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1 Introduction
In this contribution, we discuss several remaining issues for Rel-15 NR UE capabilities, including the possibility of separate eMBB/URLLC UE types, and mandatory/optional settings for the undecided Rel-15 NR UE features. 
2 Separate eMBB/URLLC UE types
It is noted that the prior discussion on the mandatory/optional setting for the Rel-15 NR features mainly considered eMBB. To provide a better economy of scale and ensure better support of URLLC, it is worthwhile to discuss whether the mandatory/optional settings for some of features need to be revised for URLLC. Consequently, different types of UEs may be considered, e.g. one for eMBB and one for URLLC. Such UE type indication can be either explicit or implicit.
The following set of RAN1 UE features are related to either low latency or high reliability, but all of them are set to optional with capability signaling. It is proposed to consider setting a subset of the following RAN1 UE features as mandatory with capability signaling for URLLC type of UEs.
Table 1: A list of UE features that related to low latency or high reliability
	Feature group
	Feature component

	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

	3-5b
	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 span gap

	5-1a
	More than one DL/UL switch point in a slot

	5-11
	Up to 2 unicast PDSCHs per slot for different TBs  for UE processing time capability 1

	5-11a
	Up to 7 unicast PDSCHs per slot for different TBs  for UE processing time capability 1

	5-11b
	Up to 4 unicast PDSCHs per slot for different TBs  for UE processing time capability 1

	5-12
	Up to 2 PUSCHs per slot for different TBs for UE processing time capability 1

	5-12a
	Up to 7 PUSCHs per slot for different TBs for UE processing time capability 1

	5-12b
	Up to 4 PUSCHs per slot for different TBs for UE processing time capability 1

	1 [5-5a]? 
	UE PDSCH processing capability #2 

	2 [5-5b]? 
	UE PDSCH processing capability #2 with scheduling limitation for 30kHz-SCS 

	3 [5-5c]? 
	UE PUSCH processing capability #2 

	4 [5-30a]? 
	New 64QAM MCS table for PDSCH 

	5 [5-30b]? 
	New 64QAM MCS table for PUSCH 

	6 [2-32c]? 
	New CQI table 

	7 [5-30c]? 
	Dynamic indication of MCS table with new RNTI for PDSCH 

	8[5-30c] 
	Dynamic indication of MCS table with new RNTI for PUSCH

	9 [5-13] 
	Up to 2 unicast PDSCHs per slot for different TBs for UE processing time Capability 2 

	10 [5-13a] 
	Up to 7 unicast PDSCHs per slot for different TBs for UE processing time Capability 2 

	11 [5-13c] 
	Up to 4 unicast PDSCHs per slot for different TBs for UE processing time Capability 2 

	12 [5-13d] 
	Up to 2 unicast PUSCHs per slot for different TBs for UE processing time Capability 2 

	13 [5-13e] 
	Up to 7 unicast PUSCHs per slot for different TBs for UE processing time Capability 2 

	14 [5-13f] 
	Up to 4 unicast PUSCHs per slot for different TBs for UE processing time Capability 2 


Proposal 1: Introduce separate UE types in Rel-15, one for eMBB UEs and one for URLLC UEs.
Proposal 2: Discuss and mandate (with capability signaling) a set of UE features related to low latency and/or reliability for URLLC UEs.
3 Mandatory/optional setting for undecided UE features
There are several UE features for which mandatory/optional settings are not decided yet. In this section, we provide our preference and comments in Table 2.
Proposal 3: Discuss the mandatory/optional settings in Table 2.
Table 2: Preference/comments on remaining UE features
	Feature group
	Feature component
	Huawei/HiSilicon preference/comments

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

	2-2
	PDSCH beam switching
	Mandatory with capability signaling for FR2, i.e. at least one of the values is supported by the UE.

	2-4
	TCI states for PDSCH
	Mandatory with capability signaling
Consider removing candidate values {4, 8, 16, 32} given UE is mandated to signal 64.

	2-13
	PUSCH codebook coherency subset
	Mandatory with capability signaling, i.e. UE reports at least one value.

	2-14
	Codebook based PUSCH MIMO transmission
	Mandatory with capability signaling, i.e. UE reports one value for each component

Clarification: does “no-codebook” in the possible candidate values refer to single Tx antenna? 

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

Clarification: Does “no non-codebook” in the possible candidate values refer to single Tx antenna?

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

	2-20
	Beam correspondence
	Optional with capability signaling for FR2.

This feature is not supported for FR1.

	2-20a
	Configured spatial relations
	Mandatory with capability signaling
Consider removing candidate values {4, 8, 16, 32} and mandate to signal 64

	2-20b
	Active spatial relations
	Mandatory with capability signaling, i.e. at least one of the values is supported by the UE.

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

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

	2-24
	SSB/CSI-RS for beam measurement
	Mandatory with capability signaling for both FR1 and FR2, i.e. UE at least reports one value for each component.
Component 1: remove 0 since MB_1>=8 are mandated for both FR1 and FR2

Component 1a: remove 0 and mandate to signal 8. The difference between component 1 and 1a is that component 1 is within a slot and component 1a is cross slot.

	2-25
	Beam reporting timing
	Mandatory with capability signaling, i.e. UE at least reports one value for each Xi

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

Optional with UE capability for FR1

	2-27
	Beam switching
	It is difficult to define the total number of Tx and Rx beam changes within a slot in specification. Thus, it is proposed to remove this feature.

	2-28
	A-CSI-RS beam switching timing
	Mandatory with capability signaling for FR2, i.e. at least one value is reported by a UE for FR2

	2-29
	Non-group based beam reporting
	Mandatory with capability signaling for both FR1 and FR2, i.e. at least UE needs to report one value

	2-30
	Uplink beam management
	Mandatory with capability signaling for FR2, i.e. at least UE needs to report one value for each component

Optional with capability signaling for FR1

	2-31
	Beam failure recovery
	Mandatory with capability signaling for FR2,  i.e. at least UE needs to report one value for each component

This feature is not supported for FR1.

	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-33a
	Supported PDSCH RE-mapping patterns

Note: this FG will be moved to 5-x family
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component.
Remove the brackets of component 2 and also correct a typo.
[Compponent-2 candidate values: {from 16: 16: 256 16} for FR1

{16: 16: 256} for FR2]

	2-34
	NZP-CSI-RS  based interference measurement
	Mandatory with capability signaling

	2-35
	CSI report framework
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-36
	Type I single panel codebook
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-38
	CSI report without PMI
	Optional with UE capability signaling

	2-41
	Type II codebook
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

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

	2-47
	Basic UL PTRS
	Mandatory with UE capability signaling for both FR2 and FR1

	2-51
	TRS

(CSI-RS for tracking)
	Mandatory with capability signaling , i.e. at least UE needs to report one value for each component

	2-53
	SRS resources
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-54a
	Simultaneous SRS Tx
	Optional with UE capability signaling

	2-55
	SRS Tx switch
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-56
	SRS carrier switch
	Mandatory with capability signaling

	4-24
	PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource
	It is proposed to remove this feature, given that features 2-20a/b/c are introduced in RAN1#94.

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

	6-1
	Basic BWP operation with restriction
	Mandatory without capability signaling

	6-16
	Supplemental uplink
	Optional with capability signaling

	6-18
	Supplemental uplink with dynamic switch
	Mandatory with capability signaling


4 Clarification of some UE feature components
In this section, we provide clarification on some of the UE features and corresponding components. 
For features 5-11/5-11b/5-12/5-12b/9[5-13]/11[5-13c]/12[5-13d]/14[5-13f], we prefer that there is time separation between the multiple unicast PDSCH/PUSCH within a slot. The time separation is between the starting symbols of the multiple unicast PDSCH/PUSCH within a slot.
For features 9[5-13]/10[5-13a]/11[5-13c]/12[5-13d]/13[5-13e]/14[5-13f], we prefer to include the components of 1[5-5a] and 3[5-5c]. The considerations is that the number of carriers that a UE can support with UE processing capability #2 may be different for 1[5-5a] and 9[5-13]/10[5-13a]/11[5-13c]. Similarly, the number of carriers that a UE can support with UE processing capability #2 may be different for 3[5-5c] and 12[5-13d]/13[5-13e]/14[5-13f]. The WG recommendations for features 9[5-13]/10[5-13a]/11[5-13c] and 12[5-13d]/13[5-13e]/14[5-13f] are also updated, by including the corresponding part from features 1[5-5a] and 3[5-5c]. Consequently, in the “Note” column, the part “More than one set of per SCS per band reports can be signaled for a given band combination” from 1[5-5a] and 3[5-5c] shall also be captured for 9[5-13]/10[5-13a]/11[5-13c] and 12[5-13d]/13[5-13e]/14[5-13f].
Proposal 4: Update the UE processing related features as in Table 3. 
Table 3: Clarification on UE processing related features
	Feature group
	Feature component
	Mandatory without capability signaling
	Note
	RAN WG recommendations

	5-11
	Up to 2 unicast PDSCHs per slot for different TBs for UE processing time Capability 1, with PDSCH gap
	Up to 2 unicast PDSCHs per slot only in TDM is supported for Capability 1 with minimum time separation (including the cross-slot boundary case) between two unicast PDSCHs no less than 7 OFDM symbols
	
	

	5-11b
	Up to 4 unicast PDSCHs per slot for different TBs for UE processing time Capability 1, with PDSCH gap
	Up to 4 unicast PDSCHs per slot only in TDM is supported for Capability 1 with minimum time separation (including the cross-slot boundary case) between two unicast PDSCHs no less than 4 OFDM symbols
	
	

	5-12
	Up to 2 PUSCHs per slot for different TBs for UE processing time Capability 1, with PUSCH gap
	Up to 2 unicast PUSCHs per slot only in TDM is supported for Capability 1 with minimum time separation (including the cross-slot boundary case) between two unicast PUSCHs no less than 7 OFDM symbols
	
	

	5-12b
	Up to 4 PUSCHs per slot for different TBs for UE processing time Capability 1, with PUSCH gap
	Up to 4 unicast PUSCHs per slot only in TDM is supported for Capability 1 with minimum time separation (including the cross-slot boundary case) between two unicast PUSCHs no less than 4 OFDM symbols
	
	

	9 [5-13]
	Up to 2 unicast PDSCHs per slot for different TBs for UE processing time Capability 2, with PDSCH gap
	Up to 2 unicast PDSCHs per slot only in TDM is supported for Capability 2 with minimum time separation (including the cross-slot boundary case) between two unicast PDSCHs no less than 7 OFDM symbols

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) No scheduling limitation

3) N1 based on Table 5.3-2 of TS 38.214 for given SCS from {15, 30, 60} kHz


	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}

	10 [5-13a]
	Up to 7 unicast PDSCHs per slot for different TBs for UE processing time Capability 2
	Up to 7 unicast PDSCHs per slot only in TDM is supported for Capability 2

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) No scheduling limitation

3) N1 based on Table 5.3-2 of TS 38.214 for given SCS from {15, 30, 60} kHz


	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}

	11 [5-13c]
	Up to 4 unicast PDSCHs per slot for different TBs for UE processing time Capability 2, with PDSCH gap
	Up to 4 unicast PDSCHs per slot only in TDM is supported for Capability 2 with minimum time separation (including the cross-slot boundary case) between two unicast PDSCHs no less than 4 OFDM symbols

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) No scheduling limitation

3) N1 based on Table 5.3-2 of TS 38.214 for given SCS from {15, 30, 60} kHz


	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}

	12 [5-13d]
	Up to 2 PUSCHs per slot for different TBs for UE processing time Capability 2, with PUSCH gap
	Up to 2 unicast PUSCHs per slot only in TDM is supported for Capability 2 with minimum time separation (including the cross-slot boundary case) between two unicast PUSCHs no less than 7 OFDM symbols

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) N2 based on Table 6.4-2 of TS 38.214 for given SCS from {15, 30, 60} kHz
	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}

	13 [5-13e]
	Up to 7 PUSCHs per slot for different TBs for UE processing time Capability 2
	Up to 7 unicast PUSCHs per slot only in TDM is supported for Capability 2

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) N2 based on Table 6.4-2 of TS 38.214 for given SCS from {15, 30, 60} kHz
	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}

	14 [5-13f]
	Up to 4 PUSCHs per slot for different TBs for UE processing time Capability 2, with PUSCH gap
	Up to 4 unicast PUSCHs per slot only in TDM is supported for Capability 2 with minimum time separation (including the cross-slot boundary case) between two unicast PUSCHs no less than 4 OFDM symbols

UE can report values ‘X’ and ‘Fallback’, and supports the following operation, only when all carriers are self-scheduled and all Capability #2 carriers in a band are of the same numerology

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

2) N2 based on Table 6.4-2 of TS 38.214 for given SCS from {15, 30, 60} kHz
	This capability is necessary for each SCS

More than one set of per SCS per band reports can be signaled for a given band combination
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 

Fallback {‘SC’,’Cap1-only’}


5 RAN4 UE feature 2-8

PA calibration gap was introduced in the earlier RAN4 meeting without discussion on different kinds of calibration gap on FR2. The calibration gap can be divided into “rank restricted gap” and “total gap”. “Rank restricted gap” is used for online DPD calibration to improve PA linearity. “Total gap” is used for IQ image and LO leakage online calibration which can ensure the RF performance of the transceiver. There were some tentative agreements in RAN4 to introduce both of the gaps to enhance the performance of FR2. Since the two kinds of calibration gap have problem on unified scheduling, the discussion is not completed in RAN4. In case of the frozen of ASN.1, we propose to update the UE feature 2-8 to incorporate both kinds of calibration gap as in Table 4. 

Proposal 5: Update the RAN4 UE feature 2-8 as in Table 4.

Table 4: RAN4 UE feature 2-8 clarification

	#
	Feature group
	Components
	Prerequisite feature groups 
	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 R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	2-8
	PA calibration gap
	1) Support of PA calibration gap to implement PA digital pre-distortion techniques
2) Support of calibration gap to implement IQ image and LO leakage
	
	Yes
	UE does not support calibration gap 
	Type 4
	No Need
	Applicable only to FR2
	
	RAN4 will further discuss the UE capability in the future. We can revisit the need of calibration gap once RAN4 reach consensus.

Introduce type 4 (per UE for FR2 only) UE capability signalling to inform network that the UE needs PA calibration gap for meeting the UE Tx requirements. If UE does not indicate this capability, the UE meets the UE Tx requirements without PA calibration gap
Separate UE capability signaling bits are needed for components 1 and 2.
	RAN4
	TBD 
	


6 Conclusions
In this contribution, we discuss several remaining issues for Rel-15 NR UE features. The following proposals are made for discussion and decision. 
Proposal 1: Introduce separate UE types in Rel-15, one for eMBB UEs and one for URLLC UEs.
Proposal 2: Discuss and mandate (with capability signaling) a set of UE features related to low latency and/or reliability for URLLC UEs.
Proposal 3: Discuss the mandatory/optional settings in Table 2.
Proposal 4: Update the UE processing related features as in Table 3. 

Proposal 5: Update the RAN4 UE feature 2-8 as in Table 4.

