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Introduction
[bookmark: OLE_LINK84]Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83 ,RAN#84, RAN#85 and RAN#86 [1]. One of the objectives in the WID is scheduling enhancement by scheduling multiple transport blocks (TBs) via one single DCI:
Scheduling enhancement:
· Specify scheduling multiple DL/UL transport blocks with single DCI for SC-PTM and unicast [RAN1, RAN2]
In the last RAN2#108 meeting, multiple TBs scheduling was discussed and the following agreement was made for multiple TBs configuration in SC-PTM for NB-IoT [2]:
	For NB-IoT; introduce a new IE, i.e., sc-mtch-InfoListMultiTB-v16xy in SCPTMConfiguration-NB message to signal scheduling information for SC-MTCH using multiple TBs transmission.




This document further discusses RAN1 parameters and signalling aspects for multiple TBs scheduling in unicast for NB-IoT.
Discussion
[bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK325][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK24][bookmark: OLE_LINK27]Unicast
In the endorsed RRC running CR, an empty IE MultiTB-Config-NB has been introduced for multiple TBs scheduling in unicast but no parameter has been captured:
[bookmark: _Toc12746174]–	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
	]],
	[[	multiTB-Config-r16		    	MultiTB-Config-NB-r16	OPTIONAL
	]]

}

-- ASN1STOP
–	MultiTB-Config-NB
The IE MultiTB-Config-NB is used to specify the multiple TBs scheduling configuration for unicast transmission.
MultiTB-Config-NB information element
-- ASN1START

MultiTB-Config-NB-r16 ::=			SEQUENCE {

	...	
}

-- ASN1STOP

	MultiTB-Config-NB field descriptions

	TBD
TBD



RAN1 parameters list has been agreed in [3]. Multiple TBs scheduling for unicast related parameters are listed below:
	Parameter
	Description
	Value range

	multi-TB-Unicast-config
	If enabled, one DCI can be used to schedule multiple TBs for unicast.
	enabled

	multi-TB-DL-Unicast-Interleaving-config
	If enabled, when multiple downlink TBs are scheduled by one DCI, the repetitions for one transport block are interleaved with other TBs.
Otherwise, the repetitions for one transport block are contiguously transmitted.
	enabled

	multi-TB-UL-Unicast-Interleaving-config
	If enabled, when multiple uplink TBs are scheduled by one DCI, the repetitions for one transport block are interleaved with other TBs.
Otherwise, the repetitions for one transport block are contiguously transmitted.
	enabled

	multi-TB-HARQ-ACK-Bundling
	If configured, when a single DCI schedules multiple transport blocks for DL unicast, HARQ-ACK bundling is used. Otherwise, each transport block has its own separately encoded HARQ-ACK feedback. HARQ-ACK bundling is only supported when interleaving is configured.
	enabled



In the RAN2#106 meeting, we have agreed that the support of multiple TBs scheduling for unicast in uplink and downlink is indicated by separate capability.
UE capability for multiple TB is indicated separately for uplink and downlink.

The capabilities have been captured in the RRC running CR:
PhyLayerParameters-NB-v16xy	::=		SEQUENCE {
	multiTB-UL-r16						ENUMERATED {supported}			OPTIONAL,
	multiTB-DL-r16						ENUMERATED {supported}			OPTIONAL
	}

Thus, we think the use of multiple TBs scheduling for unicast should also be enabled/disabled for uplink and downlink separately. 
Proposal 1: For unicast, multiple TBs scheduling is enabled separately for uplink and downlink.
The other three parameters need to be introduced in MultiTB-Config-NB IE.
-- ASN1START

MultiTB-Config-NB-r16 ::=			SEQUENCE {
	ul-MultiTB-Config-r16				ENUMERATED {interleaving, non-interleaving} 
														OPTIONAL, 	-- Need OR
	dl-MultiTB-Config-r16				ENUMERATED {interleaving, non-interleaving} 
														OPTIONAL, 	-- Need OR
	dl-HARQ-ACK-Bundling-r16			ENUMERATED {true}	OPTIONAL, 	-- Cond dl-interleaving
	...	
}


-- ASN1STOP

Proposal 2: ul-MultiTB-Config, dl-MultiTB-Config and dl-HARQ-ACK-Bundling are introduced in MultiTB-Config-NB.

SC-PTM
RAN2 has agreed to introduce a new configuration list for SC-PTM using multiple TBs scheduling:
SCPTMConfiguration-NB message
-- ASN1START

SCPTMConfiguration-NB-r14 ::=	SEQUENCE {
	sc-mtch-InfoList-r14			SC-MTCH-InfoList-NB-r14,
	scptm-NeighbourCellList-r14		SCPTM-NeighbourCellList-NB-r14		OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-NB-v16xySEQUENCE {}							OPTIONAL
}

SCPTMConfiguration-NB-v16xy ::=	SEQUENCE {
	sc-mtch-InfoListMultiTB-r16		SC-MTCH-InfoList-NB-r14,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	SCPTMConfiguration-NB field descriptions

	sc-mtch-InfoList
Provides the configuration of each SC-MTCH not using multiple TBs scheduling in the current cell.

	sc-mtch-InfoListMultiTB
Provides the configuration of each SC-MTCH using multiple TBs scheduling in the current cell.
The total number of signalled SC-MTCH configuration in sc-mtch-InfoList and sc-mtch-InfoListMultiTB cannot be more than maxSC-MTCH-NB-r14.

	scptm-NeighbourCellList
List of neighbour cells providing MBMS services via SC-MRB. When absent, the UE shall assume that MBMS services listed in the SCPTMConfiguration-NB message are not provided via SC-MRB in any neighbour cell.



Multiple TBs scheduling for SC-PTM related parameters agreed by RAN1 have been listed as follows [3]:
	Parameter
	Description
	Value range

	multi-TB-SC-MTCH-config
	If enabled, one DCI can be used to schedule multiple TBs for SC-MTCH.
	enabled

	multi-TB-SC-MTCH-scheduling-gap-config
	If enabled, when multiple downlink TBs are scheduled by one DCI, the repetitions for one transport block are interleaved with other TBs.
Otherwise, the repetitions for one transport block are contiguously transmitted.
	{0, 16, 32, 64, 128}



Since the SC-MTCH using multiple TBs scheduling can only be configured in the new list sc-mtch-InfoListMultiTB-r16, explicit indication for the use of multiple TBs scheduling is not needed
Proposal 3: Explicit enabling indication for multiple TBs scheduling in SC-PTM is not needed.
For configuration of each SC-MTCH, SC-MTCH-Info-NB-r14, the new gap configuration needs to introduce to indicate the scheduling gap for each SC-MTCH:
SC-MTCH-InfoList-NB information element
-- ASN1START

SC-MTCH-InfoList-NB-r14 ::=			SEQUENCE (SIZE (0.. maxSC-MTCH-NB-r14)) OF SC-MTCH-Info-NB-r14

SC-MTCH-Info-NB-r14 ::=				SEQUENCE	{
	sc-mtch-CarrierConfig-r14			CHOICE {
		dl-CarrierConfig-r14					DL-CarrierConfigCommon-NB-r14,
		dl-CarrierIndex-r14					INTEGER (0.. maxNonAnchorCarriers-NB-r14)
	},
	mbmsSessionInfo-r14					MBMSSessionInfo-r13,
	g-RNTI-r14							BIT STRING(SIZE(16)),
	sc-mtch-SchedulingInfo-r14			SC-MTCH-SchedulingInfo-NB-r14		OPTIONAL,	-- Need OP
	sc-mtch-NeighbourCell-r14			BIT STRING (SIZE(maxNeighCell-SCPTM-NB-r14))	OPTIONAL,	-- Need OP
	npdcch-NPDSCH-MaxTBS-SC-MTCH-r14		ENUMERATED {n680, n2536},
	npdcch-NumRepetitions-SC-MTCH-r14	ENUMERATED {r1, r2, r4, r8, r16,
													r32, r64, r128, r256,
													r512, r1024, r2048, spare4,
													spare3, spare2, spare1},
	npdcch-StartSF-SC-MTCH-r14			ENUMERATED {v1dot5, v2, v4, v8,
													v16, v32, v48, v64},
	npdcch-Offset-SC-MTCH-r14			ENUMERATED {zero, oneEighth, oneQuarter,
													threeEighth, oneHalf, fiveEighth,
													threeQuarter, sevenEighth},
	...,
	[[	multiTB-Gap-r16				ENUMERATED {sf16, sf32, sf64, sf128}	OPTIONAL	-- Cond MultiTB
	]]
}

SC-MTCH-SchedulingInfo-NB-r14 ::=		SEQUENCE	{
	onDurationTimerSCPTM-r14				ENUMERATED {
												pp1, pp2, pp3, pp4,
												pp8, pp16, pp32, spare},
	drx-InactivityTimerSCPTM-r14			ENUMERATED {
												pp0, pp1, pp2, pp3,
												pp4, pp8, pp16, pp32},
	schedulingPeriodStartOffsetSCPTM-r14	CHOICE {
		sf10									INTEGER(0..9),
		sf20									INTEGER(0..19),
		sf32									INTEGER(0..31),
		sf40									INTEGER(0..39),
		sf64									INTEGER(0..63),
		sf80									INTEGER(0..79),
		sf128									INTEGER(0..127),
		sf160									INTEGER(0..159),
		sf256									INTEGER(0..255),
		sf320									INTEGER(0..319),
		sf512									INTEGER(0..511),
		sf640									INTEGER(0..639),
		sf1024									INTEGER(0..1023),
		sf2048									INTEGER(0..2047),
		sf4096									INTEGER(0..4095),
		sf8192									INTEGER(0..8191)
	},
	...
}

-- ASN1STOP

Proposal 4: multiTB-Gap is introduced in SC-MTCH-Info-NB-r14 to indicate the scheduling gap for each SC-MTCH configured with multiple TBs scheduling.
Capability reporting
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK102][bookmark: OLE_LINK103]RAN1 has agreed that support of multiple TB scheduling is conditional to support of two HARQ processes and that each component below needs separate capabilities, see [4]:
· Interleaved transmission in DL is an additional capability
· Interleaved transmission in UL is an additional capability
· HARQ bundling is an additional capability only applicable for interleaved transmission in DL

Proposal 5: For NB-IoT, support of multiTB-UL-r16 and multiTB-DL-r16 is conditional on support of two HARQ processes.
Proposal 6: For NB-IoT, introduce separate capabilities multiTB-UL-Interleaving-r16, and multiTB-DL-Interleaving-r16 conditional to support of multiTB-UL-r16 and multiTB-DL-r16 respectively.
Proposal 7: For NB-IoT, introduce a new capability multiTB-HARQ-ACK-Bundling-r16, conditional to support of multiTB-DL-Interleaving-r16.

So far, RAN2 did not discuss capability for multiple TB scheduling in multicast. By analogy with Rel-14 SC-PTM, it is proposed that the feature is optional at the UE without capability reporting. 
Proposal 8: Support of multiple TBs scheduling in multicast is optional without capability reporting.

Conclusion
This paper focused on the signalling aspects for multiple TBs scheduling in NB-IoT. Corresponding proposals are listed as below:
Proposal 1: For unicast, multiple TBs scheduling is enabled separately for uplink and downlink.
Proposal 2: ul-MultiTB-Config, dl-MultiTB-Config and dl-HARQ-ACK-Bundling are introduced in MultiTB-Config-NB.
Proposal 3: Explicit enabling indication for multiple TBs scheduling in SC-PTM is not needed.
Proposal 4: multiTB-Gap is introduced in SC-MTCH-Info-NB-r14 to indicate the scheduling gap for each SC-MTCH configured with multiple TBs scheduling.
Proposal 5: For NB-IoT, support of multiTB-UL-r16 and multiTB-DL-r16 is conditional on support of two HARQ processes.
Proposal 6: For NB-IoT, introduce separate capabilities multiTB-UL-Interleaving-r16, and multiTB-DL-Interleaving-r16 conditional to support of multiTB-UL-r16 and multiTB-DL-r16 respectively.
Proposal 7: For NB-IoT, introduce a new capability multiTB-HARQ-ACK-Bundling-r16, conditional to support of multiTB-DL-Interleaving-r16.
Proposal 8: Support of multiple TBs scheduling in multicast is optional without capability reporting.
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