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Introduction
Based on the WID [1], the following features are introduced for NB-IoT and eMTC in R17:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]16-QAM for unicast in UL and DL [RAN1, RAN2, RAN4]
· 14-HARQ processes in DL, for HD-FDD Cat M1 UEs [RAN1]
· Signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps [RAN2, RAN4].\
· Support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration [RAN2, RAN3]
· For UEs supporting PUSCH sub-PRB resource allocation, support of power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power [RAN4]
· Support of a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only [RAN1, RAN2]

RAN2 has started discussing UE capabilities for Rel-17, however RAN2 has not yet discussed the need for FDD/TDD, EPC/5GC differentiation.

In this document we discuss UE capabilities and the need for FDD/TDD, EPC/5GC differentiation taking the RAN1 LS [2] on UE features list as an input.
Discussion
16-QAM for unicast in UL and DL
Below is an extract of RAN1 UE features list:
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	Type

	Need of FDD/TDD differentiation
	Note

	16-QAM for unicast NPDSCH
	1. Reception of unicast NPDSCH modulated with 16-QAM
2. CQI report to support 16-QAM modulation
3. Downlink power allocation for 16-QAM
	Category NB-2
	Yes
	Per UE
	[Yes]
	It is RAN1 assumption that 16-QAM for unicast in DL is compatible with all other NB-IoT features in connected-mode plus PUR

	16-QAM for unicast NPUSCH
	1. Transmission of unicast NPUSCH modulated with 16-QAM
2. New term in the UE’s transmit power control equation.
	Category NB-2
	Yes
	Per UE
	[Yes]
	It is RAN1 assumption that 16-QAM for unicast in UL is compatible with all other NB-IoT features in connected-mode plus PUR



RAN1 has not yet concluded on the need for FDD/TDD differentiation. However, all physical layer features are currently defined with FDD/TDD differentiation due to TDD having only be introduced in Rel-15.
Proposal 1:  Working assumption: Introduce FDD/TDD differentiation for 16-QAM for unicast NPDSCH and 16-QAM for unicast NPUSCH. This can be revisited if RAN1 decides otherwise.

16-QAM for unicast NPDSCH and 16-QAM for unicast NPUSCH are pure RAN features and independent of which core network the UE is connected to. Thus there is no need for EPC/5GC differentiation.
Proposal 2:  16-QAM for unicast NPDSCH and 16-QAM for unicast NPUSCH are supported without EPC/5GC differentiation.
14-HARQ processes in DL, for HD-FDD Cat M1 UEs
Below is an extract of RAN1 UE features list:
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	Type

	Need of FDD/TDD differentiation
	Note

	14 HARQ processes for PDSCH for HD-FDD Cat. M1 UEs
	1. Support of 14 DL HARQ processes for unicast in HD-FDD in CE mode A in RRC_CONNECTED
2. PDSCH scheduling delay
3. HARQ-ACK delay solution with Alt-1 and Alt-2e

	1. Category M1
2. HD-FDD

	Yes
	Per UE
	FDD only
	•	PDSCH scheduling delay:
o	2 BL/CE DL subframes.
o	1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
o	1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
•	HARQ-ACK delay:
o	Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
o	Alt-2e: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
For component 3, UE reports one of {Alt-1, Alt-1 and Alt-2e}



Observation 1:  As per RAN1 agreement, 14 HARQ processes for PDSCH is only supported for FDD.
RAN2 has not discussed yet capability signalling for 14 HARQ processes for PDSCH.  RAN1 has agreed that support of 14 HARQ processes for PDSCH was optional with capability signalling and that UE could report support for HARQ-ACK delay solution with Alt-1 or support of HARQ-ACK delay solution with Alt-1 and Alt-2e.
Proposal 3:  Introduce a new UE capability ce-14HARQProcesses-r17, conditional to support of ce-ModeA-r13. Signalling of the capability implies support of HARQ-ACK delay solution with Alt-1.
Proposal 4:  Introduce a new UE capability ce-14HARQProcesses-Alt2-r17, conditional to support of ce-14HARQProcesses-r17, for additional support of HARQ-ACK delay solution with Alt-2e.

14 HARQ processes for PDSCH is a pure RAN feature and independent of which core network the UE is connected to. Thus there is no need for EPC/5GC differentiation.
Proposal 5:  14 HARQ processes for PDSCH is supported without EPC/5GC differentiation.

Connected mode measurements for RLF
Connected mode measurements for RLF introduces signaling to perform measurements when the UE is in connected and corresponding measurement requirements. The feature is independent of which carrier is actually measured which is dependent of the band supported by the UE.  Thus there is no need for FDD/TDD differentiation
Connected mode measurements for RLF is a pure RAN feature and is independent of which core network the UE is connected to. Thus there is no need for EPC/5GC differentiation.
Proposal 5:  Connected mode measurements for RLF is supported without FDD/TDD differentiation and without EPC/5GC differentiation.
Coverage based paging carrier selection 
Coverage based carrier selection introduces signaling for a new paging carrier selection criteria and is independent of which mode of operation, FDD or TDD, is used. Thus there is no need for FDD/TDD differentiation
Coverage based carrier selection for RLF is a pure RAN feature and is independent of which core network the UE is connected to. Thus there is no need for EPC/5GC differentiation.
Proposal 6:  Coverage based paging carrier selection is supported without FDD/TDD differentiation and without EPC/5GC differentiation.
Power reduction for PRACH, PUCCH, and full-PRB PUSCH
The feature is a pure RAN4 feature and RAN4 has not provided any information yet.
Proposal 8:  Wait for RAN4 to decide which capability is needed for power reduction for PRACH, PUCCH, and full-PRB PUSCH.
Maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only 
Below is an extract of RAN1 UE features list:
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	Type

	Need of FDD/TDD differentiation
	Note

	A maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only
	1. Support of 1736 bits max DL TBS for unicast in HD-FDD in CE mode A in RRC_CONNECTED
	1. Category M1
2. HD-FDD

	Yes
	Per UE
	FDD only
	




Observation 3:  As per RAN1 agreement, Maximum DL TBS of 1736 bits is only supported for FDD.
Maximum DL TBS of 1736 bits is a pure RAN feature and is independent of which core network the UE is connected to. Thus there is no need for EPC/5GC differentiation.
Proposal 9:  Maximum DL TBS of 1736 bits is supported without EPC/5GC differentiation.
Conclusion
In this paper, we have discussed UE capability, FDD/TDD and EPC/5GC differentiation and made the following observations and proposals:
Proposal 1:  Working assumption: Introduce FDD/TDD differentiation for 16-QAM for unicast NPDSCH and 16-QAM for unicast NPUSCH. This can be revisited if RAN1 decides otherwise.
Proposal 2:  16-QAM for unicast NPDSCH and 16-QAM for unicast NPUSCH are supported without EPC/5GC differentiation.
Observation 1:  As per RAN1 agreement, 14 HARQ processes for PDSCH is only supported for FDD.
Proposal 3:  Introduce a new UE capability ce-14HARQProcesses-r17, conditional to support of ce-ModeA-r13. Signalling of the capability implies support of HARQ-ACK delay solution with Alt-1.
Proposal 4:  Introduce a new UE capability ce-14HARQProcesses-Alt2-r17, conditional to support of ce-14HARQProcesses-r17, for additional support of HARQ-ACK delay solution with Alt-2e.
Proposal 5:  14 HARQ processes for PDSCH is supported without EPC/5GC differentiation.
Proposal 6:  Connected mode measurements for RLF is supported without FDD/TDD differentiation and without EPC/5GC differentiation.
Proposal 7:  Coverage based paging carrier selection is supported without FDD/TDD differentiation and without EPC/5GC differentiation.
Proposal 8:  Wait for RAN4 to decide which capability is needed for power reduction for PRACH, PUCCH, and full-PRB PUSCH.
Observation 3:  As per RAN1 agreement, Maximum DL TBS of 1736 bits is only supported for FDD.
Proposal 9:  Maximum DL TBS of 1736 bits is supported without EPC/5GC differentiation.
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