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1 Introduction
In this contribution, we provide clarification on some of the UE features and corresponding components. 
2 Clarification of some UE feature components
2.1
UE features 3-1 
UE feature 3-1 requires UE support at most 2 monitoring span. One monitor span is for UE-specific DCI. It is within the first 3 symbols of a slot. The second span is for common DCI. It is a length of three consecutive symbols within a slot. There is no addition description on the relationship of these two spans. UE feature 3-5b shows for any PDCCH monitor occasion, there is a gap.  The two monitor spans in UE feature 3-1 also applies to this requirement. 
 Proposal 1: Update the component of UE features 3-1 as in Table 1.
Table 1: Update to the UE features 3-1
	#
	Feature group
	Feature component
	Note
	RAN WG recommendations

	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per carrier in addition to CORESET0

- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

- 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 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs

- Interleaved and non-interleaved CCE-to-REG mapping

- Precoder-granularity of REG-bundle size 

- PDCCH DMRS scrambling determination

- TCI state(s) for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per carrier
- PDCCH aggregation levels 1, 2, 4, 8, 16

- UP to 3 search space sets in a slot for a scheduled SCell per BWP

This search space limit is before applying all dropping rules. 

- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

- For type 1 PDCCH CSS without dedicated RRC configuration and for type 0, 0A, and 2 PDCCH CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1-PDCCH CSS without dedicated RRC configuration, or Types 0, 0A, or 2 PDCCH-CSS configurations within a single span of three consecutive OFDM symbols within a slot

For any two PDCCH monitoring occasions in same or different search spaces, there is a minimum time separation of X OFDM symbols, where X is 

· 2 OFDM symbols for 15kHz SCS
· 4 OFDM symbols for 30kHz SCS

· 7 OFDM symbols for 60kHz SCS 

· 14 OFDM symbols for 120kHz SCS
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD


	
	Mandatory without capability signaling


2.2
UE feature 5-11/5-11a/5-11b/5-12/5-12/5-12a/5-12b/5-13/ 5-13a/5-13c/5-13d /5-13e/5-13f
UE features 5-11/5-11a/5-11b/5-12/5-12a/5-12b/5-13/5-13a/5-13c/5-13d/5-13e/5-13f  defines how many PDSCH or PUSCH UE can support per slot. It is not clear whether the number these numbers are defined per carrier or per UE. 
Proposal 2: Update the component of UE features 5-11/5-11a/5-11b/5-12/5-12a/5-12b/5-13/ 5-13a/5-13c/5-13d/5-13e/5-13f as in Table 2.
Table 2: Update to the UE features 5-11/5-11a/5-11b/5-12/5-12a/5-12b/5-13/ 5-13a/5-13c/5-13d/5-13e/5-13f
	#
	Feature group
	Feature component
	Note
	RAN WG recommendations

	5-11
	Up to 2 unicast PDSCHs per slot per carrier for different TBs for UE processing time Capability 1  
	Up to 2 unicast PDSCHs per slot per carrier only in TDM is supported for Capability 1

1) PDSCH(s) for Msg. 4 is included


	This capability is necessary for each SCS
	Optional with capability signaling

	5-11a
	Up to 7 unicast PDSCHs per slot per carrier for different TBs for UE processing time Capability 1
	Up to 7 unicast PDSCHs per slot per carrier only in TDM is supported for Capability 1

1) PDSCH(s) for Msg. 4 is included


	This capability is necessary for each SCS
	Optional with capability signaling

	5-11b
	Up to 4 unicast PDSCHs per slot per carrier for different TBs for UE processing time Capability 1
	Up to 4 unicast PDSCHs per slot per carrier only in TDM is supported for Capability 1

1) PDSCH(s) for Msg. 4 is included


	This capability is necessary for each SCS
	Optional with capability signaling

	5-12
	Up to 2 PUSCHs per slot per carrier for different TBs for UE processing time Capability 1
	Up to 2 unicast PUSCHs per slot per carrier only in TDM is supported for Capability 1


	This capability is necessary for each SCS
	Optional with capability signaling

	5-12a
	Up to 7 PUSCHs per slot per carrier for different TBs for UE processing time Capability 1
	Up to 7 unicast PUSCHs per slot per carrier only in TDM is supported for Capability 1


	This capability is necessary for each SCS
	Optional with capability signaling

	5-12b
	Up to 4 PUSCHs per slot per carrier for different TBs for UE processing time Capability 1
	Up to 4 unicast PUSCHs per slot per carrier only in TDM is supported for Capability 1


	This capability is necessary for each SCS
	Optional with capability signaling

	9 [5-13]
	Up to 2 unicast PDSCHs per slot per carrier for different TBs for UE processing time Capability 2
	 Up to 2 unicast PDSCHs per slot per carrier only in TDM is supported for Capability 2

UE can report values ‘X’ 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


	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 



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

UE can report values ‘X’ 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


	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 



	11 [5-13c]
	Up to 4 unicast PDSCHs per slot per carrier for different TBs for UE processing time Capability 2
	Up to 4 unicast PDSCHs per slot per carrier only in TDM is supported for Capability 2

UE can report values ‘X’ 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


	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 



	12 [5-13d]
	Up to 2 PUSCHs per slot per carrier for different TBs for UE processing time Capability 2
	Up to 2 unicast PUSCHs per slot per carrier only in TDM is supported for Capability 2

UE can report values ‘X’ 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
	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 



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

UE can report values ‘X’ 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
	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 



	14 [5-13f]
	Up to 4 PUSCHs per slot per carrier for different TBs for UE processing time Capability 2
	Up to 4 unicast PUSCHs per slot per carrier only in TDM is supported for Capability 2

UE can report values ‘X’ 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
	Optional with capability signaling
	Optional with capability signaling

Candidate values for Component 1:

X in {1,..,16}, 




2.3
UE feature 5-17a and UE feature 5-11/5-11a/5-11b/5-13/ 5-13a/5-13c
AggregationFactor is a semi-static parameter in PDSCH-Config. UE feature 5-17a is about PDSCH repetitions over multiple slots. For a UE support 5-17a, if the UE is configured with pdsch-AggregationFactor, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. On the other hand, according UE capability 5-11/5-11a/5-11b/5-13/ 5-13a/5-13c, UE may be scheduled to receive more than one PDSCH per slot if capable. So for UEs supporting both 5-17a and one of feature of 5-11/5-11a/5-11b/5-13/ 5-13a/5-13c, they can be scheduled to receive N PDSCHs per slot with aggregation factor greater than 1. Following figure shows one example. 
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Figure 1. Slot aggregation with multiple PDSCHs per slot

This kind of scheduling requires UE to hold on several PDSCHs to wait for their repetitions for further processing, which increases the UE processing complexity (noting that Rel-15 NR doesn’t mandate UE to receive more than one unicast PDSCHs simultaneously per cell). In addition, there seems be no use case/benefits for such kind of scheduling. For eMBB, long PDSCH can be as good as short PDSCH in term of coverage. For URLLC, back to back mini-slot aggregation/repetition in one slot can greatly reduce the latency while scheduling shown in Figure 1 will increase the latency for each TB. Overall we consider this kind of UE behaviour is not desirable and should be avoided by explicitly network scheduling restriction, which eventually simplifies network scheduling without performance loss.  

Proposal 3: UE feature 5-17a and UE feature 5-11/5-11a/5-11b/5-13/5-13a/5-13c can’t be enabled simultaneously. If a UE is configured with pdsch-AggregationFactor, the UE is not expected to be scheduled to receive more than one unicast PDSCH per slot per carrier. 
3 Half-duplex in NR CA

For half-duplex operation in NR CA, how a UE deals with the conflicting transmission directions among serving cells has been discussed by email after RAN1#95, and some agreements were reached. For the UE capability, it can be further separated into different scenarios: 

· For intra-band CA, including both contiguous and non-contiguous, aggregated carriers should use same DL and UL direction to avoid adjacent frequency interference. Therefore, the half-duplex behavior does not apply to the intra-band CA.

· For inter-band CA, RAN4 UE FG#2-5 defines the UE capability on simultaneous reception and transmission and it also specifies that the mandatory/optional support of RAN4 FG#2-5 depends on band combination (see below). Therefore, for band combinations where support of RAN4 FG#2-5 is mandatory and for band combinations where UE optionally supports RAN4 FG#2-5, the half-duplex behavior does not apply to the UE. For other band combinations, i.e., for band combinations where UE does not support RAN4 FG#2-5, the UE should be mandated to support the half-duplex operation since otherwise UE cannot operate in those band combinations, and therefore, the agreed half-duplex UE behavior should be mandatory without capability signaling.
	2-5
	Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)
	
	Yes
	UE does not support simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)
	Type 3 (Per band combination)
	No Need
	No Need
	
	For TDD-FDD and TDD-TDD band combinations for which simultaneous RxTx capability is agreed to be supported, corresponding capability indication must be set to “supported”.

Band combinations for which simultaneous RxTx capability is mandatory are captured in TS 38.101-1, TS 38.101-2 and TS 38.101-3


	RAN4
	Mandatory/Optional support depends on band combination and captured in TS 38.101-1, TS 38.101-2 and TS 38.101-3
	Mandatory/Optional support depends on band combination and captured in TS 38.101-1, TS 38.101-2 and TS 38.101-3


As discussed above, the half-duplex behavior applies only to the case of inter-band CA for UEs which cannot support simultaneous reception and transmission among aggregated cells. For these UEs, mandatory without capability signaling is used, and no new UE feature group is needed to be introduced. 
Proposal 4: For half-duplex behavior in CA, no new feature group is introduced. 

4
Conclusions
In this contribution, we make clarification on some of the UE features and corresponding components. The following proposals are made for discussion and decision. 
Proposal 1: Update the component of UE features 3-1 as in Table 1.
Proposal 2: Update the component of UE features 5-11/5-11a/5-11b/5-12/5-12a/5-12b/5-13/ 5-13a/5-13c/5-13d/5-13e/5-13f as in Table 2.
Proposal 3: UE feature 5-17a and UE feature 5-11/5-11a/5-11b/5-13/5-13a/5-13c can’t be enabled simultaneously. If a UE is configured with pdsch-AggregationFactor, the UE is not expected to be scheduled to receive more than one unicast PDSCH per slot per carrier. 

Proposal 4: For half-duplex behavior in CA, no new feature group is introduced. 

References
[1] RP-182900, RAN4 UE feature list for NR

