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1 Introduction
This contribution discusses NR UE features based on [1] to address the remaining issues where RAN1 is responsible.
2 MIMO
	2-2
	PDSCH beam switching
	1. Time duration (definition follows section 5.1.5 in TS 38.214), Xi, to determine and apply spatial QCL information for corresponding PDSCH reception
Note: candidate value will be decided after feature is completed. (note: this may not needed)
Time duration is defined counting from end of last symbol of PDCCH to beginning of the first symbol of PDSCH
Xi is the number of OFDM symbols, i is the index of SCS, l=1,2, corresponding to 60,120 kHz SCS.


Proposal (feature group 2-2): 28 is mandatory for X1 and X2. Other values are optional with capability signaling
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers


Proposal (feature group 2-3): 4-layer is mandatory on the bands where 4 Rx was mandated for UE while 2-layer is mandatory for other bands.
	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per CC 
2. maximum number of configured TCI states, 


Proposal (feature group 2-4): mandatory support with one active TCI state per CC and 4 maximum number of configured TCI states
	2-7
	Supported 2 symbols front-loaded DMRS(downlink)
	1. Support 2 symbols FL-DMRS

	2-8
	Supported 2 symbols front-loaded +2 symbols additional DMRS(downlink)
	1. Support 2-symbol FL DMRS + one additional 2-symbols DMRS 


Proposal (feature groups 2-7, 2-8): feature group 2-7 and 2-8 is supported as optional with capability signaling
	 2-10
	 Support DMRS type (downlink)
	Support DMRS {type 1, type 2} 


Proposal (feature group 2-10): Type 1 is mandatory and Type 2 is optional with capability signaling.
	2-14
	Codebook based PUSCH MIMO transmission
	1. Supported codebook based PUSCH MIMO with maximal number of supported layers


Proposal (feature group 2-14): feature group 2-14 is supported as optional with capability signaling.
	2-17
	 Support DMRS type (uplink)
	Support DMRS {type 1, type 2 }


Proposal (feature group 2-17): Type-2 is optional with capability signaling
	2-18
	Supported 2 symbols front-loaded DMRS (uplink)
	1. Support 2 symbols FL-DMRS

	2-18a
	Supported 2 symbols front-loaded +2 symbols additional DMRS (uplink)
	1. Support 2-symbol FL DMRS + one additional 2-symbols DMRS 


Proposal (feature groups 2-18, 2-18a): feature group 2-18 and 2-18a are supported as optional with capability signaling.
	2-20
	Beam correspondence
	1. Support Beam correspondence


Proposal (feature group 2-20): feature group 2-20 is mandatory at least for FR2
	2-21
	Periodic beam report
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot


Proposal (feature group 2-21): feature group 2-21 is optional with capability signaling for FR1.

	2-25
	Beam reporting timing
	1. The number of symbols, Xi, between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report is at least RBi, where
i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.


Proposal (feature group 2-25): For X3, support {7, 14, 28}
	2-27
	Beam switching
	1. Maximum number of Tx + Rx  beam changes a UE can conduct during a slot across the whole band CC . 
This number is defined as per SCS
Note: it is assumed that spec enable the possibility to restrict the same beam across intra-band CCs


Proposal (feature group 2-27): 4 is mandatory for FR2, other values are optional.
	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where
i is the index of SCS, l=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.


Proposal (feature group 2-28): support Alt.2 for candidate values
	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).


Proposal (feature group 2-30):
· Component 1: Mandatory for FR2
· Component 2: 8 is mandatory
· Component 3: 1 is mandatory
	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality 
2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality 
3. Maximal number of different CSI-RS [and/or SSB] resources across all CCs for new beam identifications. 
4. CORSET recoveryControlResourceSetId if configured


Proposal (feature group 2-31):
· UE is mandated to support at least 64
	2-35
	CSI report framework 

	1. Maximum number of periodic CSI report setting per BWP
2. Maximum number of aperiodic CSI report setting per BWP 
3. Maximum number of semi-persistent CSI report setting per BWP
4. Support of advanced CSI process table (the Minimum duration Zk,i, Z’ (in symbols) for processing a CSI, k is level of CSI latency class, i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SC) [Conditioned to the completion of advanced CSI process]
5. UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type. 
6. Supported CSI computation type 

FFS: whether X should also count the SRS precoder derivation in case of reciprocity based SRS Tx


Proposal (feature group 2-35):
· Component 1: 1 is mandatory 
· Component 2: 1 is mandatory 
· Component 3: optional
· Component 4: optional
· Component 5: 5 is mandatory
· Component 6: Type-A is mandatory
	2-38
	CSI report without PMI
	Support CSI report without PMI


Proposal (feature group 2-38): Optional with capability signaling
	2-39
	CSI report with CRI
	Support CSI report with CRI


Proposal (feature group 2-39): Optional for FR1 and mandatory for FR2.
	2-41
	Type II codebook 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level

	2-42
	Support Type II SP-CSI feedback on long PUCCH
	1.Support type II SP-CSI feedback part-1 on PUCCH formats over 4 – 14 OFDM symbols once per slot

	2-43
	Type II codebook with port selection

	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of selected ports) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 


Proposal (feature groups 2-41, 2-42, 2-43): Optional with capability signaling
	2-47
	Basic UL PTRS
	Support 1 port of PTRS 


Proposal (feature group 2-47): Mandatory for FR2 and optional for FR1
	2-53
	SRS resources
	1. Maximum number of aperiodic SRS resources (configured to UE) per BWP 
2. Maximum number of aperiodic SRS resources (configured to UE) per BWP per slot
3. Maximum number of periodic SRS resources (configured to UE) per BWP
4. Maximum number of periodic SRS resources (configured to UE) per BWP per slot
5. Maximum number of semi-persistent SRS resources (configured to UE) per BWP
6. Maximum number of semi-persistent SRS resources (configured to UE) per BWP per slot
7. Maximum number of SRS port per resource 


Proposal (feature group 2-53):
· Component 1, 2, 3, 4, 7: 1 is mandatory
· Component 5, 6: mandatory with at least 1 resource (0 is not expected to be signaled by UE)
	2-54a
	Simultaneous SRS Tx
	1. Maximum number of simultaneous transmitted SRS resources per CC at one symbol, FFS whether to break this FG into different SRS purposes and potentially adding total number of Tx ports


Proposal (feature group 2-54a):
· Add total number of Tx port for simultaneous SRS transmission.
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band, 

	2-56
	SRS carrier switch
	1. Report inter-cell switching time capability


Proposal (feature group 2-55, 2-56): Optional with capability signaling
3 DL control channel and procedure

	3-2
	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	- Number of PDCCH blind decodes per slot with a given SCS follows Case 1-2 table for 15kHz SCS
- For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot


Proposal (feature group 3-2): De-highlight the yellow for component 1)
4 UL control channel and procedure
	4-2
	2 PUCCH of format 0 or 2 in consecutive symbols
	1) 2 PUCCH format 0/2 in different symbols and once per slot for HARQ-ACK, 
2) 2 PUCCH format 0 in different symbols and once per slot for SR 
3) 2 PUCCH format 2 in different symbols and once per slot for CSI over two consecutive OFDM symbols

	4-22
	1 long PUCCH format and 1 short PUCCH format in the same slot
	1) 1 long PUCCH format and 1 short PUCCH format in the same slot

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


According to following RAN1#92bis agreements, a UE transmits one or two PUCCHs within a slot and at least one of them is based on PUCCH format 0 or 2 (i.e. short PUCCH format). It is understood that feature groups 4-2 and 4-22 cover the all cases of 2 PUCCH transmissions. Therefore, feature group 4-22a is obsolete.
	Agreements:
· To adopt the following TP for 38.213, Section 9.2.3:

A UE may transmit one or more two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. In case of two PUCCHs in the slot, at least one of them is based on PUCCH format 0 or 2.


Proposal (feature group 4-22a): Remove feature group 4-22a
5 Scheduling/HARQ operation
	5-13
	Type 1 configured PUSCH repetitions within a slot
	1) K = 2, 4, 8 times repetitions with RV sequences


Proposal (feature group 5-13): Optional with capability signaling
6 CA/DC, BWP, SUL
	6-13
	Case 1 Single Tx UL LTE-NR DC
	1) Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-Pcell
2)  HARQ subframe offset


According to following email agreements after RAN1#90bis, UE can transmit only in the subframe designated as UL in the reference TDD configuration without a UE-specific HARQ subframe offset. Therefore, components 2) (HARQ subframe offset) of feature group 6-13 needs to be separated from feature group 6-13. Further, additional feature group, e.g., 6-13a (Case 1 Single Tx UL LTE-NR DC with HARQ subframe offset) is required.
	Agreements ([90b-NR-39] UL TDM in single Tx EN-DC):
· In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured.



Proposal (feature group 6-13): 
· Remove components 2) (HARQ subframe offset) from feature group 6-13.
· Make a new feature group, e.g., 6-13a (Case 1 Single Tx UL LTE-NR DC with HARQ subframe offset), and the prerequisite feature group is 6-13. 
7 UL TPC
	8-2
	Basic power control operation
	1) Accumulated power control mode for closed loop
2) 1 TPC command loop for PUSCH, PUCCH respectively
3) One or multiple DL RS configured for pathloss estimation
4) One or multiple p0-alpha  values configured for open loop PC
5) PUSCH power control 
6) PUCCH power control 
7) PRACH power control
8) SRS power control 

10) PHR


Proposal (feature group 8-2): Mandatory without capability signaling
8 Summary
Proposal (feature group 2-2): 28 is mandatory for X1 and X2. Other values are optional with capability signaling
Proposal (feature group 2-3): 4-layer is mandatory on the bands where 4 Rx was mandated for UE while 2-layer is mandatory for other bands.
Proposal (feature group 2-4): mandatory support with one active TCI state per CC and 4 maximum number of configured TCI states
Proposal (feature groups 2-7, 2-8): feature group 2-7 and 2-8 is supported as optional with capability signaling
Proposal (feature group 2-10): Type 1 is mandatory and Type 2 is optional with capability signaling.
Proposal (feature group 2-14): feature group 2-14 is supported as optional with capability signaling.
Proposal (feature group 2-17): Type-2 is optional with capability signaling
Proposal (feature groups 2-18, 2-18a): feature group 2-18 and 2-18a are supported as optional with capability signaling.
Proposal (feature group 2-20): feature group 2-20 is mandatory at least for FR2
Proposal (feature group 2-21): feature group 2-21 is optional with capability signaling for FR1.
Proposal (feature group 2-25): For X3, support {7, 14, 28}
Proposal (feature group 2-27): 4 is mandatory for FR2, other values are optional.
Proposal (feature group 2-28): support Alt.2 for candidate values
Proposal (feature group 2-30):
· Component 1: Mandatory for FR2
· Component 2: 8 is mandatory
· Component 3: 1 is mandatory
Proposal (feature group 2-31):
· UE is mandated to support at least 64
Proposal (feature group 2-35):
· Component 1: 1 is mandatory 
· Component 2: 1 is mandatory 
· Component 3: optional
· Component 4: optional
· Component 5: 5 is mandatory
· Component 6: Type-A is mandatory
Proposal (feature group 2-38): Optional with capability signaling
Proposal (feature group 2-39): Optional for FR1 and mandatory for FR2.
Proposal (feature groups 2-41, 2-42, 2-43): Optional with capability signaling
Proposal (feature group 2-47): Mandatory for FR2 and optional for FR1
Proposal (feature group 2-53):
· Component 1, 2, 3, 4, 7: 1 is mandatory
· Component 5, 6: mandatory with at least 1 resource (0 is not expected to be signaled by UE)
Proposal (feature group 2-54a):
· Add total number of Tx port for simultaneous SRS transmission.
Proposal (feature groups 2-55, 2-56): Optional with capability signaling
Proposal (feature group 3-2): de-highlight the yellow for component 1)
Proposal (feature group 4-22a): Remove feature group 4-22a
Proposal (feature group 5-13): Optional with capability signaling
Proposal (feature group 6-13): 
· Remove components 2) (HARQ subframe offset) from feature group 6-13.
· Make a new feature group, e.g., 6-13a (Case 1 Single Tx UL LTE-NR DC with HARQ subframe offset), and the prerequisite feature group is 6-13. 
Proposal (feature group 8-2): Mandatory without capability signaling
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