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1. Introduction
In this contribution, we discuss some remaining issues on RAN4 related UE features described in RAN1 UE feature list [1]. Also, we updated the latest RAN4 UE feature list [2] based on the agreement at the last RAN4 meeting.
2. Discussion
2.1. RAN4 related UE features in RAN1 list
At the last RAN1 meeting, RAN1 updated their UE feature list [1] based on the agreed RAN4 WF [3]. In the following, we describe the list of RAN4 related UE features.

	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision
	DCM comments

	1-5
	CSI-RS based RRM measurement with associated SS-block
	1) CSI-RSRP measurement
2) CSI-RSRQ measurement
	1-1, CSI-RS 
	Yes
	Not support CSI-RSRP and CSI-RSRQ measurement
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Optional with capability signaling
Note: This does not discourage RAN4 to complete their work
Note: there is expectation that RAN4 will complete the corresponding RRM measurement 
	No further action is needed in terms of UE feature list

	1-5a
	CSI-RS based RRM measurement without associated SS-block
	1) CSI-RSRP measurement 
2) CSI-RSRQ measurement
3) There is SS-block in the target frequency on which the RRM measurement is performed
	1-1, CSI-RS
	Yes
	
	Type 4
	No need
	Yes
	
	
	RAN1
	
	Optional with capability signaling
Note: This does not discourage RAN4 to complete their work
Note: there is expectation that RAN4 will complete the corresponding RRM measurement 
	No further action is needed in terms of UE feature list

	1-11
	Support of CSI-RS RRM measurement for SCell without SS/PBCH block
	
	1-10
	Yes
	
	Type 3
	N. A.
	N.A.
	
	RAN4 to check
	
	
	Optional with capability signaling
	No further action is needed in terms of UE feature list 

	2-20
	Beam correspondence
	1. Support Beam correspondence
2. When CA is configured, whether the same beam correspondence relationship for beam management is supported across CCs. 
Note: RAN4 to check the feasibility for component-2, e.g. intra-band or inter-band
	 
	Yes
	Beam correspondence is not supported
	Type 1
	No need
	N.A.
	
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
	
[Mandatory/optional] with capability signaling

Component-2, candidate value: {Yes, No}

	[Mandatory/optional] with capability signaling
	The UE RF requirement for component 1 is under discussion in UE RF session.

The component 2 was newly added at the last meeting, so RAN4 needs to address it as indicated in [4]

	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,
3. Report whether the UL Tx is switched together with UL Tx in another band 
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.—

Component-2 is per band pair per band combination

Note that Component-3 is per band pair per band combination

Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band
	RAN1/4
	Mandatory with capability signaling

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},
Note: “R” refers to a subset/set of receive antennas for PDSCH; “T” refers to the SRS antennas used for DL CSI acquisition

Component-3: Candidate value set:, {yes, no},
	[Mandatory/Optional] with capability signaling
Component-1 is a list of TRx  pairs, candidates are {“1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “T=R”}
Component-2: Candidate value set:, {yes, no},

	No further action as agreed in [3]

	2-56
	SRS carrier switch
	1. Report inter-cell switching time capability
	2-53
	Yes
	SRS carrier switch is not supported
	Type 1
	No need
	N.A. 
	
	RAN4 reply LS, R1-1805817, includes candidate value sets
	RAN1/4
	candidate values set is up to RAN4

	
	No further action as agreed in [3]. RAN4 already sent LS to RAN1

	4-1
	Basic UL control channel
	1) PUCCH format 0 over 1 OFDM symbols once per slot 
2) PUCCH format 0 over 2 OFDM symbols once per slot with frequency hopping as “enabled”
3) PUCCH format 1 over 4 – 14 OFDM symbols once per slot with intra-slot frequency hopping as “enabled”
5) One SR configuration per PUCCH group
6) HARQ-ACK transmission once per slot with its resource/timing determined by using the DCI
7)
SR/HARQ multiplexing once per slot using a PUCCH (or piggybacked on a PUSCH) when SR/HARQ-ACK are supposed to be sent by overlapping PUCCH resources with the same starting symbols in a slot
8) HARQ-ACK piggyback on PUSCH
9) Semi-static beta-offset configuration for HARQ-ACK
10) One group of overlapping channels per slot per cell group for control multiplexing

	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	RAN4 to check feasibility of frequency hopping for PUCCH formats for FR2
	
	Mandatory without capability signaling
	Mandatory without capability signaling
	RAN4 needs to check feasibility of frequency hopping for PUCCH formats for FR2. “Feasibility” here means whether PUCCH demodulation performance can be kept or not when 120kHz SCS is assumed and RB hopping is applied in our understanding. 

	5-1
	Basic scheduling/HARQ operation
	1) Frequency-domain resource allocation
- RA Type 0 only and Type 1 only for PDSCH without interleaving
- RA Type 1 for PUSCH without interleaving
2) Time-domain resource allocation
- 1-14 OFDM symbols for PUSCH once per slot 
- Starting symbol, and duration are determined by using the DCI
- PDSCH mapping type A with 7-14 OFDM symbols
- PUSCH mapping type A and type B
- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A with {4-14} OFDM symbols and type B with {2, 4, 7} OFDM symbols
3) TBS determination
4) Nominal UE processing time for N1 and N2 (Capability #1)
5) HARQ process operation with configurable number of DL HARQ processes of up to 16
6) Cell specific RRC configured UL/DL assignment for TDD
7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment
8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 before RRC connection 
9) In TDD support at most one switch point per slot for actual DL/UL transmission(s)
10) DL scheduling slot offset K0=0
11) DL scheduling slot offset K0=1 for type 1 without dedicated RRC configuration and for type 0, 0A, and 2
12) UL scheduling slot offset K2<=12

For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, interleaving for VRB-to-PRB mapping for PDSCH
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	Note: If UE is configured with more than 8 HARQ processes, RAN4 continue to discuss the impact of 16 HARQ processes

	RAN1
	Mandatory without capability signaling
	Mandatory without capability signaling
	No further action is needed in terms of UE feature list. 16HARQ process is still under discussion in UE demodulation

	6-1
	Basic BWP operation with restriction
	
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier

3) RRC reconfiguration of any parameters related to BWP

4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for Pcell/PScell (if configured)  and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell

	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This feature should be mandatory without capability signaling for at least BWPs which is the same as the set of specified channel BW
RAN4 may discuss other BW requirements.

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	RAN4
	[Mandatory without capability signaling]
	
	RAN4 needs to decide signalling type and M/O?



Proposal 1: Discuss the following remaining issues on RAN4 related UE features in RAN1 UE feature list.
· 2-20, Beam correspondence, UE RF requirement for component-1 and feasibility for component-2, e.g. intra-band or inter-band, as indicated in [4].
· 4-1, Basic UL control channel, feasibility of frequency hopping for PUCCH formats for FR2
· 6-1, Basic BWP operation with restriction, signaling type and M/O

What we need to address for feature 4-1 is whether enough demodulation performance of some PUCCH formats could be kept or not when assuming 120kHz SCS and frequency (RB) hopping. In TS38.101-2, the transition period is allowed in case of RB hopping as follows:
	[bookmark: _Toc526340836]6.3.3.1	General
The transmit ON/OFF time mask defines the transient period(s) allowed
-	between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.



Transition period is 5us in FR2, but an OFDM symbol duration at 120kHz SCS is roughly 9us, hence it should be clarified whether enough demodulation performance of PUCCH, e.g. PUCCH format 0 with 2 symbols, can be kept or not when assuming intra slot frequency hopping as follows.
[image: ]
Fig. Transition period for PUCCH assuming 120kHz SCS in FR2

Proposal 2: For 4-1, RAN4 clarify whether enough PUCCH demodulation performance could be kept or not at least for PUCCH format 0 with 2 OFDM symbols and 120kHz SCS in FR2 (as a worst case) when intra-slot frequency (RB) hopping is enabled.

2.2. Update of RAN4 feature list
[bookmark: _GoBack]At the last RAN4 meeting, the the following was agreed regarding intra-cell interference mitigation receiver in UE demodulation session:
	Agreement: Introduce R-ML SU-MIMO IM receiver as an additional RAN4 NR UE feature
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know 
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN

	Baseband
	3-4
	SU-MIMO Interference Mitigation advanced receiver
	1) R-ML (reduced complexity ML) receivers with enhanced inter-stream interference suppression for SU-MIMO transmissions with rank 2 with 2 RX antennas 
2) R-ML (reduced complexity ML) receivers with enhanced inter-stream interference suppression for SU-MIMO transmissions with rank 2, 3, and 4 with 4 RX antennas
	
	No
	SU-MIMO  Interference Mitigation advanced receiver capability is not possible 
	Type 4
	No need
	No need
	
	UE supporting the feature is required to meet the Enhanced Receiver Type [TBD] requirements in TS 38.101-4
	RAN4
	Optional without capability signalling



NTT DOCOMO will capture it in the feature list for RAN4 for the next RAN plenary.



The updated RAN4 UE feature list is attached in this contribution. Note that the latest approved RAN4 UE feature list is [2].
3. Conclusion
In this contribution, we discuss the remaining issues on RAN4 related UE features.
Proposal 1: Discuss the following remaining issues on RAN4 related UE features in RAN1 UE feature list.
· 2-20, Beam correspondence, UE RF requirement for component-1 and feasibility for component-2, e.g. intra-band or inter-band, as indicated in [4].
· 4-1, Basic UL control channel, feasibility of frequency hopping for PUCCH formats for FR2
· 6-1, Basic BWP operation with restriction, signaling type and M/O
Proposal 2: For 4-1, RAN4 clarify whether enough PUCCH demodulation performance could be kept or not especially for PUCCH format 0 with 2 OFDM symbols and 120kHz SCS in FR2 (as a worst case) when intra-slot frequency (RB) hopping is enabled.

Also, updated RAN4 feature list is attached in this contribution.
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