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1	Introduction
In the Work Item (WI) on “Rel-17 enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for NB-IoT:
	· [bookmark: _Hlk30583880][bookmark: _Hlk30584214]Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 



In this contribution, we will discuss 16-QAM support for NB-IoT from a RAN2 perspective, including detailed signaling design.
[bookmark: _Ref178064866]2	Discussion
In RAN2 #113-bis-e, the following Working Assumption was made:
	Agreements:
· Working assumption: Support of 16-QAM has separate UE capabilities for DL and UL




In RAN1# 103-e, the following agreements were reached: 
	Agreement
For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:
· The support of 16QAM in DL is indicated by an optional UE capability signaling. 
· The support of 16QAM in UL is indicated by an optional UE capability signaling.




	Agreement
For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:
· 16QAM for UL is configured by UE-specific RRC signaling.
· 16QAM for DL is configured by UE-specific RRC signaling.




The agreements reached in RAN1# 103-e above were made to decouple DL from UL in terms of UE capabilities and configuration. The agreements from RAN1# 103-e captured separately (i.e., using independent bullets) UL and DL, which reflects the decoupling and that there is no dependency of UE capabilities between DL and UL.
[bookmark: _Toc61549648]Confirm the working assumption: The support of 16-QAM uses separate UE capabilities for DL and UL.
Text proposals are provided in Annex A.1 and Annex A.2.
On the other hand, as agreed in RAN1, separate UE-specific RRC signaling for DL and UL should be introduced. For signaling design, as the configuration is UE-specific, the enable/disable signaling should be introduced into NPDSCH-ConfigDedicated-NB and NPUSCH-ConfigDedicated-NB included in physicalConfigDedicated-NB separately. 
[bookmark: _Toc61549649]Introduce the support of 16-QAM using separate UE dedicated RRC signaling for DL and UL into NPDSCH-ConfigDedicated-NB and NPUSCH-ConfigDedicated-NB included in physicalConfigDedicated-NB separately.
A text proposal is provided in Annex A.3.
Regarding the downlink power configuration to support 16-QAM, RAN1 has not concluded the discussions yet on the signaling details. Thus, RAN2 should wait for RAN1 agreement on this matter. 
Regarding the uplink power configuration to support 16-QAM, in RAN1 #104-bis-e, the following was noted:
	For future meeting:
· Additional power control parameter for 16-QAM (e.g. similar to ΔTF)



Thus, RAN2 should wait for RAN1 agreement on uplink power control to check if RRC signaling for additional power control parameter is needed.
[bookmark: _Toc61549650]RAN2 should wait for RAN1 agreements on downlink and uplink power allocation related to the signaling details.

According to RAN1 agreements, for both UL and DL, 16-QAM is not applicable to EDT, letting FFS the applicability of 16-QAM for PUR and Multi-TB.
RAN2 should wait for RAN1 to decide on the applicability of 16-QAM for PUR and Multi-TB.
RAN1 should decide on the applicability of 16-QAM for PUR and Multi-TB.

Regarding the channel quality report, as stated in the WID, it should be extended to support 16-QAM in DL. RAN1 has just started the discussion. RAN1 should further decide the granularity of channel quality report for 16-QAM. 
Thus, RAN2 should wait for RAN1 and/or RAN4 agreements to decide how to update DCQR and AS RAI MAC control element to support 16-QAM and if channel quality report in RRC_IDLE mode will be supported.
[bookmark: _Toc61549651]RAN2 should wait for RAN1 and/or RAN4 agreements on channel quality report. 

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the working assumption: The support of 16-QAM uses separate UE capabilities for DL and UL.
Proposal 2	Introduce the support of 16-QAM using separate UE dedicated RRC signaling for DL and UL into NPDSCH-ConfigDedicated-NB and NPUSCH-ConfigDedicated-NB included in physicalConfigDedicated-NB separately.
Proposal 3	RAN2 should wait for RAN1 agreements on downlink and uplink power allocation related to the signaling details.
Proposal 4	RAN1 should decide on the applicability of 16-QAM for PUR and Multi-TB.
Proposal 5	RAN2 should wait for RAN1 and/or RAN4 agreements on channel quality report.

[bookmark: _In-sequence_SDU_delivery]References
RP-201306, "WID revision: Additional enhancements for NB-IoT and LTE-MTC”, RAN #88e, Electronic Meeting, June 29th – July 3rd, 2020.


Annex A
Annex A.1	TP of UE capabilities for TS 36.331
[bookmark: _Toc20487640][bookmark: _Toc29342947][bookmark: _Toc29344086][bookmark: _Toc36567352][bookmark: _Toc36810810][bookmark: _Toc36847174][bookmark: _Toc36939827][bookmark: _Toc37082807][bookmark: _Toc46481449][bookmark: _Toc46482683][bookmark: _Toc46483917]6.7.3.6	NB-IoT Other information elements
[bookmark: _Toc20487642][bookmark: _Toc29342949][bookmark: _Toc29344088][bookmark: _Toc36567354][bookmark: _Toc36810812][bookmark: _Toc36847176][bookmark: _Toc36939829][bookmark: _Toc37082809][bookmark: _Toc46481451][bookmark: _Toc46482685][bookmark: _Toc46483919]<Omitted>
–	UE-Capability-NB
The IE UE-Capability-NB is used to convey the NB-IoT UE Radio Access Capability Parameters, see TS 36.306 [5]. The IE UE-Capability-NB is transferred in NB-IoT only.
UE-Capability-NB information element
-- ASN1START

UE-Capability-NB-r13 ::=		SEQUENCE {
	accessStratumRelease-r13		AccessStratumRelease-NB-r13,
	ue-Category-NB-r13				ENUMERATED {nb1}					OPTIONAL,
	multipleDRB-r13					ENUMERATED {supported}				OPTIONAL,
	pdcp-Parameters-r13				PDCP-Parameters-NB-r13				OPTIONAL,
	phyLayerParameters-r13			PhyLayerParameters-NB-r13,
	rf-Parameters-r13				RF-Parameters-NB-r13,
	dummy							SEQUENCE {}							OPTIONAL
}

<Omitted>

UE-Capability-NB-v1610-IEs ::=		SEQUENCE {
	earlySecurityReactivation-r16		ENUMERATED {supported}			OPTIONAL,
	earlyData-UP-5GC-r16				ENUMERATED {supported}			OPTIONAL,
	pur-Parameters-r16					PUR-Parameters-NB-r16			OPTIONAL,
	mac-Parameters-v1610				MAC-Parameters-NB-v1610,
	phyLayerParameters-v1610			PhyLayerParameters-NB-v1610		OPTIONAL,
	son-Parameters-r16					SON-Parameters-NB-r16		OPTIONAL,
	meas-Parameters-r16					Meas-Parameters-NB-r16,
	tdd-UE-Capability-v1610				TDD-UE-Capability-NB-v1610		OPTIONAL,
	nonCriticalExtension				UE-Capability-NB-v17xy-IEs		OPTIONAL
}

UE-Capability-NB-v17xy-IEs ::=		SEQUENCE {
	phyLayerParameters-v17xy			PhyLayerParameters-NB-v17xy		OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}
<Omitted>

PhyLayerParameters-NB-v1610	::=		SEQUENCE {
	npdsch-MultiTB-r16					ENUMERATED {supported}			OPTIONAL,
	npdsch-MultiTB-Interleaving-r16		ENUMERATED {supported}			OPTIONAL,
	npusch-MultiTB-r16					ENUMERATED {supported}			OPTIONAL,
	npusch-MultiTB-Interleaving-r16		ENUMERATED {supported}			OPTIONAL,
	multiTB-HARQ-AckBundling-r16		ENUMERATED {supported}			OPTIONAL,
	slotSymbolResourceResvDL-r16			ENUMERATED {supported}			OPTIONAL,
	slotSymbolResourceResvUL-r16			ENUMERATED {supported}			OPTIONAL,
	subframeResourceResvDL-r16				ENUMERATED {supported}			OPTIONAL,
	subframeResourceResvUL-r16			ENUMERATED {supported}			OPTIONAL
}

PhyLayerParameters-NB-v17xy	::=		SEQUENCE {
	npdsch-16QAM-r17						ENUMERATED {supported}			OPTIONAL,
	npusch-16QAM-r17						ENUMERATED {supported}			OPTIONAL
}


<Omitted>

-- ASN1STOP


	UE-Capability-NB field descriptions
	FDD/TDD appl
	FDD/TDD diff

	accessStratumRelease
Set to rel16 in this version of the specification.
	FDD/TDD
	No


 <Omitted>
	npusch-MultiTB-Interleaving
Indicates whether the UE supports interleaved transmission when multiple TBs is scheduled in RRC_CONNECTED for UL.
	FDD
	-

	npdsch-16QAM
Indicates whether the UE supports 16QAM in DL.
	FDD/TDD
	-

	npusch-16QAM
Indicates whether the UE supports 16QAM in UL.
	FDD/TDD
	-

	powerClassNB-14dBm
Defines whether the UE supports power class 14dBm in all the bands supported by the UE as specified in TS 36.101 [42].
If powerClassNB-20dBm is included, the UE shall not include the field powerClassNB-14dBm.
	FDD/TDD
	No


 <Omitted>
Annex A.2	TP of UE Capability for TS 36.306
[bookmark: _Toc29241058][bookmark: _Toc37152527][bookmark: _Toc37236444][bookmark: _Toc46493534][bookmark: _Toc52534428]4.3.4	Physical layer parameters
<Omitted>
[bookmark: _Toc29241196][bookmark: _Toc37152665][bookmark: _Toc37236582][bookmark: _Toc46493672][bookmark: _Toc52534566]4.3.4.xx	npdsch-16QAM-r17
This field indicates whether the UE supports 16QAM for unicast NPDSCH in RRC_CONNECTED. This feature is only applicable if the UE supports category NB2.
4.3.4.xy	npusch-16QAM-r17
This field indicates whether the UE supports 16QAM for unicast NPUSCH in RRC_CONNECTED. This feature is only applicable if the UE supports category NB2.

Annex A.3	TP of eNB Configuration for TS 36.331
[bookmark: _Toc20487606][bookmark: _Toc29342907][bookmark: _Toc29344046][bookmark: _Toc36567312][bookmark: _Toc36810764][bookmark: _Toc36847128][bookmark: _Toc36939781][bookmark: _Toc37082761][bookmark: _Toc46481402][bookmark: _Toc46482636][bookmark: _Toc46483870]6.7.3.2	NB-IoT Radio resource control information elements
<Omitted>
[bookmark: _Toc20487615][bookmark: _Toc29342917][bookmark: _Toc29344056][bookmark: _Toc36567322][bookmark: _Toc36810776][bookmark: _Toc36847140][bookmark: _Toc36939793][bookmark: _Toc37082773][bookmark: _Toc46481413][bookmark: _Toc46482647][bookmark: _Toc46483881]–	NPDSCH-Config-NB
The IE NPDSCH-ConfigCommon-NB is used to specify the common NPDSCH configuration. The IE NPDSCH-ConfigDedicated-NB is used to specify the UE specific NPDSCH configuration.
NPDSCH-Config-NB information element
-- ASN1START


NPDSCH-ConfigCommon-NB-r13 ::=	SEQUENCE {
	nrs-Power-r13					INTEGER (-60..50)
}

NPDSCH-ConfigDedicated-NB-r16 ::=	SEQUENCE {
	npdsch-MultiTB-Config-r16			NPDSCH-MultiTB-Config-NB-r16	 OPTIONAL	-- Cond twoHARQ
}

NPDSCH-ConfigDedicated-NB-r17 ::=	SEQUENCE {
	npdsch-16QAM-Config-r17			ENUMERATED {true}	 OPTIONAL	-- Need OR
}


NPDSCH-MultiTB-Config-NB-r16 ::=	SEQUENCE {
	multiTB-Config-r16					ENUMERATED {interleaved, nonInterleaved},
	harq-AckBundling-r16				ENUMERATED {true}		OPTIONAL	-- Cond interleaved
}

-- ASN1STOP

	NPDSCH-Config-NB field descriptions

	multiTB-Config
For FDD: Activation of multiple TBs scheduling in DL, see TS 36.213 [23]. Value interleaved indicates that multiple TBs scheduling with interleaved transmission is enabled, value nonInterleaved indicates that multiple TBs scheduling without interleaved transmission is enabled.

	harq-AckBundling
For FDD: Activation of HARQ ACK bundling for DL multiple TBs scheduling with interleaved transmission, see TS 36.213 [23].

	npdsch-16QAM-Config
Activation of 16 QAM for unicast NPDSCH.

	nrs-Power
Provides the downlink narrowband reference-signal EPRE, see TS 36.213 [23], clause 16.2. The actual value in dBm.



	Conditional presence
	Explanation

	interleaved
	The field is optionally present, Need OR, if multiTB-Config is set to interleaved; otherwise the field is not present and the UE shall delete any existing value for this field.

	twoHARQ
	The field is optionally present, Need OR, if twoHARQ-ProcessesConfig is configured; otherwise the field is not present and the UE shall delete any existing value for this field.


<Omitted>
[bookmark: _Toc20487617][bookmark: _Toc29342919][bookmark: _Toc29344058][bookmark: _Toc36567324][bookmark: _Toc36810778][bookmark: _Toc36847142][bookmark: _Toc36939795][bookmark: _Toc37082775][bookmark: _Toc46481415][bookmark: _Toc46482649][bookmark: _Toc46483883]–	NPUSCH-Config-NB
The IE NPUSCH-ConfigCommon-NB is used to specify the common NPUSCH configuration. The IE NPUSCH-ConfigDedicated-NB is used to specify the UE specific NPUSCH configuration.
NPUSCH-Config-NB information element
-- ASN1START

NPUSCH-ConfigCommon-NB-r13 ::=		SEQUENCE {
	ack-NACK-NumRepetitions-Msg4-r13	SEQUENCE (SIZE(1.. maxNPRACH-Resources-NB-r13)) OF
														ACK-NACK-NumRepetitions-NB-r13,
	srs-SubframeConfig-r13				ENUMERATED {
											sc0, sc1, sc2, sc3, sc4, sc5, sc6, sc7,
											sc8, sc9, sc10, sc11, sc12, sc13, sc14, sc15
											}							OPTIONAL,	-- Need OR
	dmrs-Config-r13						SEQUENCE {
		threeTone-BaseSequence-r13			INTEGER (0..12)			OPTIONAL,	-- Need OP
		threeTone-CyclicShift-r13			INTEGER (0..2),
		sixTone-BaseSequence-r13			INTEGER (0..14)			OPTIONAL,	-- Need OP
		sixTone-CyclicShift-r13				INTEGER (0..3),
		twelveTone-BaseSequence-r13			INTEGER (0..30)			OPTIONAL	-- Need OP
	}		OPTIONAL,	-- Need OR
	ul-ReferenceSignalsNPUSCH-r13		UL-ReferenceSignalsNPUSCH-NB-r13
}

UL-ReferenceSignalsNPUSCH-NB-r13 ::=	SEQUENCE {
	groupHoppingEnabled-r13					BOOLEAN,
	groupAssignmentNPUSCH-r13				INTEGER (0..29)
}

NPUSCH-ConfigDedicated-NB-r13 ::=	SEQUENCE {
	ack-NACK-NumRepetitions-r13			ACK-NACK-NumRepetitions-NB-r13	OPTIONAL,	-- Need ON
	npusch-AllSymbols-r13				BOOLEAN							OPTIONAL,	-- Cond SRS
	groupHoppingDisabled-r13			ENUMERATED {true}				OPTIONAL	-- Need OR
}

NPUSCH-ConfigDedicated-NB-v1610 ::=	SEQUENCE {
	npusch-MultiTB-Config-r16			ENUMERATED {interleaved, nonInterleaved}
}

NPUSCH-ConfigDedicated-NB-r17 ::=	SEQUENCE {
	npusch-16QAM-Config-r17				ENUMERATED {true}				OPTIONAL	-- Need OR
}


ACK-NACK-NumRepetitions-NB-r13	::=	ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128}


-- ASN1STOP

	NPUSCH-Config-NB field descriptions

	ack-NACK-NumRepetitions
Number of repetitions for the ACK NACK resource unit carrying HARQ response to NPDSCH, see TS 36.213 [23], clause 16.4.2. If this field is absent and no value was configured via dedicated signalling, the value used for reception of Msg4 is used.

	ack-NACK-NumRepetitions-Msg4
Number of repetitions for ACK/NACK HARQ response to NPDSCH containing Msg4 per NPRACH resource, see TS 36.213 [23], clause 16.4.2.

	groupAssignmentNPUSCH
See TS 36.211 [21], clause 10.1.4.1.3.

	groupHoppingDisabled
See TS 36.211 [21], clause 10.1.4.1.3.

	groupHoppingEnabled
See TS 36.211 [21], clause 10.1.4.1.3.

	npusch-AllSymbols
If set to TRUE, the UE shall use all NB-IoT symbols for NPUSCH transmission. If set to FALSE, the UE punctures the NPUSCH transmissions in the symbols that collides with SRS. If the field is not present, the UE uses all NB-IoT symbols for NPUSCH transmission. See TS 36.211 [21], clause 10.1.3.6.

	npusch-16QAM-Config
Activation of 16 QAM for unicast NPUSCH.

	npusch-MultiTB-Config
For FDD: Activation of multiple TBs scheduling in UL, see TS 36.213 [23]. Value interleaved indicates that multiple TBs scheduling with interleaved transmission is enabled, value nonInterleaved indicates that multiple TBs scheduling without interleaved transmission is enabled.

	sixTone-BaseSequence
The base sequence of DMRS sequence in a cell for 6 tones transmission; see TS 36.211 [21], clause 10.1.4.1.2. If absent, it is given by NB-IoT CellID mod 14. Value 14 is not used.

	sixTone-CyclicShift
Define 4 cyclic shifts for the 6-tone case, see TS 36.211 [21], clause 10.1.4.1.2.

	srs-SubframeConfig
SRS SubframeConfiguration. See TS 36.211 [21], table 5.5.3.3-1. Value sc0 corresponds to value 0, sc1 to value 1 and so on.

	threeTone-BaseSequence
The base sequence of DMRS sequence in a cell for 3 tones transmission; see TS 36.211 [21], clause 10.1.4.1.2. If absent, it is given by NB-IoT CellID mod 12. Value 12 is not used.

	threeTone-CyclicShift
Define 3 cyclic shifts for the 3-tone case, see TS 36.211 [21], clause 10.1.4.1.2.

	twelveTone-BaseSequence
The base sequence of DMRS sequence in a cell for 12 tones transmission; see TS 36.211 [21], clause 10.1.4.1.2. If absent, it is given by NB-IoT CellID mod 30. Value 30 is not used.

	ul-ReferenceSignalsNPUSCH
Used to specify parameters needed for the transmission on NPUSCH.



	Conditional presence
	Explanation

	SRS
	This field is optionally present, need OP, if srs-SubframeConfig is broadcasted.
Otherwise, the IE is not present.


<Omitted>
[bookmark: _Toc20487619][bookmark: _Toc29342921][bookmark: _Toc29344060][bookmark: _Toc36567326][bookmark: _Toc36810781][bookmark: _Toc36847145][bookmark: _Toc36939798][bookmark: _Toc37082778][bookmark: _Toc46481417][bookmark: _Toc46482651][bookmark: _Toc46483885]–	PhysicalConfigDedicated-NB
The IE PhysicalConfigDedicated-NB is used to specify the UE specific physical channel configuration.
PhysicalConfigDedicated-NB information element
-- ASN1START

PhysicalConfigDedicated-NB-r13 ::=	SEQUENCE {
	carrierConfigDedicated-r13			CarrierConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npdcch-ConfigDedicated-r13			NPDCCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npusch-ConfigDedicated-r13			NPUSCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	uplinkPowerControlDedicated-r13		UplinkPowerControlDedicated-NB-r13	OPTIONAL,	-- Need ON
	...,
	[[	twoHARQ-ProcessesConfig-r14		ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	interferenceRandomisationConfig-r14	ENUMERATED {true}	OPTIONAL	-- Need OR
	]],
	[[	npdcch-ConfigDedicated-v1530	NPDCCH-ConfigDedicated-NB-v1530		OPTIONAL	-- Cond TDD
	]],
	[[	additionalTxSIB1-Config-v1540	ENUMERATED {true}	OPTIONAL	-- Cond additionalSIB1
	]],
	[[	npusch-ConfigDedicated-v1610		NPUSCH-ConfigDedicated-NB-v1610
																	OPTIONAL,	-- Cond twoHARQ
		npdsch-ConfigDedicated-r16			NPDSCH-ConfigDedicated-NB-r16
																	OPTIONAL,
		resourceReservationConfigDL-r16		SetupRelease {ResourceReservationConfig-NB-r16}
																		OPTIONAL,	-- Cond dl-NonAnchor
		resourceReservationConfigUL-r16		SetupRelease {ResourceReservationConfig-NB-r16}
																	OPTIONAL	-- Cond ul-NonAnchor
	]],
	[[	npdsch-ConfigDedicated-r17		NPDSCH-ConfigDedicated-NB-r17		OPTIONAL,	-- Need ON
		npusch-ConfigDedicated-r17		NPUSCH-ConfigDedicated-NB-r17		OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

<Omitted>


	4/4	
