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Introduction
As stated in 3GPP TR 38.913, LTE and NR should be able to flexibly share the same block of spectrum:
[bookmark: _Toc478052537]10.4.1	Co-existence with LTE
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The New RAT should be able to support flexible allocation of resources (e.g. time, frequency) between the new RAT and LTE operating in the same block of spectrum (with possible bandwidths overlap). Resource allocation granularity in the time/frequency domain, as well as the potential guards between NR and LTE resources are to be determined by the study on the new RAT. The New RAT should be able to use these resources at least for downlink, uplink and sidelink. The solution should work whether LTE is supported by the same base station as the New RAT or the two RATs are supported by different base stations. The solution should not affect backward compatibility with legacy LTE terminals. These requirements are applicable for LTE Rel-8 and onwards, including NB-IoT.
In addition, RAN1 sent RAN3 an LS identifying required signalling to support DL/UL sharing on overlapping and adjacent spectrum [1]:
Agreements:

· For LTE-NR coexistence in overlapping spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· LTE cell on/off configuration with details up to RAN3
· LTE MBSFN subframe configuration
· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)
· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively
· For LTE-NR coexistence in adjacent spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· TDD UL/DL configuration in case of LTE and NR and special subframe configuration in case of LTE

This contribution addresses the Stage 2/3 open issues identified in the WF agreed during RAN3#98 to identify signalling options for the remaining parameters listed in the RAN1 LS [2].
Discussion 
During RAN3#98 the following agreements were reached:
Signalling for the DL sharing scenario (Scenario 1) can support both indication of time/frequency resources (e.g. FDM/TDM patterns). Detailed Stage 2/3 CRs on the signalling details are encouraged for the next meeting, e.g. whether/how to indicate LTE/NR RS configurations/patterns vs. time/frequency bitmap(s).

Signalling for the UL sharing scenario (Scenario 2) can support both indication of time/frequency resources (e.g. FDM/TDM patterns). Detailed Stage 2/3 CRs on the signalling details are encouraged for the next meeting.

WA: adopt PRB-level granularity for frequency resources (LTE)
WA: adopt subframe-level granularity for time resources (LTE)
FFS granularity (NR)

Continue discussion in the next meeting on the working assumption for the adjacent spectrum scenario (Scenario 3), especially on the need for indicating a DL/UL switching pattern.

A bi-directional non-UE-associated procedure is introduced, i.e. both eNB and gNB can initiate the coordination.

Cell-level granularity is the basis for signalling on X2/Xn.
 
Details of the working assumptions for indicating time/frequency resources for LTE are provided in [3]. However, this contribution focuses on additional remaining issues identified in [4] required before finalizing the Stage 3 design of the signaling for coexistence on shared spectrum. 
Open issue 1 – Indication of NR resources:
Generic resource set indications bitmaps with RB and OFDM symbol granularity as agreed for NR in RAN1 may also be applicable/beneficial for indication of semi-statically used resources (to avoid collisions with, e.g., SRS, PRACH, PUCCH, …). One reason for supporting different granularity for NR than LTE, especially in the time domain, is because NR supports sub-slot (e.g. symbol-level) allocations based on so-called ‘mini slots’. For example, the gNB could only allocate 2 or 4 symbols in a slot of 14 symbols, and if it can indicate the desired slot format (e.g. 00111100000000) the LTE eNB can then decide whether it wants to use the remaining symbols or just avoid the entire subframe altogether for its PDSCH allocations. 

In addition, in the RAN1 Higher Layer Parameters List for NR [5] the following parameters support rate matching for PDSCH (including explicitly rate matching around LTE CRS):

	Parameter name in text
	Description
	Value range
	UE specific/Cell specific
	Specification

	rate-match-PDSCH-resource-set
	Resources that the UE should rate match PDSCH around
	rate-match-PDSCH-bitmap3, rate-match-bitmap-PDSCH-1-2-pair
	UE specific
	38.331

	rate-match-resources-numb-LTE-CRS-antenna-port
	Number of antenna port to rate-match around
	1, 2, 4
	UE specific
	38.331

	rate-match-resources-LTE-CRS-v-shift
	Shifting value v-shift in LTE to rate match around LTE CRS
	0, 1, 2, 3, 4, 5
	UE specific
	38.331

	rate-match-PDSCH-bitmap1
	RB level bitmap
	bitmap(275 bits)
	UE specific
	38.331

	rate-match-PDSCH-bitmap2
	Symbol level bitmap
	bitmap(14 bits)
	UE specific
	38.331



Proposal 1: Support indication of NR resources to enable coexistence on co-channel spectrum:
· RB-level granularity for frequency allocation
· Symbol-level granularity for time allocation
· NR Rate Matching Resource Sets as defined by NR RRC IEs
Open issue 2 – Timing alignment between LTE and NR:
As mentioned in the RAN1 LS, it needs to be discussed how to support signaling related to timing synchronization and SFN. It is preferred to support explicit signaling of SFN values should be supported to be exchanged between eNB and gNB.

Proposal 2: Support explicit signaling of SFN values should be supported to be exchanged between eNB and gNB.

Open issue 2 – Support for sharing using MBSFN subframes:
As explicitly indicated by RAN1, the LTE MBSFN Subframe configuration should be exchanged to support DL sharing based on MBSFN subframes. This is needed in addition to the LTE resource bitmap since the MBSFN configuration indicates the format of the LTE subframes at a RE/symbol level unlike the generic PRB/subframe granularity supported for regular LTE subframes.

Proposal 3: LTE MBSFN Subframe configuration should be exchanged to support DL sharing based on MBSFN subframes.

Open issues 3 – Configuration of LTE signals/channels:
· DRS configuration (note: DRS is not scheduled in MBSFN subframes (FFS))

Can be based on MeasDS-Config in 36.331 which contains the duration, period, and offset of DRS signals:
MeasDS-Config-r12 ::=			CHOICE {
	release							NULL,
	setup							SEQUENCE {
		dmtc-PeriodOffset-r12			CHOICE {
			ms40-r12						INTEGER(0..39),
			ms80-r12						INTEGER(0..79),
			ms160-r12						INTEGER(0..159),
			...
		},
		ds-OccasionDuration-r12		CHOICE {
			durationFDD-r12 				INTEGER(1..maxDS-Duration-r12),
			durationTDD-r12 				INTEGER(2..maxDS-Duration-r12)
		},

· CSI-RS configuration (note: CSI-RS is not scheduled in MBSFN subframes (FFS))

Can be based on CSI-RS-Config in 36.331 which contains the used subframes and CSI-RS resources:
CSI-RS-Config-r10 ::=		SEQUENCE {
	csi-RS-r10					CHOICE {
		release						NULL,
		setup						SEQUENCE {
			antennaPortsCount-r10			ENUMERATED {an1, an2, an4, an8},
			resourceConfig-r10				INTEGER (0..31),
			subframeConfig-r10				INTEGER (0..154),
			p-C-r10							INTEGER (-8..15)
		}
	}																OPTIONAL,			-- Need ON
	zeroTxPowerCSI-RS-r10		ZeroTxPowerCSI-RS-Conf-r12			OPTIONAL			-- Need ON
}

· PBCH configuration (note: PBCH is not scheduled in MBSFN subframes)

Can be implicitly derived based on whether a LTE cell is indicated to be activated/ON in subfame 0.

· SRS configuration

Can be based on SoundingRS-UL-Config in 36.331 which indicates the used subframes and bandwidth:
SoundingRS-UL-ConfigCommon ::=		CHOICE {
	release								NULL,
	setup								SEQUENCE {
		srs-BandwidthConfig					ENUMERATED {bw0, bw1, bw2, bw3, bw4, bw5, bw6, bw7},
		srs-SubframeConfig					ENUMERATED {
												sc0, sc1, sc2, sc3, sc4, sc5, sc6, sc7,
												sc8, sc9, sc10, sc11, sc12, sc13, sc14, sc15},
		ackNackSRS-SimultaneousTransmission	BOOLEAN,
		srs-MaxUpPts						ENUMERATED {true}			OPTIONAL	-- Cond TDD
	}
}

· PUCCH configuration

Can be based on the IE PUCCH-ConfigCommon and IE PUCCH-ConfigDedicated which are used in 36.331 to specify the common and the UE specific PUCCH configuration respectively

Proposal 4: Support indication of LTE DRS, CSI-RS, SRS, and PUCCH configurations based on LTE RRC IEs.
Summary  
In this contribution we examined the coordination signalling required for LTE-NR coexistence on adjacent or co-channel spectrum. Based on the discussion of the open issues, the following proposals are made:
Proposal 1: Support indication of NR resources to support coexistence on co-channel spectrum:
· RB-level granularity for frequency allocation
· Symbol-level granularity for time allocation
· NR Rate Matching Resource Sets as defined by NR RRC IEs
Proposal 2: Support explicit signaling of SFN values should be supported to be exchanged between eNB and gNB.

Proposal 3: LTE MBSFN Subframe configuration should be exchanged to support DL sharing based on MBSFN subframes.

Proposal 4: Support indication of LTE DRS, CSI-RS, SRS, and PUCCH configurations based on LTE RRC IEs.
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