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1 Introduction

Before this agenda discussion, we already have some agreements indicating that some features are supported for RedCap and some features are not applicable for RedCap UE.

In RAN1 105e-meeting [1]:

Agreement:

· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles

· Separation of initial UL BWP

· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised
In RAN1 106e-meeting [2]:

Agreement
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs
In RAN2 115e-meeting [3], there are also some agreements:

	Agreements:
1.
The number of DRBs supported by RedCap UEs is less than legacy value (which is 16). There will 
be a single mandatory value (FFS if 4 or 8). FFS if it will be possible to have an optional capability

2.
“RRC processing delay” is not relaxed for RedCap UE

3.
PDCP/RLC AM 12 bits SN is mandatory for RedCap UE, and PDCP/RLC AM 18bits SN is optional 
supported by RedCap UE; FFS on how to capture this in specification

4.
NE-DC, and (NG)EN-DC are not supported by RedCap UE; FFS on how to capture it in the 
specification[

5.
DAPS and CAPC related capabilities are not applicable for RedCap UE; [8/20] FFS on CHO. FFS on 
how to capture this in the specification;

Agreements via email - from offline 109:

1.
Maximum 8 DRBs is mandatory supported by RedCap UEs.

2.
From RAN2 perspective, inter RAT mobility related capabilities are applicable for RedCap UE;

3.
From RAN2 perspective, measurement related capabilities are applicable for RedCap UE;

4.
From RAN2 perspective, URLLC related capabilities are applicable for RedCap UE except those 
affected by CA/DC;

5.
From RAN2 perspective, IAB related capabilities are not applicable for RedCap UE, i.e. the RedCap 
UE is not expected to act as IAB node;

6.
Do not introduce capability signalling on the supported Rx number for RedCap UE since the number 
of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter 
maxNumberMIMO-LayersPDSCH in the existing UE capability framework;


In 106bis e-meeting [4], the following agreements are achieved.
	Agreement

FG 28-1 is kept as “RedCap UE” as follows.
28. NR_redcap

28-1

RedCap UE

1. Maximum FR1 RedCap UE bandwidth is 20 MHz.

2. Maximum FR2 RedCap UE bandwidth is 100 MHz.

FFS whether to add any other basic features for RedCap UE
Yes

Impact on UE complexity
Per UE
No
[No]
RedCap UEs do not support carrier aggregation or dual connectivity.
Optional with capability signaling
Note that yellow highlight means FFS and to be discussed further. These parts are provides as placeholders.

Agreement

FG 28-3 is kept as “Half-duplex FDD operation type A for RedCap UE” as follows.

28. NR_redcap

28-3

Half-duplex FDD operation type A for RedCap UE

1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE

28-1

Yes

Impact on UE complexity
[Per band]
FDD only
FR1 only
Optional with capability signaling

Note that yellow highlight means FFS and to be discussed further. These parts are provides as placeholders.

Agreement

FG 28-1 is supported as a basic FG for RedCap UE

· It is clarified in the column of “Mandatory/Optional”

Agreement

The sentence in “Consequence if the feature is not supported by the UE” in FG28-1 is revised as “Network assumes the UE is not a RedCap UE”

Agreement

The sentence in “Consequence if the feature is not supported by the UE” in FG28-3 is revised as “UE is assumed to support FD-FDD in FDD bands”

Agreement

· FG 28-4 is removed

· RedCap UE supports FG1-4 (256QAM for PDSCH) as optional with capability signalling both for FR1 and FR2

· Add a note in FG 1-4 (256QAM for PDSCH) that “For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH”



In this contribution, we will further discuss whether/how legacy UE features are reused for RedCap UE and the Rel-17 new UE features for RedCap.
2 Discussions

According to the WID [5] and agreement description, UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs. However, seems that whether support the UE capabilities exceeding 1Tx/2Rx capability, are controversial in the discussion of UE feature. 

Given the Rel-17 RedCap WID description, the maximum UL peak data rate for werables is 50Mbps. Obviously, support of more than 1Tx is not necessary, since the peak data rate can be up to 90Mbps for 64QAM and 1 layer with SCS=15Khz according to the calculation. More Tx antennas brings more complexity and cost, which is out of the WID scope.  Moreover, for 1Rx RedCap UE, supporting more than 1 UL ports seems to be impossible due to the physical circuit. Therefore, we have the following proposal:
Proposal 1: From RAN1 perspective, whether to support UE capabilities exceeding 1Tx capability should be decided with high priority.
2.1 Rel-15 features

All the Rel-15 UE features are listed in the Annex A table. For each UE feature, we show our preference in the last column. If a feature is tagged as ‘N’, it means it is not supported. If a feature is tagged as ‘FFS’ or ‘require modification’, then it means a modification or a confirmation is needed.

In conclusion, in Rel-15, the following FGs related to CA/DC are not supported at least including 1-10, 1-11, 4-25, 4-26, 6-5a to 6-13, 6-21 to 6-25a, 8-1, 8-2.

The FGs exceeding 1 Rx UE capability are not supported, including 2-3. 
The FGs exceeding 1 Tx number are also not supported, including 2-13, 2-14, 2-16b, 4-12. More specifically, even though support 2UL port is controversial due to 2Rx support in last meeting, it is not impossible for the UE supporting more than 4 layers. Therefore, at least, FG 4-12 should be precluded firstly. As for 2-13, 2-14 and 2-16b, from our understanding, they are not needed since 1Tx is enough. Moreover, for the UE only equipped with 1Rx, supporting more than 1 Tx is also impossible.
Proposal 2: For the Rel-15 features, at least
· CA/DC related are not supported for RedCap, including 1-10,1-11, 4-25, 4-26, 6-5a to 6-13, 6-21 to 6-25a, 8-1, 8-2
· For 1Rx UE, FG 2-3 is not supported.

· For 1Rx UE, FGs exceeding 1 Tx number are also not supported, including 2-13, 2-14, 2-16b, 4-12.
In Rel-15, the SUL related UE capabilities includes FG 6-16 to 6-19. In Rel-16, SUL related UE capabilities includes FG 9-4 in the 2-step RACH feature. From RAN1 perspective, the definition for RedCap initial BWP also should be applied in the SUL band. That means the UL initial BWP also would be applied in the SUL bands. Different with NR, the RedCap UE may start the RACH procedure in the UL initial BWP due to the bandwidth limitation. If the RedCap UE try to receive the RAR or paging message, then the UE need to retune to the initial DL BWP across large frequency domain bandwidth. Compared with the power consumption for UE retuning from initial UL BWP in SUL band to initial DL BWP, the power consumption for UE retuning to the legacy NR initial DL BWP for receiving SSB is marginal. And now, whether/how to introducing initial BWP and PRACH procedure is still in the discussion, we can further discuss on the SUL support according to the progress. Moreover, we need RAN4 to check whether Tx switching with 0ms is still workable for RedCap. Therefore, we have the following proposal.
Proposal 3: Further study the RAN1 impacts by introducing SUL for RedCap.

2.2 Rel-16 features

For R16 features, 2-step RACH is supported. However, FG 9-3 is not supported and 9-4 need further confirmation since it is based on SUL.

	Features
	Index
	Feature group
	Support or not

	9. NR_2step_RACH


	9-1
	Basic channel structure and procedure of 2-step RACH


	

	
	9-3
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA
	N. related to CA

	
	9-4
	MsgA operation in a band combination including SUL
	FFS. SUL related


Proposal 4: 2-step RACH is supported.

· FG 9-3 is not supported. 

· FG 9-4 need further confirmation.
For the feature NR-unlicensed, if this feature is applied for RedCap, some FGs may need the adjustment. For example, for the FG 10-9c, Joint search space group switching across multiple cells, it is based on CA and should not be supported. 

For the FG 10-20, the candidate value for RB sets would be {1, 2, 3, 4, 5} and the bandwidth of a RB set is 20MHz. for RedCap UE, obviously, supporting at least one RB set would exceed the UE maximum bandwidth capability. Therefore, this UE capability is not preferred. Similarly, for the FG 10-20a/10-29, if we do not need to introduce the RB set conception, these two FGs are also not needed.
As for the FG 10-2b and FG 10-2e, we may need to consider to put them as the basic component for NR-unlicensed from the optional UE capability, since RedCap does not support CA/DC and only standalone deployment is supported.
Proposal 5: For NR-unlicensed if supported

· FG 10-9c related to CA is not supported.
· FG 10-20, FG 10-20a, and FG 10-29 are not needed due to the RedCap UE bandwidth limitation.
· FG 10-2b and FG 10-2e can be considered as the basic component for NR-unlicensed since only standalone deployment of NR-U is supported for RedCap.
For NR_L1enh_URLLC, a conclusion is made by RAN2 that this feature can be supported. More specifically, the CA related features mainly include 11-2a to 11-2g, 11-7a, 11-7b. Additionally, component #3 of FG 11-9 is used for NR-DC, which also is not needed for RedCap.

Proposal 6: If NR_L1enh_URLLC is supported for RedCap,
· CA related FGs including 11-2a to 11-2g, 11-7a, 11-7b are not supported.
· DC related component #3 of FG 11-9 is not needed for RedCap.
For NR_IIOT, all the FGs are listed as following. For the component #3 of FG 12-2, the max number of active SPS configurations across all serving cells, and across MCG and SCG in case of NR-DC, is not appropriate to be reused for RedCap.
	Features
	Index
	Feature group
	Support or not

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	

	12. NR_IIOT
	12-1a
	UL priority indication in DCI with mixed DCI formats
	

	12. NR_IIOT
	12-2
	Multiple SPS configurations
	the component #3 of FG 12-2 is related to NR-DC

	12. NR_IIOT
	12-2a
	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
	

	12. NR_IIOT
	12-3
	SPS release by DCI format 1_1
	

	12. NR_IIOT
	12-3a
	SPS release by DCI format 1_2
	

	12. NR_IIOT
	12-5
	Configuration of aggregation factor per SPS configuration
	

	12. NR_IIOT
	12-6 
	Support of SPS periodicity shorter than 10 ms
	


Proposal 7: For NR_IIOT, all the FGs can be supported. 
· The component #3 of FG 12-2 related to NR-DC is not needed for RedCap

For NR positioning, it is helpful for the wearables. From RAN1 perspective, supporting the position for RedCap UE has the clear motivation. All the Rel-16 related FGs are listed in Annex B. 
However, the FGs 13-15a, 13-19 and 13-19a are based on CA. therefore, these FGs cannot be supported for RedCap positioning. As for the other FGs, no obvious impacts are observed from RAN1 perspective if they are supported. However, positioning support may increase the RAN4 workload and need confirmation from RAN4.
Proposal 8: If Rel-16 positioning feature is supported for RedCap UE, FGs 13-15a, 13-19 and 13-19a are not supported.
For NR TEI, the detailed capabilities are shown as following
	Index
	Feature group
	Support or not

	14-1
	Multiple LTE-CRS rate matching patterns
	

	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	

	14-2
	PDSCH Type B mapping of length 9 and 10 OFDM symbols
	

	14-3
	One slot periodic TRS configuration for FR1
	

	14-4
	SRS Tx switch with allowing downgrading configuration
	

	14-5
	Half-duplex UE behaviour in TDD CA for same SCS
	N. related to CA

	14-6
	New RACH configuration for FR1 TDD
	

	14-7
	New capability for beamSwitchTiming values of 224 and 336
	

	14-8
	CSI trigger states containing non-active BWP
	

	14-9 (RAN2)
	CSI-RS capabilities extension per codebook type 
	Component 1 of FG 14-9 is related to CA


	14-10 (RAN2)
	Supported TRS bandwidths
	


Proposal 9: For NR TEI, FG 14-5 related to CA is not supported and Component 1 of FG 14-9 is also not needed for RedCap.
For 5G_V2X_NRSL, whether this feature should be supported also depends on the discussion in other WGs. From RAN1 perspective, if the same bandwidth should be kept for the non-RedCap (or RedCap UE) UE in coverage and the RedCap UE (or non-RedCap UE) out of coverage, this would be problematic since the non-RedCap UE may have the larger bandwidth than 20M. 

Additionally, for FGs 15-18 and 15-19, they do not need to be supported, since they may exceed the 1Rx UE capability and 1Tx UE capability due to Rank 2. For FGs 15-16, 15-24 and 15-25, they are used in different carrier. Therefore, they are also not supported.
Proposal 10: Further study the RAN1 impacts by introducing the feature 5G_V2X_NRSL, e.g., bandwidth limitation

· At least FGs 15-18 and 15-19 are not supported since they exceed the RedCap antenna capability.
· At least FGs 15-16, 15-24 and 15-25 are not supported since CA is not supported for RedCap.
For NR_eMIMO, all the FGs are listed in Annex C. As seen, some FGs including 16-1b-1, 16-1b-2, 16-1f, 16-x RAN2, 16-z RAN2 are related to CA/DC. They should not be supported for RedCap at least. Some other UE capabilities, including 16-2b-3a, 16-2b-3a, 16-3b-2, cannot be supported because they exceeds RedCap UE Rx/Tx capability. 
For 16-2a-9, it actually related to the UE capability FG 2- 3 PDSCH MIMO layers, and the Interpretation of maxNumberMIMO-LayersPDSCH may be modified. Therefore, this FG also need further check.
Proposal 11: For Rel-16 NR_eMIMO feature, the following FGs are not supported at least
· 16-1b-1, 16-1b-2, 16-1f, 16-x RAN2, 16-z RAN2 are CA related.
· 16-2b-3a, 16-2b-3a, 16-3b-2 exceeds the antenna capability.
For NR_CLI_RIM, for FG 17-1 CLI-RSSI measurement and 17-2 SRS-RSRP measurement, they are workable on the single CC. And FG17-3 and 17-4 are based on 17-1 and 17-2 separately. Therefore, all the FGs for the NR_CLI_RIM can be supported.
Proposal 12: For Rel-16 feature NR_CLI_RIM, all the FGs can be supported.
For UE Power Saving, all the FGs included in feature 19 for 2Rx UE can be supported from RAN1 perspective. However, if the RedCap UE is equipped with 1Rx, seem that FG 19-3 Maximum MIMO Layer Adaptation is not needed.

Proposal 13: Rel-16 MR-DC/CA enhancement is not supported for RedCap

· Rel-16 UE Power Saving is supported for RedCap.

· FFS on FG 19-3 for 1Rx UE.

For Rel-16 MR-DC/CA enhancement, it is obviously not supported.
For Rel-16 NR_IAB, it is not supported according to RAN2 discussion. Moreover, no any RAN1 impacts are observed if not support. 

As for the feature Mobility Enhancement in Rel-16, it actually has the RAN2 conclusion, which is ‘DAPS and CAPC related capabilities are not applicable for RedCap UE’. As seen, seems all the FGs in this feature are related to DAPS. Therefore, they also should not be supported.
Proposal 14: For RedCap UE,

· Rel-16 MR-DC/CA enhancement is not supported.

· Rel-16 NR_IAB is not supported. 

· Rel-16 Mobility Enhancement is not supported.
For the New FGs that are not dedicated to a specific Rel-16 work item/TEI, we have the Annex D table to show our preference to support the features for RedCap. The CA/DC related FGs include 22-1, 22-2 and 22-5a to 22-7c, at least they should not be supported. Therefore, we have the following proposal.
Proposal 15: For the New FGs that are not dedicated to a specific Rel-16 work item/TEI

· FGs 22-5a~22-7c related to CA/DC are not supported for RedCap. 
2.3 Rel-17 features

According to the current discussion, the separate initial UL BWP in TDD and FDD is supported. And the separate initial DL BWP in TDD is also supported [4].

	Agreement in RAN1 #106e-bis
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB

· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases


	Working Assumption in RAN1 #106e-bis
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.

· Working assumption: It can be used during initial access

· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.

· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included


For RedCap UE, if the separate initial UL BWP is used during initial access in TDD, for the center frequency alignment, the separate initial DL BWP is also needed. If the separate initial DL BWP can be used during initial access, compared with non-RedCap UE, it can be viewed as a new UE capability.  For example, if the SSB is not expected during the RA procedure, the UE may need to retune to the non-RedCap CORESET0 to receive the SSB for SIB update during initial access. Moreover, it should be mandatory since it is used before UE capability report.  

Proposal 16: For RedCap UE, separate DL initial BWP used in initial access for paging or RAR is a basic feature group or a basic component in FG28-1.
Also for RedCap UE, the early identification is kind of mandatory feature since it can be configured by the gNB via SIB. However, for the optional 2-step RACH, msgA identification is also an optional feature. Therefore, we have the following proposal:
Proposal 17: For RedCap UE, 

· msg1 identification is mandatory feature for RedCap UE
· msgA identification is optional feature
For the Rx number, obviously, it is main character of RedCap UE. According to the RAN2 agreement, we do not need to add a new UE capability to indicate the Rx info and MIMO layer. If the legacy FG2-3 PDSCH MIMO layers is reused, it is not appropriate to set it as the mandatory since FG 28-1 RedCap UE is only an optional feature. Therefore, a modification for reusing FG2-3 PDSCH MIMO layers is expected.
Moreover, similar as bandwidth, Rx information should be a basic component for RedCap UE since we cannot assume the RedCap UE is equipped with more than 2 Rx. Alternatively, setting the Rx number as the basic feature group for RedCap is also appropriate.

Proposal 18: Rx number should be a basic component or a basic feature group for RedCap UE.
Additionally, for the RedCap UE support, ‘Per UE’ or ‘Per band’ need further decision.  If a RedCap UE is defined based on ‘Per band’, it means a UE equipped with 20MHz bandwidth and 1Rx would be a RedCap UE in a band and be a non-RedCap UE in another band. Obviously, it is impossible that a UE equipped with 20MHz bandwidth and 1Rx would be a non-RedCap UE.  Moreover, if a RedCap UE is viewed as ‘non-RedCap UE’ in a band, how this UE can support the non-RedCap UE capabilities. In another word, if a UE is equipped with all the non-RedCap UE capabilities and this UE is viewed as the RedCap UE in a band, this UE is totally exceed the capabilities defined in the RedCap WID scope for complexity/cost reduction. So, the FG28-1  RedCap UE should be ‘Per UE’. 
Proposal 19: FG 28-1 RedCap UE should be ‘Per UE’ configured.
3 Conclusion

In this contribution, we have discussed the RedCap UE features. We have the following proposals:

Proposal 1: From RAN1 perspective, whether to support UE capabilities exceeding 1Tx capability should be decided with high priority.

Proposal 2: For the Rel-15 features, at least

· CA/DC related are not supported for RedCap, including 1-10,1-11, 4-25, 4-26, 6-5a to 6-13, 6-21 to 6-25a, 8-1, 8-2
· For 1Rx UE, FG 2-3 is not supported.

· For 1Rx UE, FGs exceeding 1 Tx number are also not supported, including 2-13, 2-14, 2-16b, 4-12.
Proposal 3: Further study the RAN1 impacts by introducing SUL for RedCap.

Proposal 4: 2-step RACH is supported.

· FG 9-3 is not supported. 

· FG 9-4 need further confirmation.
Proposal 5: For NR-unlicensed if supported

· FG 10-9c related to CA is not supported.

· FG 10-20, FG 10-20a, and FG 10-29 are not needed due to the RedCap UE bandwidth limitation.

· FG 10-2b and FG 10-2e can be considered as the basic component for NR-unlicensed since only standalone deployment of NR-U is supported for RedCap.
Proposal 6: If NR_L1enh_URLLC is supported for RedCap,
· CA related FGs including 11-2a to 11-2g, 11-7a, 11-7b are not supported.
· DC related component #3 of FG 11-9 is not needed for RedCap.

Proposal 7: For NR_IIOT, all the FGs can be supported. 

· The component #3 of FG 12-2 related to NR-DC is not needed for RedCap

Proposal 8: If Rel-16 positioning feature is supported for RedCap UE, FGs 13-15a, 13-19 and 13-19a are not supported.
Proposal 9: For NR TEI, FG 14-5 related to CA is not supported and Component 1 of FG 14-9 is also not needed for RedCap.
Proposal 10: Further study the RAN1 impacts by introducing the feature 5G_V2X_NRSL, e.g., bandwidth limitation

· At least FGs 15-18 and 15-19 are not supported since they exceed the RedCap antenna capability.
· At least FGs 15-16, 15-24 and 15-25 are not supported since CA is not supported for RedCap.
Proposal 11: For Rel-16 NR_eMIMO feature, the following FGs are not supported at least

· 16-1b-1, 16-1b-2, 16-1f, 16-x RAN2, 16-z RAN2 are CA related.

· 16-2b-3a, 16-2b-3a, 16-3b-2 exceeds the antenna capability.

Proposal 12: For Rel-16 feature NR_CLI_RIM, all the FGs can be supported.

Proposal 13: Rel-16 MR-DC/CA enhancement is not supported for RedCap

· Rel-16 UE Power Saving is supported for RedCap.

· FFS on FG 19-3 for 1Rx UE.

Proposal 14: For RedCap UE,

· Rel-16 MR-DC/CA enhancement is not supported.

· Rel-16 NR_IAB is not supported. 

· Rel-16 Mobility Enhancement is not supported.
Proposal 15: For the New FGs that are not dedicated to a specific Rel-16 work item/TEI

· FGs 22-5a~22-7c related to CA/DC are not supported for RedCap. 
Proposal 16: For RedCap UE, separate DL initial BWP used in initial access for paging or RAR is a basic feature group or a basic component in FG28-1.
Proposal 17: For RedCap UE, 

· msg1 identification is mandatory feature for RedCap UE

· msgA identification is optional feature
Proposal 18: Rx number should be a basic component or a basic feature group for RedCap UE.
Proposal 19: FG 28-1 RedCap UE should be ‘Per UE’ configured.
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Annex A

	Features
	Index
	Feature group
	Mandatory/Optional
	Support or not

	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
	N. CA related

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

	
	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}
	FFS. Reducing maximum value help for  complexity reduction

	
	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.
	Require modification. Maximum MIMO layers 2 correspond to 2Rx RedCap  UE, and 1 correspond to  1Rx RedCap. 

	
	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}
	N. Uplink MIMO is not supported.

	
	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}
	N. Uplink MIMO is not supported.

	
	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
	N. related to CA

	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
	N. Exceed 2 MIMO layer.

	
	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
	N.Related to CA

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

	
	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}
	Max PDSCH BW of 136 PRBs may exceed 20M for RedCap.

	
	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
	N. Related to CA

	
	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}
	N. related to CA/DC

	
	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
	FFS, SUL

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

	
	6-18
	Supplemental uplink with dynamic switch
	Optional with capability signalling
	FFS, SUL

	
	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
	FFS, SUL

	
	6-21
	DL search space sharing for CA
	Optional with capability signalling
	N. related to CA/DC

	
	6-22
	UL search space sharing for CA
	Optional with capability signalling
	N. related to CA/DC

	
	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
	N. related to CA/DC

	
	6-24
	Applying the same UL timing between NR and LTE
	Optional with capability signalling
	N. related to CA/DC

	
	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
	N. related to DC

	
	6-25a
	PDCCH blind detection capability for MCG and for SCG in synchronous NR-NR DC
	Optional with capability signalling
	N. related to CA/DC

	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
	N. related to DC

	
	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
	N. related to DC

	
	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
	


Annex B

	Index
	Feature group
	Support or not

	13-1
	Common DL PRS Processing Capability
	

	13-1a
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
	

	13-2
	DL PRS Resources for DL AoD
	

	13-2a
	DL PRS Resources for DL AoD on a band
	

	13-2b
	DL PRS Resources for DL AoD on a band combination
	

	13-3
	DL PRS Resources for DL-TDOA
	

	13-3a
	DL PRS Resources for DL-TDOA on a band
	

	13-3b
	DL PRS Resources for DL-TDOA on a band combination
	

	13-4
	DL PRS Resources for Multi-RTT
	

	13-4a
	DL PRS Resources for Multi-RTT on a band
	

	13-4b
	DL PRS Resources for Multi-RTT on a band combination
	

	13-5
	DL PRS Measurement Report for DL-AoD
	

	13-6
	DL PRS Measurement Report for DL-TDOA
	

	13-7
	Support of SSB from neighbor cell as QCL source of a DL PRS
	

	13-7a
	Support of DL PRS from serving/neighbor cell as QCL source of a DL PRS
	

	13-8
	SRS Resources for Positioning
	

	13-8a
	Support of Aperiodic SRS Resources for positioning
	

	13-8b
	Support of Semi-persistent SRS Resources for positioning
	

	13-8c
	SRS Resources for Positioning
	

	13-8d
	Support of Aperiodic SRS Resources for positioning
	

	13-8e
	Support of Semi-persistent SRS Resources for positioning
	

	13-9
	OLPC for SRS for positioning based on PRS from the serving cell
	

	13-9a
	OLPC for SRS for positioning based on SSB from neighbouring cells
	

	13-9b
	OLPC for SRS for positioning based on PRS from the neighbouring cells
	

	13-9e
	PathLoss estimate maintenance per serving cell
	

	13-9f
	PathLoss estimate maintenance across all cells
	

	13-10
	Spatial relation for SRS for positioning based on SSB from the serving cell
	

	13-10a
	Spatial relation for SRS for positioning based on CSI-RS from the serving cell
	

	13-10b
	Spatial relation for SRS for positioning based on PRS from the serving cell
	

	13-10c
	Spatial relation for SRS for positioning based on SRS
	

	13-10d
	Spatial relation for SRS for positioning based on SSB from the neighbouring cell
	

	13-10e
	Spatial relation for SRS for positioning based on PRS from the neighbouring cell
	

	13-10f
	Spatial relation maintenance
	

	13-11a
	Association between SRS for positioning and DL PRS for Multi-RTT
	

	13-11
	UE Rx-Tx Measurement Report for Multi-RTT
	

	13-12
	SS-RSRP RRM measurements for NR E-CID Positioning
	

	13-12a
	SS-RSRQ RRM measurements for NR E-CID Positioning
	

	13-12b
	CSI-RSRP RRM measurements for NR E-CID Positioning
	

	13-12c
	CSI-RSRQ RRM measurements for NR E-CID Positioning
	

	13-13
	Simultaneous DL-AoD and DL-TDoA processing
	

	13-14
	Simultaneous DL-AoD and Multi-RTT processing
	

	13-15
	Simultaneous SRS transmission within a band across multiple CCs
	

	13-15a
	Simultaneous SRS transmission for a given BC
	N. CA related

	13-18
	Support of parallel processing of LTE PRS and NR PRS
	

	13-19
	Simultaneous positioning SRS and MIMO SRS transmission within a band across multiple CCs
	N. CA related

	13-19a
	Simultaneous positioning SRS and MIMO SRS transmission for a given BC
	N. CA related


Annex C
	Index
	Feature group
	Support or not

	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	

	16-1a-2
	Non-group based L1-SINR reporting
	

	16-1a-3
	Group based L1-SINR reporting
	

	16-1a-4
	Semi-persistent L1-SINR report on PUCCH
	

	16-1a-5
	Semi-persistent L1-SINR report on PUSCH
	

	16-1b-1
	TCI state activation across multiple CCs
	N. related to CA

	16-1b-2
	Spatial relation update across multiple CCs
	N. related to CA

	16-1b-3
	Spatial relation update for PUCCH group
	

	16-1c
	Default spatial relation
	

	16-1d
	MAC CE spatial relation update for AP-SRS
	

	16-1e
	Pathloss reference RS activation via MAC CE
	

	16-1f
	SCell beam failure recovery
	N. related to CA

	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	

	16-1g-1
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification across frequency ranges
	

	16-1h
	Support of 64 configured PUCCH spatial relations
	

	16-1j-1
	2 port CSI -RS for new beam identifications
	

	16-1j-2
	2 port CSI -RS for pathloss estimation
	

	16-1l
	Support of 64 configured candidate beam RSs for PCell/PSCell BFR
	

	16-2a
	Multi-DCI based multi-TRP
	

	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	

	16-2a-2
	Out-of-order operation for DL
	

	16-2a-3
	Out-of-order operation for UL
	

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	

	16-2a-5
	Separate CRS rate matching
	

	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	

	16-2a-7
	Maximum number of activated TCI states
	

	16-2a-8
	Indicates that retransmission scheduled by a different CORESETPoolIndex for multi-DCI multi-TRP is not supported.
	

	16-2c
	Simultaneous reception with different Type-D
	

	16-2a-9
	Interpretation of maxNumberMIMO-LayersPDSCH for multi-DCI based mTRP
	FFS. Related to the MIMO layer parameter.

	16-2a-10
	Value of BD factor
	

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	

	16-2b-1
	Single-DCI based SDM scheme
	

	16-2b-1b
	Single-DCI based SDM scheme – Support of new DMRS port entry
	

	16-2b-1a
	Downlink PTRS
	

	16-2b-2
	Single-DCI based FDMSchemeA
	

	16-2b-3
	Single-DCI based FDMSchemeB
	

	16-2b-3a
	Single-DCI based FDMSchemeB CW soft combining
	N.Only one CW is supported

	16-2b-4
	Single-DCI based TDMSchemeA
	

	16-2b-5
	Single-DCI based inter-slot TDM
	

	16-3a
	Regular eType-II
	

	16-3a-1
	Support of PMI sub-bands with R=2
	

	16-3a-2
	Support of parameter combinations 7-8
	

	c
	Support of rank 3,4
	N. Rank value is larger than 2

	16-3a-4
	CBSR
	

	16-3b
	Port selection eType-II
	

	16-3b-1
	Support of PMI sub-bands with R=2
	

	16-3b-2
	Support of rank 3,4
	N. Rank value is larger than 2

	16-4
	Low PAPR DMRS for DL
	

	16-5a
	UL full power transmission mode of fullpower
	

	16-5b
	UL full power transmission fullpowerMode1
	

	16-5c
	UL full power transmission fullpowerMode2
	

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	

	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	

	16-6a
	Low PAPR DMRS for PUSCH without transform precoding
	

	16-6b
	Low PAPR DMRS for PUCCH
	

	16-6c
	Low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK
	

	16-7
	Extension of the maximum number of configured aperiodic CSI report settings
	

	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	

	16-x RAN2
	Mulit-CC simultaneous TCI activation with multi-TRP
	N. related to CA.

	16-y RAN2
	Slot based repetition
	

	16-z RAN2
	spCell-BFR-CBRA-r16
	N. related to CA.


Annex D

	Index
	Feature group
	Support or not

	22-1
	Indicating supported option for UL Tx switching for inter-band UL CA
	N. related to CA

	22-2
	Indicating supported option for UL Tx switching for EN-DC
	N. related to DC

	22-3a
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 2
	

	22-3b
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-3c
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-3d
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-3e
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 2
	

	22-3f
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-3g
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-3h
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 2
	

	22-4a
	CBG based transmission for UL with 1 unicast PUSCH per slot per CC with UE processing time Capability 1
	

	22-4b
	CBG based transmission for UL with up to 2 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-4c
	CBG based transmission for UL with up to 7 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-4d
	CBG based transmission for UL with up to 4 unicast PUSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-4e
	CBG based transmission for DL with 1 unicast PDSCH per slot per CC with UE processing time Capability 1
	

	22-4f
	CBG based transmission for DL with up to 2 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-4g
	CBG based transmission for DL with up to 7 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-4h
	CBG based transmission for DL with up to 4 unicast PDSCHs per slot per CC for different TBs with UE processing time Capability 1
	

	22-5a
	Simultaneous transmission of SRS for antenna switching and SRS for CB/NCB /BM for intra-band UL CA
	N. related to CA

	22-5b
	Simultaneous transmission of SRS for antenna switching and SRS for CB/NCB /BM for inter-band UL CA
	N. related to CA

	22-5c
	Simultaneous transmission of SRS for antenna switching and SRS for antenna switching for intra-band UL CA
	N. related to CA

	22-5d
	Simultaneous transmission of SRS for antenna switching and SRS for antenna switching for inter-band UL CA
	N. related to CA

	22-6
	Support of up to three different numerologies in the same NR PUCCH group for NR part of EN-DC, NGEN-DC, NE-DC and NR-CA where UE is not configured with two NR PUCCH groups
	N. related to CA/DC

	22-6a
	Support of up to four different numerologies in the same NR PUCCH group for NR part of EN-DC, NGEN-DC, NE-DC and NR-CA where UE is not configured with two NR PUCCH groups
	N. related to CA/DC

	22-7
	Support two PUCCH groups for NR-CA with 3 or more bands with at least two carrier types from carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}
	N. related to CA/DC

	22-7a
	Different numerology across NR PUCCH groups
	N. related to CA/DC

	22-7b
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
	N. related to CA/DC

	22-7c
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
	N. related to CA/DC

	22-8
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	

	22-8a
	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot and constrained timeline for SRS for CB PUSCH and antenna switching on FR1
	

	22-8b
	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 and constrained timeline for SRS for CB PUSCH and antenna switching on FR1
	

	22-8c
	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 and constrained timeline for SRS for CB PUSCH and antenna switching on FR1
	

	22-8d
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap and constrained timeline for SRS for CB PUSCH and antenna switching on FR1
	

	22-9
	Cancellation of PUCCH, PUSCH or PRACH with a DCI scheduling a PDSCH or CSI-RS or a DCI format 2_0 for SFI
	

	22-10
	Support of pdcch-MonitoringAnyOccasionsWithSpanGap in case of cross-carrier scheduling with different SCSs in the scheduling cell and the scheduled cell
	

	22-11
	Support of 'cri-RI-CQI' report without non-PMI-PortIndication
	


