel-17 features are still uncertain. Therefore, it's too early to conclude whether to consider Rel-17 features for RedCap UEs. It is worth mentioning that the power saving enhancement has a benefit for RedCap UEs to achieve longer battery life. The positioning service and higher positioning accuracy is needed especially for the wearables with mobility. For coverage enhancement, some coverage recovery requirements for RedCap UEs are also included in Rel-17 NR CE WI, the solutions in Rel-17 NR CE may be reused for RedCap UEs. However, we also need to double check whether there exists the RAN4 impacts or whether we have the requirements.

Therefore, from above analysis, it is seen that for mandatory features with capability signalling, we need to check whether it can/should be optionally supported for RedCap. For each feature, we also need to check whether is needed for RedCap UE, whether there exists the RAN1 impacts, e.g., candidate values modification, whether there exists the RAN4 impacts. Based on this, we have the following proposal: 
Proposal 2: All the features should be discussed case by case, including
· Whether mandatory feature with capability signalling is changed as optional.
· Whether this feature should be supported for RedCap. 
· For those supported features, whether there exists the RAN1 impacts.
· For those supported features, whether there exists the RAN4 impacts.
3 Conclusion
In this contribution, we have discussed the NR UE features for RedCap UEs. We make the following proposals:
Observations:
Observation 1: According to RedCap WID description, carrier aggregation, dual connectivity and wider bandwidths related features are not supported for RedCap UE.
Observation 2: For the R15 optional features and mandatory features with capability signalling, some candidate values for a feature or some features are not appropriate for RedCap due to Rx reduction and capabilities reduction.

Observation 3: If some R16 NR features are supported for RedCap, there may exist RAN1 and RAN4 impacts.

Proposals:

Proposal 1: For RAN1 R15 mandatory features without signaling, they should be supported for RedCap as the same with NR.

Proposal 2: All the features should be discussed case by case, including
· Whether mandatory feature with capability signalling is changed as optional.
· Whether this feature should be supported for RedCap. 
· For those supported features, whether there exists the RAN1 impacts.
· For those supported features, whether there exists the RAN4 impacts.
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Annex A

Table 1. R15 features list
	Features
	Index
	Feature group
	Mandatory/Optional

	0. Waveform, modulation, subcarrier spacings, and CP
	0-1
	CP-OFDM waveform for DL and UL
	Mandatory without capability signalling

	
	0-2
	DFT-S-OFDM waveform for UL
	Mandatory without capability signalling

	
	0-3
	DL modulation scheme
	Mandatory without capability signalling

	
	0-4
	UL modulation scheme
	Mandatory without capability signalling

	
	0-5
	Extended CP
	Optional with capability signalling

	1. Initial access and mobility
	1-1
	Basic initial access channels and procedures
	Mandatory without capability signalling

	
	1-2
	SS block based SINR measurement (SS-SINR)
	Optional with capability signalling

	
	1-3
	SS block based RLM
	Mandatory with capability signalling which shall be set to '1'

	
	1-4
	CSI-RS based RRM measurement with associated SS-block
	Optional with capability signalling

	
	1-5
	CSI-RS based RRM measurement without associated SS-block
	Optional with capability signalling

	
	1-6
	CSI-RS based RS-SINR measurement
	Optional with capability signalling

	
	1-7
	CSI-RS based RLM
	Mandatory with capability signalling

	
	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	Optional with capability signalling

	
	1-9
	CSI-RS based contention free RA for HO
	Optional with capability signalling

	
	1-10
	Support of SCell without SS/PBCH block
	Mandatory with capability signalling for intra-band CA

This feature is not supported for inter band CA

	
	1-11
	Support of CSI-RS RRM measurement for SCell without SS/PBCH block
	Optional with capability signalling

	
	1-12
	E-UTRA RS-SINR measurement
	Optional with capability signalling

	
	1-13
	Maximal number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot
	Candidate value set: {4,8,16,32,64, 96}

	
	1-14
	Maximal number of CSI-RS resources within a slot per PCell/PSCell for CSI-RS based RLM
	Candidate value set: {2,4, 6, 8}

	2. MIMO
	2-1
	Basic PDSCH reception
	Mandatory without capability signalling

	
	2-2
	PDSCH beam switching
	Mandatory with capability signalling for FR2

Candidate value set for X1 is {7, 14, 28},

Candidate value set for X2, {14, 28}

	
	2-3
	PDSCH MIMO layers
	For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2.

Some relaxations to this requirement may be applicable in the future (including in Rel-15).

Mandatory in all cases means mandatory with capability signalling.

It is not expected that there is a signalling change (i.e. signalling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.

	
	2-4
	TCI states for PDSCH
	Mandatory with capability signalling

Component-1: Candidate value set: {1, 2, 4, 8}

Component-2: candidate value set: {4, 8, 16, 32, 64, 128}

UE is mandated to signal 64 for FR2.

For FR1, UE is mandated to report at least the max number of allowed SSB in the band.

	
	2-4a
	Additional active TCI state for PDCCH
	Mandatory with capability signalling

	
	2-5
	Basic downlink DMRS

for scheduling type A
	Mandatory without capability signalling (condition to scheduling capability)

	
	2-6
	Basic downlink DMRS

for scheduling type B
	Mandatory without capability signalling (condition to scheduling capability)

	
	2-6a
	Support 1+2 DMRS (downlink)
	Mandatory with capability signalling

	
	2-6b
	Support alternative additional DMRS location
	Optional with capability signalling

	
	2-7
	Supported 2 symbols front-loaded DMRS (downlink)
	Optional with capability signalling

	
	2-8
	Supported 2 symbols front-loaded +2 symbols additional DMRS (downlink)
	Optional with capability signalling

	
	2-9
	Support 1+3 DMRS symbols(downlink)
	Optional with capability signalling

	
	2-10
	Support DMRS type (downlink)
	Type 1 is mandatory with capability signalling.

Type 2 is optional with capability signalling

	
	2-11
	Downlink dynamic PRB bundling (downlink)
	Optional with capability signalling

	
	2-12
	Basic PUSCH transmission
	Mandatory without capability signalling

	
	2-13
	PUSCH codebook coherency subset
	Optional with UE capability

Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}

	
	2-14
	Codebook based PUSCH MIMO transmission
	Optional with UE capability

Component-1:

Candidate value: {no-codebook based MIMO, 1, 2, 4}

Component-2

Candidate value: {1, 2}

	
	2-15
	non-codebook based PUSCH transmission
	Optional with UE capability

Component-1 candidate values: {1, 2, 4}

Component-2

Candidate value: {1,2,3,4}

Component-3

Candidate value: {1,2,3,4}

	
	2-15a
	Association between CSI-RS and SRS
	Optional with capability signalling

Component-2:

Maximum size of the list is 16.

the candidate values for the max # of Tx port in one resource is

{2, 4, 8, 12, 16, 24, 32}

The candidate value set of the max # of resources is:

{from 1 to 64}

The candidate value set of total # of ports is:

{from 2 to 256}

	
	
	
	

	
	2-15b
	CSI-RS processing framework for SRS
	Optional with capability signalling

Component-1 candidate values: {1, 2, 3, 4}

Component-2 candidate values {1, 2, 3, 4}

Component-3 candidate values: {0, 1, 2, 3, 4}

Component-4

candidate values: {from 1 to 8}

Component-5:

candidate values: {from 5 to 32}

	
	
	
	

	
	2-16
	Basic uplink DMRS (uplink) for scheduling type A
	Mandatory without capability signalling

	
	2-16a
	Basic uplink DMRS

for scheduling type B
	Mandatory without capability signalling

	
	2-16b
	Support 1+2 DMRS (uplink)
	Mandatory with capability signalling

	
	2-17
	Support DMRS type (uplink)
	Support both type 1 and type 2 are mandatory with capability signalling

	
	2-18
	Supported 2 symbols front-loaded DMRS (uplink)
	Mandatory with capability signalling

	
	2-18a
	Supported 2 symbols front-loaded +2 symbols additional DMRS (uplink)
	Mandatory with capability signalling

	
	2-19
	Support 1+3 uplink DMRS symbols(uplink)
	Optional with capability signalling

	
	2-20
	Beam correspondence
	Mandatory with capability signalling

- UE that fulfils the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1

- UE that fulfils the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0

	
	2-21
	Periodic beam report
	Mandatory with capability signalling for both FR1 and FR2

	
	2-22
	Aperiodic beam report
	Mandatory with capability signalling for both FR1 and FR2

	
	2-23
	Semi-persistent beam report on PUCCH
	Optional with capability signalling

	
	2-23a
	Semi-persistent beam report on PUSCH
	Optional with capability signalling

	
	2-24
	SSB/CSI-RS for beam measurement
	Mandatory with capability signalling

Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}

On FR2, UE is mandated to signal MB_1 >=8

On FR1, MB_1 >=8 is supported mandatory with capability signalling.

Component-2, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}

For FR1, UE is mandated to report at least 8.

Component-3, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-4: candidate value set:

{"not supported", "1 only", "3 only", "both 1 and 3"}

On FR2, UE is mandated to signal either "3 only" or "both 1 and 3"

On FR1, either "3 only" or "both 1 and 3" is mandatory with UE capability signalling.

Component-5, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}

For both FR1 and FR2, UE is mandated to report at least 4

	
	2-25
	Beam reporting timing
	Mandatory with capabilit

Candidate value sets:

X1 is {2, 4, 8}

X2 is {4, 8, 14, 28}

X3 is {8,14, 28}

X4 is{14,28, 56}

	
	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	Mandatory with UE capability at least for FR2

Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}

	
	2-27
	Beam switching
	Optional with capability signalling

Candidate value set: {4, 7, 14}

	
	2-28
	A-CSI-RS beam switching timing
	Optional with capability signalling

Candidate values:

{14, 28, 48, 224, 336}

	
	2-29
	Non-group based beam reporting
	Mandatory with capability for both FR1 and FR2

candidate value set is {1, 2, 4}

	
	2-29a
	Group based beam reporting
	Optional with capability signalling

	
	2-30
	Uplink beam management
	Optional with capability signalling

- Capability signalling shall be set to 1 if 2-20 is set to 0

- For the UE meeting the minimum peak EIRP and spherical coverage requirements without the uplink beam sweeping, this feature is optional

Component-2, candidate value set is {2, 4, 8, 16}

Component-3, candidate value set is {from 1 to 8}

	
	2-31
	Beam failure recovery
	Mandatory with capability signalling for FR2

Optional with capability signalling for FR1

Component-1 candidate value set: {from 1 to 16}

Component-2 candidate: {from 1 to 16}

Component-3:

Candidate value set is: {from 1 to 128}

UE is mandated to support at least 32 for FR2

	
	2-32
	Basic CSI feedback
	Mandatory without capability signalling

	
	2-32a
	Semi-persistent CSI report on PUCCH
	Optional with capability signalling

	
	2-32b
	Semi-persistent CSI report on PUSCH
	Optional with capability signalling

	
	2-32c
	New CQI table
	Optional with capability signalling

	
	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	Mandatory with capability signalling

Component-1 candidate values: {from 1 to 32}

Component-2 candidate values: {2, 4, 8, 12, 16, 24, 32, 40, 48 … ,256}

Component-3: candidate values: {1,2,4,8,16,32}

Component-4: candidate values {5, 6, 7, 8, 9, 10, 12, 14, 16, …, 62, 64} (includes all even numbers between 16 and 64)

Component-5: candidate values {1, 2, 3 … 32}

Component-6: candidate values {8, 16, 24, …, 248, 256}

Component-7: candidate values {8, 16, 24, … 128 }

	
	
	
	

	
	2-33a
	Supported PDSCH RE-mapping patterns
	Mandatory with capability signalling

candidate values: {10, 20} for FR1

{6, 20} for FR2

Compponent-2 candidate values: {from 16: 16: 256} for FR1

{16: 16: 256} for FR2

	
	
	
	

	
	2-33b
	SP CSI-RS
	Mandatory with capability signalling

	
	2-33c
	SP CSI-IM
	Optional with capability signalling

	
	2-34
	NZP-CSI-RS based interference measurement
	Optional with capability signalling

	
	2-35
	CSI report framework
	Mandatory with capability signaling

Component-1 candidate values: {1, 2, 3, 4}

Component-1a candidate values: {1, 2, 3, 4}

Component-2 candidate values {1, 2, 3, 4}

Component-2a candidate values {1, 2, 3, 4}

Component-2b candidate values {3, 7, 15, 31, 63, 128}

Component-3 candidate values: {0, 1, 2, 3, 4}

Component-3a candidate values: {0, 1, 2, 3, 4}

Component-4

candidate values: {from 1 to 8}

Component-5:

candidate values: {from 5 to 32}

	
	
	
	

	
	2-36
	Type I single panel codebook
	Mandatory with capability signalling

Component-1:

Maximum size of the list is 16.

the candidate values for the max # of Tx port in one resource is

{2, 4, 8, 12, 16, 24, 32}

The candidate value set of the max # of resources is:

{from 1 to 64}

The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:

{from 2 to 256}

Component-2 candidate values:

{"Mode-1 only\2, "Mode-1 and Mode-2"}.

Component-3 Candidate values set: {1:8}

	
	
	
	

	
	2-37
	Support Semi-open loop CSI
	Optional with capability signalling

	
	2-38
	CSI report without PMI
	Optional with capability signalling

	
	2-39a
	CSI report without CQI
	Optional with capability signalling

	
	2-40
	Type I multi-panel codebook
	Optional with capability signalling

Component-1:

Maximum size of the list is 16.

the candidate values for the max # of Tx port in one resource is

{8, 16, 32}

The candidate value set of the max # of resources is:

{from 1 to 64}

The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:

{from 2 to 256}

Component-2 candidate values:

{Mode-1, Mode-2, both}

Component-3:

Candidate value: {2,4}

Component-4: candidate value set is {1:8}

	
	
	
	

	
	2-41
	Type II codebook
	Optional with capability signalling

Component-1: Maximum size of the list is 16.

the candidate values for the max # of Tx port in one resource is

{4, 8, 12, 16, 24, 32}

The candidate value set of the max # of resources is:

{from 1 to 64}

The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:

{from 2 to 256}

Component-2, candidate values {2,3,4}

Component-3, candidate values set: {wideband, wideband/subband}

Component-4, candidate value set: {"no amplitude subset restriction", "support amplitude subset restriction"}

	
	
	
	

	
	2-42
	Support Type II SP-CSI feedback on long PUCCH
	Optional with capability signalling

	
	2-43
	Type II codebook with port selection
	Optional with capability signalling

Component-1:

Maximum size of the list is 16.

the candidate values for the max # of Tx port in one resource is

{4, 8, 12, 16, 24, 32}

The candidate value set of the max # of resources is:

{from 1 to 64}

The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:

{from 2 to 256}

Component-2, candidate values set for "Lx" is {2,3,4}

Component-3, candidate values set: {wideband, wideband/subband}

Component-4: candidate value set is {1:8}

	
	
	
	

	
	2-44
	Basic DL PTRS
	Mandatory with capability signalling for FR2

Optional with capability signalling for FR1

	
	2-46
	Downlink PTRS density recommendation
	Optional with capability signalling

	
	2-47
	Basic UL PTRS
	Mandatory with capability signalling for FR2

Optional with capability signalling for FR1

	
	2-48
	Uplink PTRS
	Optional with capability signalling

	
	2-49
	Uplink PTRS density recommendation
	Optional with capability signalling

	
	2-50
	Basic TRS
	Mandatory without capability signalling

	
	2-51
	TRS (CSI-RS for tracking)
	Mandatory with capability signalling

Component-1:

candidate values {1, "both 1 and 2"}. UE is mandated to report "both 1 and 2"

Component-2: Candidate value set: {1 to 8}

Component-3: Candidate value set: {1 to 64}

UE is mandated to report at least 8 for FR1 and 16 for FR2.

Component-4: Candidate value set: {1 to 256}

UE is mandated to report at least 16 for FR1 and 32 for FR2.

	
	2-51a
	Aperiodic TRS
	Optional with capability signalling

	
	2-52
	Basic SRS
	Mandatory without capability signalling

	
	2-53
	SRS resources
	Mandatory with capability signalling

Component-1: candidate value: {from 1, 2, 4, 8, 16}

Component-2 candidate value: {1,2,3,4,5,6}

Component-3: candidate value: {from 1, 2, 4, 8, 16}

Component-4 candidate value: {1,2,3,4,5, 6}

Component-5: candidate value: {from 1, 2, 4, 8, 16} }

Component-6 candidate value: {1, 2,3,4,5, 6}

Component-7 candidate values: {1, 2, 4}

Support SP-SRS is mandatory with capability

	
	2-55
	SRS Tx switch
	Mandatory with capability signalling

Component-1 is a list of TRx pairs, candidates are {"Not supported", "1T2R", "1T4R", "2T4R", "1T4R/2T4R", "1T=1R", "2T=2R", "4T=4R"}

Component-2: Candidate value set: {yes, no}

Component-3: Candidate value set: {yes, no}

	
	2-56
	SRS carrier switch
	Optional with capability signalling

	
	2-58
	For SRS for CB PUSCH and antenna switching on FR1, zero slot offset for aperiodic SRS transmission
	Optional with capability signalling

	
	2-59
	Configured spatial relations
	Candidate value set: {4, 8, 16, 32, 64, 96}

UE is mandated to report 16 or higher values.

	
	2-60
	Active spatial relations
	Mandatory with capability signalling

Candidate value set: {1, 2, 4, 8, 14}

	
	2-61
	Additional active spatial relation for PUCCH
	Mandatory with capability signalling

	
	2-62
	Max number of downlink RS resources used for QCL type-D in the active TCI states and active spatial relation info
	Optional with capability signalling

Candidate value set: {1,2,4,8, 14}

	3. DL control channel and procedure
	3-1
	Basic DL control channel
	Mandatory without capability signalling

	
	3-1'
	For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 3 OFDM symbols for FR2
	Mandatory with capability signalling

	
	3-2
	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	Optional with capability signalling

	
	3-3
	More than one

CORESET configurations per BWP in addition to CORESET0
	Optional with capability signalling for FR1

Mandatory with capability signalling for FR2

	
	3-4
	More than one TCI state configurations per CORESET
	Mandatory with capability signaling which shall be set to '1'

	
	3-5
	For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2
	Optional with capability signalling

	
	3-5a
	For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a DCI gap
	Optional with capability signalling

	
	3-5b
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	Optional with capability signalling

Candidate value set for (X, Y):

{(7, 3),

(4, 3) and (7, 3),

(2, 2) and (4, 3) and (7, 3)}

	
	3-6
	Dynamic SFI monitoring
	Optional with capability signalling

	
	3-7
	Precoder-granularity of CORESET size
	Optional with capability signalling

	
	3-8
	Up to 10 search spaces in a SCell
	Optional with capability signalling

	4. UL control channel and procedure
	4-1
	Basic UL control channel
	Mandatory without capability signalling

	
	4-2
	2 PUCCH of format 0 or 2 in consecutive symbols
	Optional with capability signalling

	
	4-3
	PUCCH format 2 over 1 – 2 OFDM symbols once per slot with frequency hopping as "enabled"
	Mandatory with capability signalling which shall be set to '1'

	
	4-4
	PUCCH format 3 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	Mandatory with capability signalling which shall be set to '1'

	
	4-5
	PUCCH format 4 over 4 – 14 OFDM symbols once per slot with frequency hopping as "enabled"
	Mandatory with capability signalling

	
	4-6
	Non-frequency hopping for PUCCH formats 0 and 2 with frequency hopping as "disabled"
	Mandatory with capability signalling

	
	4-7
	Non-frequency hopping for PUCCH format 1, 3, and 4 with frequency hopping as "disabled"
	Mandatory with capability signalling

	
	4-10
	Dynamic HARQ-ACK codebook
	Mandatory with capability signaling which shall be set to '1'

	
	4-11
	Semi-static HARQ-ACK codebook
	Mandatory with capability signalling

	
	4-12
	HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group
	Mandatory with capability signalling

	
	4-13
	More than one SR configurations per PUCCH group
	Optional with capability signalling

	
	4-19
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot
	Mandatory with capability signalling

	
	4-19a
	SR/HARQ-ACK multiplexing once per slot using a PUCCH (or HARQ-ACK piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent with different starting symbols in a slot
	Optional with capability signalling

	
	4-19b
	SR/HARQ-ACK/CSI multiplexing more than once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same or different starting symbol in a slot
	Optional with capability signalling

	
	4-19c
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with different starting symbols in a slot
	Optional with capability signalling

	
	4-20
	UCI code-block segmentation
	Mandatory with capability signalling

	
	4-21
	Dynamic beta-offset configuration and indication for HARQ-ACK and/or CSI
	Optional with capability signalling

	
	4-22
	1 PUCCH format 0 or 2 and 1 PUCCH format 1, 3, or 4 in the same slot
	Optional with capability signalling

	
	4-22a
	2 PUCCH transmissions in the same slot which are not covered by 4-22 and 4-2
	Optional with capability signalling

	
	4-23
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	Mandatory with capability signalling

	
	4-24
	PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource
	Mandatory with capability signalling for FR2

Optional with capability signalling for FR1

	
	4-25
	Parallel SRS and PUCCH/PUSCH transmission across CCs in inter-band CA
	Optional with capability signalling

	
	4-26
	Parallel PRACH and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA
	Optional with capability signalling

	
	4-27
	More than one group of overlapping channels for control multiplexing
	Optional with capability signalling

	
	4-28
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols
	Mandatory with capability signalling

	5. Scheduling/HARQ operation
	5-1
	Basic scheduling/HARQ operation
	Mandatory without capability signalling

	
	5-1a
	UE specific RRC configure UL/DL assignment
	Optional with capability signalling

	
	5-1b
	More than one DL/UL switch point in a slot
	Optional with capability signalling

	
	5-2
	RA Type 0 for PUSCH
	Optional with capability signalling

	
	5-3
	Dynamic switching between RA Type 0 and RA Type 1 for PDSCH
	Optional with capability signalling

	
	5-4
	Dynamic switching between RA Type 0 and RA Type 1 for PUSCH
	Optional with capability signalling

	
	5-5a
	UE PDSCH processing capability #2
	Optional with capability signaling

Candidate values for Component 1:

X in {1, ..., 16},

Fallback {'SC','Cap1-only'}

	
	5-5b
	UE PDSCH processing capability #2 with scheduling limitation for 30kHz-SCS
	Optional with capability signaling

Component 4) the value ranges {1, 2, 4, 7}

	
	5-5c
	UE PUSCH processing capability #2
	Optional with capability signaling

Candidate values for Component 1:

X in {1, …, 16},

Fallback {'SC','Cap1-only'}

	
	5-6
	PDSCH mapping type A with less than 7 OFDM symbols
	Mandatory with capability signalling which shall be set to '1'

	
	5-6a
	PDSCH mapping type B
	Mandatory with capability signalling

	
	5-7
	Interleaving for VRB-to-PRB mapping for PDSCH
	Mandatory with capability signalling

	
	5-9
	Intra-slot frequency-hopping for PUSCH except for PUSCH scheduled by Type 1 CSS before RRC connection
	Mandatory with capability signalling

	
	5-10
	Inter-slot frequency hopping for PUSCH
	Optional with capability signalling

	
	5-11
	Up to 2 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-11a
	Up to 7 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-11b
	Up to 4 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-12
	Up to 2 PUSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-12a
	Up to 7 PUSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-12b
	Up to 4 PUSCHs per slot per CC for different TBs for UE processing time Capability 1
	Optional with capability signalling

	
	5-13
	Up to 2 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-13a
	Up to 7 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-13c
	Up to 4 unicast PDSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-13d
	Up to 2 PUSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-13e
	Up to 7 PUSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-13f
	Up to 4 PUSCHs per slot per CC for different TBs for UE processing time Capability 2
	Optional with capability signalling

Candidate values for Component 1:

X in {1, …, 16},

	
	5-14
	Type 1 configured PUSCH repetitions over multiple slots
	Optional with capability signalling

	
	5-16
	Type 2 configured PUSCH repetitions over multiple slots
	Optional with capability signalling

	
	5-17
	PUSCH repetitions over multiple slots
	Mandatory with capability signalling

	
	5-17a
	PDSCH repetitions over multiple slots
	Optional with capability signalling

	
	5-18
	DL SPS
	Optional with capability signalling

	
	5-19
	Type 1 Configured UL grant
	Optional with capability signalling

	
	5-20
	Type 2 Configured UL grant
	Optional with capability signalling

	
	5-21
	Pre-emption indication for DL
	Optional with capability signalling

	
	5-22
	CBG-based re-transmission for DL using CBGTI
	Optional with capability signalling

	
	5-23
	CBGFI for CBG-based re-transmission for DL
	Optional with capability signalling

	
	5-24
	Dynamic HARQ-ACK codebook using sub-codebooks for CBG-based re-transmission for DL
	Optional with capability signalling

	
	5-25
	CBG-based re-transmission for UL using CBGTI
	Optional with capability signalling

	
	5-26
	Semi-static rate-matching resource set configuration for DL
	Mandatory with capability signalling

	
	5-27
	Dynamic rate-matching resource set configuration for DL
	Optional with capability signalling

	
	5-27a
	Dynamic rate-matching control resource set for DL
	Mandatory with capability signalling

	
	5-28
	Rate-matching around LTE CRS
	Mandatory with capability signalling

	
	5-29
	LBRM for PUSCH
	Optional with capability signalling

	
	5-30
	DL scheduling slot offset greater than zero for PDSCH mapping type A
	Mandatory with capability signalling

	
	5-30a
	DL scheduling slot offset greater than zero for PDSCH mapping type B
	Mandatory with capability signalling

	
	5-31
	UL scheduling slot offset greater than 12
	Mandatory with capability signalling

	
	5-32
	Separation of two unicast PDSCHs with a gap
	Optional with capability signalling

	
	5-33
	Separation of two unicast PUSCHs with a gap
	Optional with capability signalling

	
	5-34
	New 64QAM MCS table for PDSCH
	Optional with capability signalling

	
	5-34a
	New 64QAM MCS table for PUSCH
	Optional with capability signalling

	
	5-34b
	Dynamic indication of MCS table with MCS-C-RNTI for PDSCH
	Optional with capability signalling

	
	5-34c
	Dynamic indication of MCS tables with MCS-C-RNTI for PUSCH
	Optional with capability signalling

	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	Mandatory without capability signalling

	
	6-1a
	BWP operation without restriction on BW of BWP(s)
	Optional with capability signalling

	
	6-2
	Type A BWP adaptation with same numerology
	Optional with capability signalling

	
	6-3
	Type B BWP adaptation with same numerology
	Optional with capability signalling

	
	6-4
	BWP adaptation with different numerologies
	Optional with capability signalling

	
	6-5
	Basic DL NR-NR CA operation
	Optional with capability signalling

	
	6-5a
	PDCCH blind detection capability for CA
	{4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16}

	
	6-6
	Basic UL NR-NR CA operation
	Optional with capability signalling

	
	6-7
	Two NR PUCCH group with same numerology
	Optional with capability signalling

	
	6-8
	Different numerology across NR PUCCH groups
	Optional with capability signalling

	
	6-9
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
	Optional with capability signalling

	
	6-9a
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
	Optional with capability signalling

	
	6-10
	Cross carrier scheduling for the same numerology
	

	
	6-10a
	Cross carrier scheduling for different numerologies
	

	
	6-11
	Number of supported TAGs
	{1, 2, 3, 4}

	
	6-12
	Support 2 simultaneous UL transmissions for problematic cases
	Optional with capability signalling

	
	6-13
	Case 1 Single Tx UL LTE-NR DC
	Mandatory with capability signalling conditional on the UE not supporting simultaneous dual-Tx operation in the band combination; optional if the UE supports simultaneous dual-Tx operation in the band combination

	
	6-16
	Supplemental uplink
	Optional with capability signalling

	
	6-17
	Supplemental uplink with different numerologies between SUL and non SUL carriers
	Mandatory with capability signalling

	
	6-18
	Supplemental uplink with dynamic switch
	Optional with capability signalling

	
	6-19
	Simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell
	Optional with capability signalling

	
	6-21
	DL search space sharing for CA
	Optional with capability signalling

	
	6-22
	UL search space sharing for CA
	Optional with capability signalling

	
	6-23
	Incapability motivated by impacts of PA phase discontinuity with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers for intra-band EN-DC, intra-band CA, and FDM based ULSUP
	Optional with capability signalling

	
	6-24
	Applying the same UL timing between NR and LTE
	Optional with capability signalling

	
	6-25
	Support of synchronous NR-NR DC operation only wherein MCG is only in FR1 and SCG is only in FR2
	Optional with capability signalling

	
	6-25a
	PDCCH blind detection capability for MCG and for SCG in synchronous NR-NR DC
	Optional with capability signalling

	7. Channel coding
	7-1
	Channel coding
	Mandatory without capability signalling

	8. UL TPC
	8-1
	Dynamic power sharing for LTE-NR DC
	Mandatory with capability signalling

	
	8-2
	Operation A with single UL Tx case 1
	Mandatory with capability signalling conditioned that UE does not support dynamic power sharing, i.e., UE indicate "0" as non-support for 8-1, optional for UEs supporting dynamic power sharing

	
	8-3
	Basic power control operation
	Mandatory without capability signalling

	
	8-4
	TPC-PUSCH-RNTI
	Optional with capability signalling

	
	8-5
	TPC-PUCCH-RNTI
	Optional with capability signalling

	
	8-6
	TPC-SRS-RNTI
	Optional with capability signalling

	
	8-7
	Absolute TPC command mode
	Optional with capability signalling

	
	8-8
	UL power control with 2 PUSCH closed loops
	Mandatory with capability signalling

	
	8-9
	UL power control with 2 PUCCH closed loops
	Mandatory with capability signalling


