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Introduction
The Rel-16 work item on MTC additional enhancements for LTE includes the objective of specifying performance improvements for LTE-MTC coexistence with NR [1].
	[bookmark: _Hlk516692042]Coexistence with NR
· Specify the following performance improvements for LTE-MTC coexistence with NR [RAN1, RAN2, RAN4]
· LTE-MTC resource reservation in the DL frequency domain and the DL/UL time domain with slot-level and symbol-level granularity to avoid resource overlap between NR and LTE-MTC when LTE-MTC is deployed within an NR carrier
· LTE-MTC subcarrier puncturing for 1 or 2 LTE-MTC DL subcarriers (excluding CRS) to reduce the number of NR resource blocks that need to be reserved for LTE-MTC when LTE-MTC is deployed within an NR carrier



RAN1 has discussed resource reservation and subcarrier puncturing in unicast for UL/DL FDD/TDD and made corresponding agreements [2].
RAN1 has specified resource reservation for NR in TS 36.211, TS 36.212 and TS 36.213 [4] and sent to RAN2 the list of parameters to be configured by upper layers [3].
RAN1 has discussed optionality, dependency and FDD/TDD differentiation for resource reservation in UL and DL and subcarrier puncturing but has not yet concluded.

In this document we discuss the impact on RAN2 specifications to introduce resource reservation and subcarrier puncturing for coexistence with NR.
Discussion
Resource reservation 
RAN1 has agreed that resource reservation for UL and DL was only applicable for unicast and that the configuration was cell specific. 
Although signalling in system information is an option, we think it is not signalling efficient because system information are continuously transmitted, at high power and with a high number of repetitions to reach all UEs. As a result, it impacts the power consumption and the system information acquisition delay for all UEs. As the configuration is only needed by Rel-16 capable UEs in connected mode, it is preferred to provide the configuration via RRC dedicated signalling
Proposal 1: Resource reservation for NR coexistence is provided via RRC dedicated signalling.

The resource reservation specifies the subframes / slots / symbols that can be used for unicast transmission, thus it should be part of the physical channel configuration.
Proposal 2: The resource reservation configuration is provided in PhysicalConfigDedicated.

For FDD, RAN1 has agreed resource reservation for UL and DL, defined separate but identical sets of parameters for DL and UL resource reservation and did not specify any dependency meaning the configurations are independent.
Proposal 3: For FDD, signal separate and independent UL and DL resource reservation parameters with the same type definition.  

For TDD, UL and DL share the same configuration, same as valid DL/UL subframe configuration in Rel-15.
Proposal 4: For TDD, signal one single resource reservation parameter for UL and DL. The resource reservation configuration parameters is the same as in FDD.

Proposal 5: Take the ASN.1 structure below as baseline for resource reservation configuration in FDD and TDD.
-- ASN1START

PhysicalConfigDedicated ::=		SEQUENCE {
	pdsch-ConfigDedicated				PDSCH-ConfigDedicated			OPTIONAL,		-- Need ON
	pucch-ConfigDedicated				PUCCH-ConfigDedicated			OPTIONAL,		-- Need ON
	pusch-ConfigDedicated				PUSCH-ConfigDedicated			OPTIONAL,		-- Need ON
	uplinkPowerControlDedicated			UplinkPowerControlDedicated		OPTIONAL,		-- Need ON
	tpc-PDCCH-ConfigPUCCH				TPC-PDCCH-Config				OPTIONAL,		-- Need ON
	tpc-PDCCH-ConfigPUSCH				TPC-PDCCH-Config				OPTIONAL,		-- Need ON
	cqi-ReportConfig					CQI-ReportConfig				OPTIONAL,		-- Cond CQI-r8
	soundingRS-UL-ConfigDedicated		SoundingRS-UL-ConfigDedicated	OPTIONAL,		-- Need ON
	antennaInfo							CHOICE {
		explicitValue						AntennaInfoDedicated,
		defaultValue						NULL
	}																	OPTIONAL,	-- Cond AI-r8
	schedulingRequestConfig				SchedulingRequestConfig			OPTIONAL,		-- Need ON
	...,
--
-- Skip legacy patameters
--
	[[	pdsch-ConfigDedicated-v16xy		PDSCH-ConfigDedicated-v16xy		OPTIONAL,	-- Need ON
		pusch-ConfigDedicated-v16xy		PUSCH-ConfigDedicated-v16xy		OPTIONAL,		-- Need ON
		ce-NR-ResourceResvConfigFddDlOrTdd-r16	NR-ResourceReservationConfig-r16 OPTIONAL,	-- Need ON 
		ce-NR-ResourceResvConfigFddUl-r16	NR-ResourceReservationConfig-r16 OPTIONAL	-- Cond FDD	]]
}

--
-- Skip legacy patameters
--

-- ASN1STOP


The table below is the list of parameters defined by RAN1 for the DL resource reservation [3].
	Parameter name in the spec
	Description
	Value range

	ce-reserved-resource-DL-freq
	Configuration of downlink frequency-domain resource reservation for CE mode A/B. The parameter is a bitmap where every bit corresponds to a  resource block group (RBG). The size of each RBG depends on the downlink system bandwidth (1 PRB or 1.4 MHz, 2 PRBs for 3 and 5 MHz, 3 PRBs for 10 MHz, 4 PRBs for 15 and 20 MHz).
	Bitmap of size 6-25 bits depending on the system bandwidth (see Description)

	ce-reserved-resource-DL-time
	Configuration of slot- and symbol-level downlink time-domain resource reservation for unicast transmission of symbols of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI in CE mode A/B. The parameter is a bitmap where every 2 bits corresponds to a subframe:
• 00: both slots can be used 
• 01: 2nd slot reserved (if ce-reserved-resource-DL-time-symbol-bitmap1 is configured, it is with symbol-level granularity)
• 10: 1st slot reserved (if ce-reserved-resource-DL-time-symbol-bitmap2 is configured, it is with symbol-level granularity)
• 11: both slots are reserved
	Bitmap of size 20 or 80 bits

	ce-reserved-resource-DL-time-symbol-bitmap1
	Configuration of symbol-level downlink time-domain resource reservation for unicast transmission. If this parameter is not provided then value 01 in the bitmap ce-reserved-resource-DL-time corresponds to the whole 2nd slot being reserved. 
	Bitmap of size 7 bits

	ce-reserved-resource-DL-time-symbol-bitmap2
	Configuration of symbol-level downlink time-domain resource reservation for unicast transmission. If this parameter is not provided then value 10 in the bitmap ce-reserved-resource-DL-time corresponds to the whole 1st slot being reserved. 
	Bitmap of size 7 bits

	ce-reserved-resource-DL-time-periodicity
	Configuration of periodicity in milliseconds for downlink time-domain resource reservation for unicast transmission.
	10, 20, 40, 80, 160

	ce-reserved-resource-DL-time-start-position
	Configuration of start position in milliseconds for downlink time-domain resource reservation for unicast transmission.
	For 10ms periodicity, {0}.
For 20ms periodicity, {0, 10}.
For 40ms periodicity, {0, 10, 20, 30}.
For 80ms periodicity, {0, 10, 20, 30, 40, 50, 60, 70}.
For 160ms periodicity, {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150}.



The resource reservation configuration includes:
· a periodicity (ce-reserved-resource-DL-time-periodicity)
· a start position (ce-reserved-resource-DL-time-start-position)
· one bitmap for frequency domain resource reservation (ce-reserved-resource-DL-freq)
· one or multiple bitmap(s) for time domain reservation
· a slot level bitmap (slot-reserved-resource-DL-time). The parameter is a bitmap where every 2 bits corresponds to a subframe.
· optional, a symbol level bitmap for the 1st slot (ce-reserved-resource-config-DL-time-symbol-bitmap1). If this parameter is not provided then value 01 in the bitmap ce-reserved-resource-DL-time corresponds to the whole 2nd slot being reserved.
· optional, a symbol level bitmap for the 2nd slot (ce-reserved-resource-config-DL-time-symbol-bitmap2). If this parameter is not provided then value 10 in the bitmap ce-reserved-resource-DL-time corresponds to the whole 1st slot being reserved.

The resource reservation is illustrated in the figure below for slot/symbol level reservation:
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Figure 1: Resource reservation configuration

Proposal 6: Take the ASN.1 structure below as a baseline for UL or DL resource reservation IE:
-- ASN1START

NR-ResourceReservationConfig-r16::=	SEQUENCE {
	periodicity-r16				ENUMERATED {ms10, ms20, ms40, ms80, ms160},
	startPosition-r16			INTEGER (0..15),
	resourceReservationFreq-r16	CHOICE {
			rbg_bw1dot4MHz			BIT STRING (SIZE (6)),
			rbg_bw3MHz				BIT STRING (SIZE (8)),
			rbg_bw5MHz				BIT STRING (SIZE (13)),
			rbg_bw10MHz				BIT STRING (SIZE (17)),
			rbg_bw15MHz				BIT STRING (SIZE (19)),
			rbg_bw20MHz				BIT STRING (SIZE (25))
	}	OPTIONAL,	-- Cond DL 
	slotConfig-r16				SEQUENCE {
		slotBitmap-r16				CHOICE {
			slotPattern10ms-r16			BIT STRING (SIZE (20)),
			slotPattern40ms-r16			BIT STRING (SIZE (80))
		},
		symbolBitmap1-r16		BIT STRING (SIZE (7))	OPTIONAL,
		symbolBitmap2-r16		BIT STRING (SIZE (7))	OPTIONAL
	}
}
-- ASN1STOP

Subcarrier puncturing
RAN1 has agreed subcarrier puncturing for a maximum of two LTE-MTC DL subcarriers (excluding CRS) to reduce the number of NR resource blocks that need to be reserved for LTE-MTC when LTE-MTC is deployed within an NR carrier. 
RAN1 has agreed that subcarrier puncturing applies to unicast and the configuration is cell specific and thus the configuration can be provided in system information. For the same reasons as for resource reservation in section 2.1, it is preferred to provide the configuration via RRC dedicated signalling.
Proposal 7: Subcarrier puncturing configuration for NR coexistence is provided via RRC dedicated signalling in PhysicalConfigDedicated.

The table below is the list of parameters defined by RAN1 for subcarrier puncturing [3].
	Parameter name in the spec
	Description
	Value range

	ce-punctured-subcarriers-DL
	Configuration of number of punctured downlink subcarriers and their locations for unicast transmissions of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI in CE mode A/B
	00: The number of punctured subcarriers on the right edge above DC is 2 and the number of punctured subcarriers on the right edge below DC is 1.
01: The number of punctured subcarriers on the right edge above DC is 1 and the number of punctured subcarriers on the right edge below DC is 0.
10: The number of punctured subcarriers on the left edge above DC is 0 and the number of punctured subcarriers on the left edge below DC is 1.
11: The number of punctured subcarriers on the left edge above DC is 1 and the number of punctured subcarriers on the left edge below DC is 2.



Subcarrier puncturing is applied at the right or left edge of each narrowband. The configuration of 1 of the 4 alternatives for the (maximum) number of punctured subcarriers (1 or 2) and their locations (on the right edge or the left edge of the narrowbands, above or below DC) is illustrated below.
[image: ]
Figure 2: Subcarrier puncturing configuration

Proposal 8: Take the ASN.1 structure below as baseline for subcarrier puncturing configuration in FDD and TDD.
-- ASN1START

PhysicalConfigDedicated ::=		SEQUENCE {
	pdsch-ConfigDedicated				PDSCH-ConfigDedicated			OPTIONAL,		-- Need ON
	pucch-ConfigDedicated				PUCCH-ConfigDedicated			OPTIONAL,		-- Need ON
	pusch-ConfigDedicated				PUSCH-ConfigDedicated			OPTIONAL,		-- Need ON
	uplinkPowerControlDedicated			UplinkPowerControlDedicated		OPTIONAL,		-- Need ON
	tpc-PDCCH-ConfigPUCCH				TPC-PDCCH-Config				OPTIONAL,		-- Need ON
	tpc-PDCCH-ConfigPUSCH				TPC-PDCCH-Config				OPTIONAL,		-- Need ON
	cqi-ReportConfig					CQI-ReportConfig				OPTIONAL,		-- Cond CQI-r8
	soundingRS-UL-ConfigDedicated		SoundingRS-UL-ConfigDedicated	OPTIONAL,		-- Need ON
	antennaInfo							CHOICE {
		explicitValue						AntennaInfoDedicated,
		defaultValue						NULL
	}																	OPTIONAL,	-- Cond AI-r8
	schedulingRequestConfig				SchedulingRequestConfig			OPTIONAL,		-- Need ON
	...,
--
-- Skip legacy patameters
--
	[[	pdsch-ConfigDedicated-v16xy		PDSCH-ConfigDedicated-v16xy		OPTIONAL,	-- Need ON
		pusch-ConfigDedicated-v16xy		PUSCH-ConfigDedicated-v16xy		OPTIONAL,		-- Need ON
		ce-NR-ResourceResvConfigFddDlOrTdd-r16	NR-ResourceReservationConfig-r16 OPTIONAL,	-- Need ON 
		ce-NR-ResourceResvConfigFddUl-r16	NR-ResourceReservationConfig-r16 OPTIONAL,	-- Cond FDD
		ce-NR-PuncturedSubcarrierDL-r16		NR-PuncturedSubcarrierDL-r16	OPTIONAL	]]
--
-- Skip legacy patameters
--

NR-PuncturedSubcarrierDL-r16	::== 	ENUMERATED {alt0, alt1, alt2, alt3} 

-- ASN1STOP

Capability signalling
RAN1 has started the discussion on optionality, dependency and TDD/FDD differentiation but has not concluded yet. 
RAN1 has agreed on separate indications for resource reservation in UL/DL and for CE MODE A/ CE MODE B, as well as FDD/TDD differentiation.
RAN1 has agreed on separate indications for subcarrier puncturing in CE MODE A/ CE MODE B, as well as FDD/TDD differentiation.

Proposal 9 Introduce four capabilities for TDD and FDD ce-ModeA-NR-ResourceResvUL-r16, ce-ModeA-NR-ResourceResvDL-r16, ce-ModeB-NR-ResourceResvUL-r16 and ce-ModeB-NR-ResourceResvDL-r16.
Proposal 10: Introduce two capabilities for TDD and FDD ce-ModeA-NR-SubcarrierPuncturing-r16, and ce-ModeB-NR-SubcarrierPuncturing-r16.

[bookmark: _Hlk515446008]UE-EUTRA-Capability-v16xy-IEs ::= SEQUENCE {
	mac-Parameters-v16xy				MAC-Parameters-v16xy				OPTIONAL,
	phyLayerParameters-v16xy			PhyLayerParameters-v16xy			OPTIONAL,
	rf-Parameters-v16xy				RF-Parameters-v16xy 				OPTIONAL,
	otherParameters-v16xy			Other-Parameters-v16xy				OPTIONAL,
	fdd-Add-UE-EUTRA-Capabilities-v16xy	UE-EUTRA-CapabilityAddXDD-Mode-v16xy,
	tdd-Add-UE-EUTRA-Capabilities-v16xy	UE-EUTRA-CapabilityAddXDD-Mode-v16xy,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

UE-EUTRA-CapabilityAddXDD-Mode-v16xy ::=	SEQUENCE {
	phyLayerParameters-v16xy					PhyLayerParameters-v16xy			OPTIONAL,
	...
}


PhyLayerParameters-v16xy ::=			SEQUENCE {
	ce-Capabilities-v16xy SEQUENCE {
		dl-ChannelQualityReporting-r16	ENUMERATED {supported}			OPTIONAL,
		ce-ModeA-PDSCH-MultiTB-r16	ENUMERATED {supported}			OPTIONAL,
		ce-ModeB-PDSCH-MultiTB-r16	ENUMERATED {supported}			OPTIONAL,
		ce-ModeA-PUSCH-MultiTB-r16	ENUMERATED {supported}			OPTIONAL,
		ce-ModeB-PUSCH-MultiTB-r16	ENUMERATED {supported}			OPTIONAL,
		ce-CRS-ChannelEstMPDCCH-r16		ENUMERATED {supported}			OPTIONAL,
		ce-RxInLTE-ControlRegion-r16	ENUMERATED {supported}			OPTIONAL,
		ce-ModeA-ETWS-CMAS-RxInConn-r16		ENUMERATED {supported}			OPTIONAL,
		ce-ModeB-ETWS-CMAS-RxInConn-r16		ENUMERATED {supported}			OPTIONAL,
			ce-ModeA-NR-ResourceResvUL-r16		ENUMERATED {supported}			OPTIONAL,
			ce-ModeA-NR-ResourceResvDL-r16		ENUMERATED {supported}			OPTIONAL,
			ce-ModeB-NR-ResourceResvUL-r16		ENUMERATED {supported}			OPTIONAL,
			ce-ModeB-NR-ResourceResvDL-r16		ENUMERATED {supported}			OPTIONAL,
		ce-ModeA-NR-SubcarrierPuncturing-r16	ENUMERATED {supported}		OPTIONAL,
		ce-ModeB-NR-SubcarrierPuncturing-r16	ENUMERATED {supported}		OPTIONAL
	}	OPTIONAL
}


Proposal 11: Wait for RAN1 conclusion and capture in TS 36.306 whether they are capabilities or IOT bits. 

Conclusion
In this document, we have discussed the introduction of resource reservation and subcarrier puncturing for coexistence with NR and made the following proposals:
Proposal 1: Resource reservation for NR coexistence is provided via RRC dedicated signalling.
Proposal 2: The resource reservation configuration is provided in PhysicalConfigDedicated.
Proposal 3: For FDD, signal separate and independent UL and DL resource reservation parameters with the same type definition.  
Proposal 4: For TDD, signal one single resource reservation parameter for UL and DL. The resource reservation configuration parameters is the same as in FDD.
Proposal 5: Take the ASN.1 structure below as baseline for resource reservation configuration in FDD and TDD.
Proposal 6: Take the ASN.1 structure below as a baseline for UL or DL resource reservation IE:
Proposal 7: Subcarrier puncturing configuration for NR coexistence is provided via RRC dedicated signalling in PhysicalConfigDedicated.
Proposal 8: Take the ASN.1 structure below as baseline for subcarrier puncturing configuration in FDD and TDD.
Proposal 9 Introduce four capabilities for TDD and FDD ce-ModeA-NR-ResourceResvUL-r16, ce-ModeA-NR-ResourceResvDL-r16, ce-ModeB-NR-ResourceResvUL-r16 and ce-ModeB-NR-ResourceResvDL-r16.
Proposal 10: Introduce two capabilities for TDD and FDD ce-ModeA-NR-SubcarrierPuncturing-r16, and ce-ModeB-NR-SubcarrierPuncturing-r16.
Proposal 11: Wait for RAN1 conclusion and capture in TS 36.306 whether they are capabilities or IOT bits. 
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