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1	Introduction
After RAN1#98bis a first round of discussion on the Rel-16 NR UE features was done. In this contribution, we discuss the general principles of UE features definitions and provide comments on the feature grouping from [1].
[bookmark: _Ref178064866]2	Discussion
The RAN1 feature list was thoroughly discussed in Rel-15 and the outcome was captured in TR 38.822. For somebody not having followed the discussion, the interpretation of the feature list is challenging, mainly due to the component descriptions not being clear. For Rel-16, RAN1 should spend sufficient time on making the content of the feature groups clear.
[bookmark: _Toc24129190][bookmark: _Toc24129648]The component descriptions must be understandable also to people not having followed the discussion
[bookmark: _GoBack]It is at this point difficult to say which features and sub-features of Rel-16 that will be deployed at what time. The feature group split is crucial in allowing implemented sub-features to be tested without dependence on other sub-features being implemented at the same time. It is also important to avoid defining redundant features that can be derived from combinations of other features. Care is therefore needed when defining the feature groups where the number of feature groups is secondary to the content.
[bookmark: _Toc24129191][bookmark: _Toc24129649]Feature groups need to be defined to allow independent testing and deployment of sub-features
RAN2 led features should be primarily handled by RAN2. For example, the proposed UE power saving features in 19-4, 19-5 are purely RAN2 driven and RAN2 has the expertise to specify the corresponding feature and any sub-features thereof. Such features should not be captured in the RAN1 feature list. If there are RAN1 related/dependent aspects, these should be discussed in RAN1. 
[bookmark: _Toc24129650]RAN1 should only define RAN1 feature groups

[bookmark: _Ref189046994]3	UE feature list
Ericsson specific comments to the feature list can be found in the appendix.
3.1	eURLLC and IIoT
For eURLLC and IIoT features, changes are made in the feature table. 
· For DCI format, not only new DCI formats are introduced for eURLLC, but also existing non-fallback DCI formats have been enhanced to support new Rel-16 features, for example, Rel-16 PUSCH transmission. Thus, the UE feature listit should also included enhanced DCI format 0_1 that can schedule Rel-16 PUSCH transmission.
· For DL-SPS configuration, the description should follow the principle that DL-SPS features are fairly symmetric to those of UL configured grant, including separate RRC parameters for each configuration, separate activation for each configuration, and separate or joint release of the configuration(s). Hence the UE feature definitions should reflect this.
· It should be noted that currently no UE features are included for out-of-order HARQ-ACK and out-of-order scheduling, due to lack of RAN1 agreements. However, it is expected that UE feature groups are to be added for them.

4	Conclusion
In this contribution we discussed the Rel-16 UE feature list and make the following observations:
Observation 1	The component descriptions must be understandable also to people not having followed the discussion
Observation 2	Feature groups need to be defined to allow independent testing and deployment of sub-features
Observation 3	RAN1 should only define RAN1 feature groups
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	4/4	
Appendix	UE features list
	Features
	Index
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional
	Ericsson Comment

	9. NR_2step_RACH
	9-1
	1) RACH type selection based on RSRP threshold 
2) Fall back from 2-step RACH to 4-step RACH
3) Separate RO with 4-step RO configuration
4) Shared RO with 4-step RO configuration
5) msgA PUSCH occasions configuration
6) Intra-slot frequency hopping for msgA PUSCH
7) Up to two msgA PUSCH configurations in an UL BWP 
8) Validation of msgA PRACH and PUSCH
9) Preamble and PUSCH resource unit mapping
10) msgA PUSCH scrambling
11) Multiple DMRS sequences for msgA PUSCH
12) msgA PRACH power control
13) msgA PUSCH power control
14) DCI format with CRC scrambled by msgB-RNTI
15) Monitoring of msgB
16) HARQ-ACK feedback to a MsgB that contains successRAR 
17) For MsgA PRACH support all preamble formats
18) For MsgA PRACH, support 15 kHz and 30 kHz in FR1 and 60 and 120 kHz in FR2.
19) For MsgA PUSCH, support 15 kHz, 30 kHz and 60 kHz in FR1 (maybe 60 kHz can be optional). Support 60 kHz and 120 kHz for FR2
20) For MsgA PUSCH waveform, support both CP-OFDM and DFT-s-OFDM
21) Support DMRS ports with configuration type 1 and configuration type 2.
	
	Yes
	N/A
	UE cannot initiate a 2-step RACH process, and thus would not be expected understand the 2-tep RACH configurations
	per band
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	The list of components in 9-1 is very long. A rather more high level listing closer to the WID is better as a starting point. 
E.g. 
1.) msgA PRACH & PUSCH transmission
2.) msgB reception

	
	9-2
	1) LBT for msgA PRACH and PUSCH
2) Interlaced msgA PUSCH
	9-1
	Yes
	N/A
	UE cannot initiate a 2-step RACH process for NR-U
	per band
	
	
	support mixture of FDD/TDD and/or FR1/FR2
	
	Optional with capability signalling
	Whether we need a separate UE feature 9-2 for NR-U with 2-step is unclear. One way could be that if a UE supports 2-step RACH, 10-1 LBT and 10-3 NR-U interlaced PUCCH/PUSCH, then it supports 2-step RACH for NR-U. We don’t expect LBT behavior should be different for 2-step and 4-step.

	
	9-3
	Parallel MsgA and PRACH Msg1/SRS./PUCCH/PUSCH transmissions across CCs in inter-band CA
	9-1, 2-52, 4-1, 2-12, 6-6
	Yes
	N/A
	UE cannot transmit an MsgA and other UL transmissions in parallel across CCs in inter-band CA
	per band combination
	
	
	support mixture of FDD/TDD and/or FR1/FR2
	
	Optional with capability signalling
	

	
	9-4
	MsgA operations in a band combination including SUL
	9-1, 6-16
	Yes
	N/A
	UE does not support msgA operations in a band combination including SUL
	per band combination
	
	
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10. NR-unlicensed
	10-1
	1. Cat 1 LBT
2. Cat 2 16us LBT
3. Cat 2 25us LBT
4. Cat 4 LBT
	
	
	N/A
	
	Per band
	
	
	
	This can be a basic feature group for operating in unlicensed band.

Support of channel access mechanism for LBE operation, including Cat 4 LBT, Cat 2 LBT, Cat 1 LBT, contention window adjustment. UE supports either 16 us or 25 us or both 16 and 25 us for Cat-2 LBT.
	TBD
	

	
	10-2
	1. Cat 1 LBT
2. Cat 2 16us LBT (Do we need this for FBE?)
3. Cat 2 25us LBT

	
	
	N/A
	
	Per band
	
	
	
	This can be a basic feature group for operating in unlicensed band.

Support of channel access mechanism for FBE operation, including fixed frame period, Cat 2 LBT, Cat 1 LBT
	TBD
	

	
	10-3
	1) PRB interlace PUCCH (EPF0, EPF1, EPF2, EPF3)
2) PRB interlace PUSCH
	
	
	N/A
	
	Per band
	
	
	
	This can be a basic feature group for operating in unlicensed band.

Support of PRB interlace PUCCH and PUSCH
	TBD
	

	
	10-4
	
	FBE channel access or LBE channel access
	
	N/A
	
	Per band
	
	
	
	If 16us Cat 2 LBT is supported
	Optional with capability signalling
	

	
	10-5
	
	FBE channel access or LBE channel access
	
	N/A
	
	Per band
	
	
	
	If 25us Cat 2 LBT is supported
	Optional with capability signalling
	

	
	10-6
	
	LBE channel access
	
	N/A
	
	Per band
	
	
	
	If Cat4 LBT with contention window adjustment is supported
	Optional with capability signalling
	

	
	10-7
	1. 20MHz
2. 10MHz
	
	
	N/A
	
	
	
	
	
	
	
	

	
	10-8
	Length 3, 5, 6, 8, 9, 10, 11, 12, 13
FFS the capability are separate for each length or some groups are formed to signal the capability together
	
	
	N/A
	
	FFS: Per UE or per band
	
	
	
	Support of additional length (other than 2/4/7) for type B PDSCH
	Optional with capability signalling
	

	
	10-9
	Two groups of search space sets 
	
	
	N/A
	
	FFS: Per UE or per band
	
	
	
	Being configured with two groups of search spaces (FFS more than two), and switch between them. Some search space sets can be configured in both groups.
	Optional with capability signalling
	

	
	10-10
	RSSI measurement
	
	
	N/A
	
	per band
	
	
	
	RSSI measurement for channel occupancy.
	
	

	
	10-11
	
	
	
	N/A
	
	Per band
	
	
	
	Support transmitting SRS starting in all symbols (0,…,13) of a slot
	Optional with capability signalling
	

	
	10-12
	1. No OCC
2. OCC2
3. OCC4
	
	
	N/A
	
	Per band
	
	
	
	UE OCC capability for EPF2/EFP3
	Optional with capability signalling
	

	
	10-13
	Maximum length of CP extension a UE can generate before the first symbol
	
	
	N/A
	
	Per band
	
	
	
	How long a UE can generate the CP extension
	Optional with capability signalling
	

	
	10-14
	Non-numerical value for dl-DataToUL-ACK
	
	
	N/A
	
	Per band
	No
	No
	
	If non-numerical K1 value is supported
	Optional with capability signalling
	

	
	10-15
	Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1
	
	
	N/A
	
	Per band
	No
	No
	
	Enhanced dynamic HARQ codebook supporting grouping of HARQ ACK and triggering the retransmission of HARQ ACK in each groups
	Optional with capability signalling
	

	
	10-16
	HARQ-ACK codebook containing all configured HARQ processes for all configured CCs
	
	
	N/A
	
	Per band
	No
	No
	
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group. 
	Optional with capability signalling
	

	
	10-17
	Support of scheduling more than one PUSCH with one UL grant
	
	
	N/A
	
	Per band
	
	
	
	
	Optional with capability signalling
	

	
	10-18
	Configured grant with retransmission in CG resources
	
	
	N/A
	
	Per band
	
	
	
	Support configured grant with retransmission in configured grant resource
	Optional with capability signalling
	

	
	10-19
	
	
	
	N/A
	
	Per band
	
	
	
	This is the number of LBT bandwidth a UE can perform separate ED check on simultaneously
	Optional with capability signalling
	

	
	10-20
	
	
	
	N/A
	
	Per band
	
	
	
	
	Optional with capability signalling
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11. 
NR_L1enh_URLLC
	11-1
	1) Supports monitoring DCI format 1_2a for DL scheduling 
2) Supports monitoring DCI format 0_2b for UL scheduling 
3) Supports monitoring enhanced DCI format 0_1 for UL scheduling
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-2
	1) Supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span for combination (X, Y, )   
2) If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied
	3-5b 
	Yes
	N/A
	
	Per UE
	No
	No
	
	This capability is necessary for SCS 15kHz and 30 kHz. 
	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)}
	Remaining FFS that related to 11-2.
FFS: (3,2) (3,3) for (X,Y)
FFS: The impact from empty span(s) on the span pattern"  under 2) If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  


	
	11-3
	1) Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least supports sub-slot configurations “2-symbol*7” and “7-symbol*2”. At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-4
	1) Supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2) Supports separate PUCCH configuration for different HARQ-ACK codebooks
3) Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-5
	1) For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. 
• The number of the repetitions signalled by gNB represents the "nominal" number of repetitions. The actual number of repetitions can be larger than the nominal number.
• The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first "nominal" repetition.
• The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols
• If a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.

2) Dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH.
• Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table.
• The maximum TDRA table size is increased to 64.

3) The time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

4) Rel-16 PUSCH transmission scheme is supported for DCI format 0_1 and DCI format 0_b (for DG and type 2 CG).
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-6
	1) PUSCH transmission with Rel-15 behavior with or without slot aggregation.  
• With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).
	2-12, 2-13, 2-14, 2-15
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-7
	1) Supports group common DCI (i.e. DCI format 2_x) for cancelation indication 
2) UL cancelation for PUSCH and 
3) UL cancelation for SRS
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-8
	For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	[bookmark: OLE_LINK40]11-9
	1) Supports up to 12 configured grant configurations in a BWP of a serving cell.
• Separate RRC parameters for different configured grant configurations
• Separate activation for different configured grant Type 2 configurations
• Separate release for different configured grant Type 2 configurations
	
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	11-9a
	M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, including joint releasewhere the association between each state indicated by the indication and the CG configuration(s) is
• Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
• In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
• M is determined by the bit length for HPN field for each DCI format for activation and release of Type 2 CG
	11-9
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12. NR_IIOT
	12-1
	Support intra-UE multiplexing/prioritization of UL channels/signals with two priority levels
1) Prioritization between UL channels/signals with different priority levels
2) Multiplexing/prioritization between UL channels/signals with the same priority level
	
	Yes
	N/A
	
	Per UE
	No
	No
	Same handling as others
	
	Optional with capability signaling
	

	
	12-2
	1) Support of multiple up to 8 SPS configurations in a BWP of a serving cell., including separate activation/release and joint release
• Separate RRC parameters for different SPS configurations
• Separate activation for different SPS configurations
• Separate release for different SPS configurations
2) 
3) The related HARQ-ACK enhancements to support multiple SPS configurations
	downlinkSPS
	Yes
	N/A
	
	Per UE
	No
	No
	Same handling as others
	
	Optional with capability signaling
	

	
	12-2a
	M<=4 bits indication in the Release DCI is used for indicating which SPS configuration(s) is/are released, including joint release
• M is determined by the bit length for HPN field for each DCI format for activation and release of SPS
	12-2
	Yes
	N/A
	
	Per UE
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	
	Optional with capability signalling
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	13. NR DL positioning
	13-1
	1. Max # of positioning frequency layers supported by UE for DL PRS RSRP measurement and report 

2. Max number of TRPs per positioning frequency layer a UE can be configured for DL PRS RSRP measurement and report

3. Max # of DL PRS resource sets per TRP supported by UE for DL PRS RSRP measurement and report 

4. Max number of DL PRS resources per TRP a UE can be configured for DL PRS RSRP measurement and report

5. Max # of DL PRS resources supported by UE for DL PRS RSRP measurement and report (A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined)

6. Total number of DL PRS Resources that UE can be configured for DL PRS-RSRP measurements across all positioning frequency layers, TRPs and resource sets

7. Support of inter-frequency DL PRS RSRP measurement and report

8. Support of DL PRS RSRP measurement quality metric
	
	
	N/A
	
	[
#1 – per UE (FFS FR1/FR2 differentiation)

#2 – per UE (FFS FR1/FR2 differentiation)

#3 – per UE (FFS FR1/FR2 differentiation)

#4 – per UE (FFS FR1/FR2 differentiation)

#5 – per UE (FFS FR1/FR2 differentiation)

#6 – per UE (FFS FR1/FR2 differentiation)

#7 – per UE

#8 – per UE
]

	No
	TBD
	
	
	Optional with capability signaling
	

	
	13-2
	1. Max # of positioning frequency layers supported by UE for DL PRS RSTD measurement and report 

2. Max number of TRPs per positioning frequency layer a UE can be configured for DL PRS RSTD measurement and report

3. Max # of DL PRS resource sets per TRP supported by UE for DL PRS RSTD measurement and report 

4. Max number of DL PRS resources per TRP a UE can be configured for DL PRS RSTD measurement and report

5. Max # of DL PRS resources supported by UE for DL PRS RSTD measurement and report (A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined)

6. Total number of DL PRS Resources that UE can be configured for DL PRS- RSTD measurements across all positioning frequency layers, TRPs and resource sets

7. Support of inter-frequency DL PRS RSTD measurement and report

8. Support of DL PRS RSTD measurement quality metric
	13-1
	
	N/A
	
	[
#1 – per UE (FFS FR1/FR2 differentiation)

#2 – per UE (FFS FR1/FR2 differentiation)

#3 – per UE (FFS FR1/FR2 differentiation)

#4 – per UE (FFS FR1/FR2 differentiation)

#5 – per UE (FFS FR1/FR2 differentiation)

#6 – per UE (FFS FR1/FR2 differentiation)

#7 – per UE

#8 – per UE
]
	No
	NA
	
	
	Optional with capability signaling
	

	
	13-3
	Prerequisite – support of SSB measurements for RRM (SS-RSRP, SS-RSRQ, SS-RSRPB) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of SSB RRM measurements (SS-RSRP, SS-RSRQ, SS-RSRPB) based on Rel.15 for NR Positioning in Rel.16
	
	
	N/A
	
	
	No
	NA
	
	
	Optional with capability signaling
	

	
	13-4
	Prerequisite – support CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) for NR Positioning in Rel.16
	
	
	N/A
	
	
	No
	NA
	
	
	
	

	
	13-5
	TBD specific content in RAN2 WG

Estimation of location coordinate at UE side and support of corresponding signaling for DL PRS configuration / measurements
	13-2
	
	N/A
	
	[per UE]
	No
	NA
	
	
	Optional with capability signaling
	

	13a. NR UL positioning
	13a-1
	1. Max # of SRS Resource Sets for positioning supported by UE

2. Max # of SRS Resources for positioning supported by UE across all SRS Resource Sets

3. Support of SSB for neighbor cell DL pathloss estimation and SRS for positioning OLPC

4. Support of DL PRS for neighbor cell DL pathloss estimation and SRS for positioning OLPC

5. Spatial Relation of SRS Resources for positioning with DL PRS / SSB

6. Spatial Relation of SRS Resources for positioning with other SRS resources for positioning

7. Support of different SRS resource types for positioning (periodic, semi-persistent, aperiodic)

	
	
	N/A
	
	[
#1 – per UE
#2 – per UE
#3 – per UE
#4 – per UE
#5 – per UE
#6 – per UE
#7 – per UE
]
	No
	NA
	
	
	Optional with capability signaling
	

	13b. NR DL and UL positioning
	13b-1
	1. Support of UE Rx-Tx time difference measurement with serving cell

2. [Support of UE Rx-Tx time difference measurement with serving cell and neighbor cells]

3. Support of inter-frequency UE Rx-Tx time difference measurements 
	13-2
13a-1
	
	N/A
	
	[
#1 - per UE
#2 - FFS 
#3 - per UE
]
	No
	NA
	
	
	Optional with capability signaling
	

	13c. NR RAT Independent Positioning
	13c-1
	[TBD in RAN2 WG]
	
	
	N/A
	
	
	No
	NA
	
	
	Optional with capability signaling
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14. NR TEI
	14-1
	1) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier
	5-28 (Rate-matching around LTE CRS)
	
	N/A
	
	Per UE
	No
	No
	
	For DSS
	Optional with capability signaling
{2, 3, 4, 5, 6}
	

	
	14-2
	1) Up to two LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier
	14-1 (Multiple LTE-CRS rate matching patterns),
x-x (mTRP support)
	
	N/A
	
	[Per band]
	No
	No
	
	For DSS
	Optional with capability signaling
{supported}
	

	
	14-3
	2) PDSCH Type B mapping of length 9 OFDM symbols
PDSCH Type B mapping of length 10 OFDM symbols
	5-6a (PDSCH mapping type B)
	
	N/A
	
	Per UE
	No
	No
	
	For DSS
	Optional with capability signaling
{supported}
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk23415072]15. 5G_V2X_NRSL



	15-1
	1) UE can receive PSCCH/PSSCH transmitted using NR sidelink mode 1 and 2.
2) UE can receive [X] PSCCH in a slot.
3) UE can decode [Y] RBs per slot counting both PSCCH and PSSCH.
4) UE supports normal 64QAM MCS table and 256QAM MCS table.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	[bookmark: _Hlk23415438]This is the basic FG for sidelink
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported
	

	
	15-2
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling and configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	
	
	[No]
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	

	
	15-3
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu and preconfiguration.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	15-1
	
	[No]
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	

	
	15-4
	1) UE can transmit and receive S-SSB in NR sidelink mode 1 and 2
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	Synchronization is mandatory for the V2X feature.

	
	15-5
	1) UE can report CBR measurement to gNB.
2) UE can adjust its radio parameters based on CBR measurement.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	Adaptation of number of retransmissions per CBR range is mandatory for Mode 2 transmission

	
	15-6
	1) Support prioritization between LTE sidelink transmission/reception and NR sidelink transmission/reception
	At least one of 15-1, 15-2, 15-3
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	

	
	15-7
	1) UE can transmit PSCCH/PSSCH using SPS in LTE sidelink mode 3 scheduled by NR Uu.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	

	
	15-8
	1) UE reports a value ‘X’ for the minimum value it supports for the additional time indicated in the NR DCI scheduling LTE sidelink mode 3.
	15-7
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling X in {value1, value2, …}
	

	
	15-9
	1) UE can transmit PSCCH/PSSCH using LTE sidelink mode 4 configured by NR Uu and preconfiguration.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling
	

	
	15-10
	1) UE can transmit PSSCH with 256QAM in NR sidelink
	At least one of 15-2, 15-3
	
	[Yes]
	UE supports QPSK, 16QAM, and 64 QAM for transmission.
	Per band
	[No]
	[Yes]
	N.A.
	Reception of 256QAM is FFS.
	Optional with capability signalling
	Type should be per UE

	
	15-11
	[1) UE can transmit and receive PSFCH in NR sidelink mode 1 and 2.]
	
	
	[Yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	[Optional with capability signalling]
	

	
	15-12
	1) UE additionally supports low-spectral efficiency 64QAM MCS table.
	
	
	[Yes]
	UE supports normal 64QAM MCS table and 256QAM MCS table.
	Per band
	[No]
	[Yes]
	N.A.
	
	
	At least one of 15-1, 15-2, 15-3 is pre-requisite

	
	15-13
	[1) UE supports NR sidelink transmission or reception using PT-RS.]
	At least one of 15-1, 15-2, 15-3
	
	[Yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	[Optional with capability signalling.
Mandatory in FR2]
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	16. NR_eMIMO



	16-1
	1. Support of L1-SINR based beam selection
2. Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
3. Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
4. Simultaneous spatial relation update for multiple PUCCH resources
5. Default spatial relation for dedicated-PUCCH/SRS
6. Spatial relation update for AP-SRS via MAC CE
7. Pathloss reference RS update for PUSCH/SRS via MAC CE
8. SCell beam failure recovery (max # SCells configured for BFR)
	
TBD for #1
2-1, 2-4 for #2 
2-53, 2-59 for #3-#6
8-2 for #7
2-31 for #8
	
	N/A
	
	Per band for #1, #4, #5, #6
Per UE for #2, #3, #7, #8

	N
	N for #1, #2, #7, #8
Y for #3 - #6
	
	
	Optional
	16-1.1: The UE indicates how many SINR values it can report and if group-based is supported
16-1.7: UE indicates separate support for PUSCH and SRS
16-1.8: UE indicates how many cells, and how many candidate beam RSs.

	
	16-2
	Multi-DCI-based:
1. The maximum number of CORESET configured per “PDCCH-Config”
2. The maximum number of CORESET configured per TRP (i.e. same value of HigherLayerIndexPerCORESET (if configured) per “PDCCH-Config”)
3. The value of R for BD/CCE 
4. Whether the UE shall rate match around configured CRS patterns which is associated with  HigherLayerIndexPerCORESET (if configured)
Single-DCI-based:
5. Whether supporting two PTRS ports
6. For URLLC scheme 2b, whether the UE can support CW soft combining
7. For URLLC scheme 3 and 4, supported maximum TBS size
	TBD
	
	N/A
	
	Per UE
	N
	TBD
	
	
	TBD
	This feature should be split into at least two groups.  The use cases for multi-DCi and single-DCI are quite different.  Multi-DCI is mainly for eMBB as per current agreements.  Single-DCI can apply to both eMBB and URLLC.

In addition, the following agreement is missed.  We should introduce separate capabilities for schemes 2a and 2b for single-DCI:

“Scheme 2a and 2b have separate UE capabilities.”


	
	16-3
	Regular eType-II 
1. 8 parameter combinations
2. 2 PMI FD resolutions (R=1 and 2)
3. Rank 1 to 4
4. CBSR and rank restriction
5. UCI omission
Port selection eType-II 
1. 6 parameter combinations (combos with L=6 don’t apply)
2. 2 PMI FD resolutions (R=1 and 2)
3. Rank 1 to 4
4. CBSR and rank restriction
5. UCI omission
	TBD
	
	N/A
	
	Per UE
	N
	N
	
	
	Optional
	

	
	16-4
	Low PAPR DMRS for PDSCH
	TBD 
	
	N/A
	
	Per UE
	N
	N
	
	
	Mandatory
	

	
	16-5
	UL full power transmission (mode [0], 1, 2)
1. New UL codebook set(s) 
2. Multiple SRS resources in set with different number of ports
3. UE indication of TPMI(s) which delivers full power
	 [2-13, 2-14] for #1-#3
	
	N/A
	
	Per UE
	N
	N
	
	
	TBD 
	Subfeature 0. is needed so UE can indicate support for mode 0 (full power without mode 1 or mode 2), or mode 1, or mode 2.
New UL codebook sets only applies to mode 1.

	
	16-6
	1. PUSCH without transform precoding
2. PUSCH with transform precoding and with pi/2 BPSK modulation
3. PUCCH with transform precoding and with pi/2 BPSK modulation
	TBD for #1-#3

	
	N/A
	
	Per UE
	N
	N
	
	
	TBD
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17. NR_CLI_RIM
	17-1
	CLI measurement (both CLI-RSSI and SRS-RSRP)
	
	
	N/A
	
	Per UE
	
	No
	
	UE operates CLI-RSSI measurement and SRS-RSRP measurement.
	Optional with capability signalling
	

	
	17-2
	[simultaneousRxPDSCHCLIRSSIMeasResource]
	17-1
	
	N/A
	
	[Per UE]
	
	[No]
	
	[UE can assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)]
	[Optional with capability signalling]
	

	
	17-3
	[simultaneousRxPDSCHSRSRSRPMeasResource]
	17-1
	
	N/A
	
	[Per UE]
	
	[No]
	
	[UE can assume that PDSCH is FDMed with SRS RSRP  measurement resource(s).]
	[Optional with capability signalling]
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18. MR-DC/CA enhancement
	18-1
	UL power sharing modes supported by the UE
	
	
	N/A
	
	Per band combination
	
	
	
	Absence means DC not supported. UE supporting DC must indicate support for at least 1 UL power sharing scheme. Indication for support of any combination of the schemes needs to be possible.

{semi-static, dynamic without lookahead, dynamic with lookahead}. 
TBD if semi-static to be split in two modes 
	Optional with capability signalling
	

	
	18-2
	1Tx operation for TDD intra-band EN-DC
	
	
	N/A
	
	Per band combination
	Applicable to intra.band TDD-TDD EN-DC/NE-DC only
	Applicable to FR1 only
	
	Extension of the R15 capability singleUL-Transmission to intra-band TDD EN-DC
	Optional with capability signalling
	

	
	18-3
	TDM restriction to an FD-LTE cell in EN-DC
	
	
	N/A
	
	Per band combination
	Applicable in EN-DC/NE-DC with FD-LTE only
	Applicable to FR1 only
	
	Extension of the R15 capability tdm-Pattern
to a 2Tx UE: Indicates that the UE supports restricting the TD-LTE uplink transmission occasions with a TDM pattern.
	Optional with capability signalling
	

	
	18-4
	SCell dormancy with L1 indication
	
	
	N/A
	
	Per band combination
	No
	No
	
	Support L1-based mechanism to indicate dormancy/non-dormancy status for group of Scells
	Optional with capability signalling
	This feature should be split into two separate features a) “L1 based SCell dormancy indication in active time”, and b) “L1 based SCell dormancy indication in outside active time”. The outside active time feature should  have dependency on DCI format 3-0 reception (i.e., feature 19-1 in current version of the table)

	
	18-5
	Cross-carrier scheduling with different SCS
	
	
	N/A
	
	Per band combination
	TBD
	No
	
	crossCarrierScheduling-OtherSCS
Indicates whether the UE supports cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in DL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different. 
{Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both}
Note: this capability exists in Rel-15 38.306, but the functionality was not completed in Rel-15.
	Optional with capability signalling
	

	
	18-6
	Cross-carrier A-CSI RS triggering with different SCS
	
	
	N/A
	
	Per band combination
	No
	No
	
	Indicates whether the UE supports triggering of aperiodic CSI-RS where the CSI-RS is on a carrier with one sub-carrier spacing and the triggering PDCCH is on another carrier with a different sub-carrier spacing compared to the carrier with CSI-RS. 
	Optional with capability signalling
	

	
	18-7
	CA with non-aligned frame boundaries
	
	
	N/A
	
	Per band combination
	No
	No
	
	Defines whether the UE supports carrier aggregation operation where the frame boundaries of the PCell and the SCell are not aligned, while the slot boundaries are.
	Optional with capability signalling
	

	
	18-8
	HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group
	
	
	N/A
	
	
	No
	No
	
	Support HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group.
Rel-15 had this per cell group
	[Optional with capability signalling or conditioned to support for multiple PUCCH groups]
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	19.UE Power Saving
	19-1
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration
(2) DCI format 3_0
(3) Indication of UE wakeup or not
(4) Indication of UE dormancy-like behavior

	
	
	N/A
	
	[Per UE]
	No
	No
	
	PS_offset is determined based on UE capability
	[Mandatory without capability signalling]
	Text in Note column should be deleted: PS_offset is an RRC parameter. 


	
	19-2
	(1) Enhancement of DCI format 0_1 and 1_1
22) DCI Indication of minimum scheduling offset
	
	
	N/A
	
	[Per UE]
	No
	No
	
	
	Optional with capability signalling
	Component (1) should be descriptive: support of “Minimum applicable scheduling offset indicator” field in the DCI formats 0_1 and 1_1

	
	19-3
	3) Maximum MIMO layer per DL BWP
	
	
	N/A
	
	[Per UE]
	No
	No
	
	
	Optional with capability signalling
	

	
	19-4
	(1) Preferred c-DRX configuration
(2) Preferred aggregated bandwidth
(3) Preferred SCell configuration
(4) Preferred MIMO configuration
4) Release Request
	
	
	N/A
	
	[Per UE]
	No
	No
	
	
	Optional with capability signalling
	[bookmark: _Hlk23931352]Since this is RAN2 led feature, propose to delete row from RAN1 feature list.

	
	19-5
	1) Relaxation of intra and inter-frequency RRM measurements of neighboring cells in RRC_IDLE/Inactive
	
	
	N/A
	
	[Per UE]
	No
	No
	
	
	Optional with capability signalling
	Since this is RAN2 led feature, propose to delete row from RAN1 feature list.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20. NR_IAB
	20-1
	Support up to 4 STCs configured for an IAB node DU per cell per frequency location, including IAB-specific SSB transmission periodicities
	
	Yes
	N/A
	Separate configuration of SSB transmissions for access UE and IAB node measurements is not possible
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact
	Optional with capability signalling. For device supports IAB backhaul, it must report this FG is supported
	

	
	20-2
	Support up to 4 SMTCs configured for an IAB node MT per frequency location, including IAB-specific SMTC window periodicities
	
	Yes
	N/A
	Separate configuration of SMTC windows for Inter-IAB node discovery and measurement is not possible
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-MT impact
	Optional with capability signalling. For device supports IAB backhaul, it must report this FG is supported
	

	
	20-3
	Support RACH configuration separately from the RACH configuration for UE access, including new IAB-specific offset and scaling factors
	
	Yes
	N/A
	Separate configuration of RACH transmissions/receptions for access UEs and IAB nodes is not possible
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact, IAB-MT impact
	Optional with capability signalling. For device supports IAB backhaul, it must report this FG is supported
	

	
	20-4
	TDM not required between IAB-MT and IAB-DU functions 
	
	Yes
	N/A
	Only TDM-based resource configurations can be supported
	[per {MT CC, DU cell} pair]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact, IAB-MT impact
	Optional with capability signalling
	

	
	20-5
	Support semi-static and dynamic configuration/indication of UL-Flexible-DL slot formats for IAB-DU and IAB-MT resources 
	
	Yes
	N/A
	Only Rel-15 slot formats can be configured for backhaul links
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact, IAB-MT impact
	Optional with capability signalling
	

	
	20-6
	Support DCI Format [4]_0 based indication of soft resource availability to an IAB node 
	
	Yes
	N/A
	Explicit indication of soft resource availability is not supported
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact, IAB-MT impact
	Optional with capability signalling. For device supports IAB backhaul, it must report this FG is supported
	

	
	20-7
	Support IAB-DU DL timing alignment with parent node based on 
	
	Yes
	N/A
	Case-1 OTA timing alignment is not supported
	[per IAB node]
	No
	No
	support mixture of FDD/TDD and/or FR1/FR2 
	IAB-DU impact, IAB-MT impact
	Optional with capability signalling. For device supports IAB backhaul, it must report this FG is supported
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[21. Mobility Enhancement]
21. DAPS HO
	21-1
	1.Synchronous/asynchronous 

	
	
	
	
	
	
	
	
	
	
	

	
	21-2
	Simultaneous UL transmission
	
	
	
	
	
	
	
	
	
	
	

	
	21-3
	Handover to cells with different SCS
	
	
	
	
	
	
	
	
	
	
	

	
	21-4
	Simultaneous detection of 2 PDCCHs – similar to CA
	
	
	
	
	
	
	
	
	
	
	

	
	21-5
	Simultaneous detection of 2 PDCCHs – similar to CA
	
	
	
	
	
	
	
	
	
	
	



