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1
Introduction
NR deployment options 2, 3, 4, 5, 6 and 7 all require Radio Network Layer (RNL) connectivity information to be available in the network, i.e. for which kind of connectivity towards the UE the cell is deployed (examples are NR SA, EN-DC SCG, NG-EN MCG, etc…). The definitions of NR SIB1 and E-UTRA SIB1 updated for 5G are now available, and provide the required information for idle mode UEs as well as information to be reported to the network in the context of ANR. For RNL connectivity information required within the network, RAN3 discussions so far focused on deployment option 3 (EN-DC) and option 2 (NR stand-alone). In this paper we consider the need for a network signalling approach for that can handle all deployment options in a uniform way.  
2
Discussion
In this section, we provide a first overview of 5G cell connectivity options (section 2.1), then an overview of information that is needed in network nodes (section 2.2), and finally proposals for network interface signalling (section 2.3).
2.1 RNL connectivity provided by 5G cells.

In 5G, an eLTE cell may provide the following types of RNL connectivity:

· option 5 support (eLTE SA)

· SCG support for option 4 (NE-DC)
· MCG support for option 7 (NGEN-DC)
And for the NR cell:

· option 2 support (NR SA)

· SCG support for option 3 (EN-DC)

· MCG support for option 4 (NE-DC)
· SCG support for option 7 (NGEN-DC)
Out of this, a UE in idle mode will only need to know whether the 5G cell provides idle mode service, i.e. TAU and paging, and Service Request. This will depend on e.g. 5GC connectivity, and an NR cell deployed only for option 3 may not be connected to 5GC. However an Xn-connected NR cell will always be connected to the 5GC, but RNL connectivity will typically depend on radio conditions and coverage offered by the cell and other deployment choices. E.g. cells deployed for high capacity but spotty coverage may not be considered suitable for MCG operation. 

Also an eLTE cell will always be connected to 5GC, but may be deployed as a coverage cell (hence suitable for MCG operation and option 5) or as a small cell (SCG operation).
2.2 RNL connectivity information in network nodes.

On the other side, the network nodes serving UEs in connected mode will typically need more information about RNL connectivity than the idle mode UE. In this section we list needed information per kind of connection.

The eNB connected via X2 towards an en-gNB needs the following information:

· whether the eNB can initiate EN-DC towards the NR cell (support of option 3)

· whether the eNB can trigger inter-system inter-RAT HO towards the NR cell (support of option 2) (in case of option 2, the node controlling the NR cell is named gNB, but using the same node ID and cell-IDs  as the en-gNB).
It can also be noticed that the ANR functionality by itself needs to store information about the physical cell environment. In particular, if an NR cell only provides option 2 service, the eNB still needs to store the information I order to avoid systematically retrigger CGI reading each time a UE reports the cell.
The ng-eNB connected to a gNB via Xn needs to know:

· whether the ng-eNB can initiate MR-DC towards the NR cell (SCG support of option 7)

· whether the ng-eNB can trigger intra-system inter-RAT HO towards the NR cell (support of option 2)

The gNB connected to a ng-eNB via Xn needs to know:

· whether the gNB can initiate MR-DC towards the eLTE cell (SCG support of option 4)

· whether the gNB can trigger intra-system inter-RAT HO towards the eLTE cell (support of option 5)

And finally, the gNB1 connected to another gNB2 via Xn needs to know:

· whether the gNB1 can trigger intra-system intra-RAT HO towards the NR cell (support of option 2)

For intra-NR DC, the gNB1 connected to another gNB2 may also need to know:

· whether the gNB1 can initiate intra-NR DC towards the NR cell (SCG functionality supported by gNB2)
2.3 Network interface signalling
A simple solution to cover network nodes need for information as described in the previous section, bitmaps corresponding to the 5G RNL connectivity options as listed in section 2.1 could be included in served cell information and neighbour cell information for eLTE and NR cells. 

Proposal: Add bitmaps for eLTE and NR cells in served cell and neighbour cell information IEs on Xn, X2 and F1 interfaces as appropriate.

Bits representing the following RNL connectivity options seem needed for NR cells on the F1 interface:
· option 2 support (NR SA)

· SCG support for option 3 (EN-DC)

· SCG support for option 7 (NGEN-DC)
The following subset of the above should be sufficient for NR cells on the Xn interface:

· option 2 support (NR SA)

· SCG support for option 7 (NGEN-DC)
The following code-points seem needed for eLTE cells on the Xn interface:

· option 5 support (eLTE SA)

· SCG support for option 4 (NE-DC)
For NR cells on the X2 interface:

· option 2 support (NR SA)

· SCG support for option 3 (EN-DC)

3
Conclusion
Proposal: Add bitmaps for eLTE and NR cells in served cell and neighbour cell information IEs on Xn, X2 and F1 interfaces as appropriate.

TP covering cell capabilities for NR and eLTE cells for XnAP is provided in annex of this paper. CRs for X2AP and F1AP covering cell capabilities for NR cells are submitted to this meeting in [1] and [2].
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Annex
- TP for baseline CR to TS 38.423 (based on v1.0.0)
<<< start of changes >>>
9.2.2.11
Served Cell Information NR

This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID

	NR CGI
	M
	
	9.2.2.7
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code

	RANAC
	O
	
	RAN Area Code

9.2.2.6
	

	NR Cell RNL Connectivity
	M
	
	9.2.2.x1
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs

	>PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE NR-Mode-Info
	M
	
	
	

	>FDD
	
	
	
	

	>>FDD Info
	
	1
	
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	>TDD
	
	
	
	

	>>TDD Info
	
	1
	
	

	>>>Frequency Info
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.2.20
	

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].


	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 6. This IE may need to be refined.


9.2.2.12
Served Cell Information E-UTRA

This IE contains cell configuration information of an E-UTRA cell that a neighbour NG-RAN node may need for the Xn AP interface.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-UTRA PCI
	M
	
	INTEGER (0..503, …)
	E-UTRA Physical Cell ID

	ECGI
	M
	
	E-UTRA CGI

9.2.2.8
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code

	eLTE Cell RNL Connectivity
	M
	
	9.2.2.x2
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs

	>PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE E-UTRA-Mode-Info
	M
	
	
	

	>FDD
	
	
	
	

	>>FDD Info
	
	1
	
	

	>>>UL EARFCN
	M
	
	E-UTRA ARFCN

9.2.2.21
	Corresponds to NUL in TS 36.104 [25] for E-UTRA operating bands for which it is defined; ignored for E-UTRA operating bands for which NUL is not defined

	>>>DL EARFCN
	M
	
	E-UTRA ARFCN

9.2.2.21
	Corresponds to NDL in TS 36.104 [25]

	>>>UL E-UTRA Transmission Bandwidth
	M
	
	E-UTRA Transmission Bandwidth

9.2.2.22
	Same as DL Transmission Bandwidth in this release; ignored in case UL EARFCN value is ignored

	>>>DL E-UTRA Transmission Bandwidth
	M
	
	E-UTRA Transmission Bandwidth

9.2.2.22
	

	>TDD
	
	
	
	

	>>TDD Info
	
	1
	
	

	>>>EARFCN
	M
	
	E-UTRA ARFCN

9.2.2.21
	Corresponds to NDL/NUL in TS 36.104 [25]

	>>>E-UTRA Transmission Bandwidth
	M
	
	9.2.2.22
	

	>>>Subframe Assignment
	M
	
	ENUMERATED (sa0, sa1, sa2, sa3, sa4, sa5, sa6, ...)
	Uplink-downlink subframe configuration information defined in TS 36.211 [26]

	>>>Special Subframe Info
	
	1
	
	Special subframe configuration information defined in TS 36.211 [26]

	>>>>Special Subframe Patterns
	M
	
	ENUMERATED (ssp0, ssp1, ssp2, ssp3, ssp4, ssp5, ssp6, ssp7, ssp8, ssp9, ssp10, ...)
	

	>>>>Cyclic Prefix DL
	M
	
	ENUMERATED (Normal, Extended,…)
	

	>>>>Cyclic Prefix UL
	M
	
	ENUMERATED (Normal, Extended, ...)
	

	Number of Antenna Ports E-UTRA
	O
	
	9.2.2.23
	

	PRACH Configuration
	O
	
	E-UTRA PRACH Configuration

9.2.2.25
	

	MBSFN Subframe Info
	
	0..<maxnoofMBSFN>
	
	MBSFN subframe defined in TS 36.331 [14]

	>Radioframe Allocation Period
	M
	
	ENUMERATED (n1, n2, n4, n8, n16, n32, …)
	

	>Radioframe Allocation Offset
	M
	
	INTEGER (0..7, ...)
	

	>MBSFN Subframe Allocation E-UTRA
	M
	
	9.2.2.26
	

	E-UTRA Multiband Info List
	O
	
	9.2.2.24
	

	FreqBandIndicatorPriority
	O
	
	ENUMERATED (not-broadcast, broadcast, ...)
	This IE indicates that the eNodeB supports FreqBandIndicationPriority, and whether 

FreqBandIndicatorPriority is broadcast in SIB 1 (see TS 36.331 [14])

	BandwidthReducedSI
	O
	
	ENUMERATED (scheduled, ...)
	This IE indicates that the SystemInformationBlockType1-BR is scheduled in the cell (see TS 36.331 [14])


	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. The value is 6. The constant needs to be refined.

	maxnoofMBSFN
	Maximum no. of MBSFN frame allocation with different offset. Value is 8.


9.2.2.13
Neighbour Information NR
This IE contains cell configuration information of NR cells that a neighbour NG-RAN node may need to properly operate its own served cells.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Neighbour Information NR
	
	1 .. <maxnoofNeighbours>
	
	

	
	
	
	
	

	>NRPCI
	M
	
	INTEGER (0..1007)
	NR Physical Cell ID

	>NR-CGI
	M
	
	9.2.2.7
	

	>TAC
	M
	
	9.2.2.5
	Tracking Area Code

	> NR Cell RNL Connectivity
	M
	
	9.2.2.x1
	

	>CHOICE NR-Mode-Info
	M
	
	
	

	>>FDD
	
	
	
	

	>>>FDD Info
	
	1
	
	

	>>>>UL NR FreqInfo
	M
	
	NR Frequency Info

9.2.2.19
	

	>>>>DL NR FreqInfo
	M
	
	NR Frequency Info

9.2.2.19
	

	>>TDD
	
	
	
	

	>>>TDD Info
	
	1
	
	

	>>>>NR FreqInfo
	M
	
	NR ARFCN Frequency Info

9.2.2.19
	


	Range bound
	Explanation

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 1024.


9.2.2.14
Neighbour Information E-UTRA

This IE contains cell configuration information of E-UTRA cells that a neighbour NG-RAN node may need to properly operate its own served cells.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-UTRA Neighbour Information E-UTRA
	
	1 .. <maxnoofNeighbours>
	
	

	>E-UTRA PCI
	M
	
	INTEGER (0..503, …)
	E-UTRA Physical Cell Identifier of the neighbour cell

	>ECGI
	M
	
	E-UTRA CGI

9.2.2.8
	

	>EARFCN
	M
	
	E-UTRA ARFCN

9.2.2.21
	DL EARFCN for FDD or EARFCN for TDD

	>TAC
	M
	
	9.2.2.5
	Tracking Area Code

	>eLTE Cell RNL Connectivity
	M
	
	9.2.2.x2
	


	Range bound
	Explanation

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 1024.


<<< next change >>>
9.2.2.x1
NR Cell RNL Connectivity
This IE indicates supported RNL connectivity options for an NR cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR Cell RNL Connectivity
	M
	
	BIT STRING

(SIZE(8))
	Each position in the bitmap indicates RNL connectivity of the cell.
First bit=NR SA,

Second bit=EN-DC,

Third bit=NGEN-DC.
Other bits are reserved.


<<< next change >>>
9.2.2.x2
eLTE Cell RNL Connectivity
This IE indicates supported RNL connectivity options for an eLTE cell.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	eLTE Cell RNL Connectivity
	M
	
	BIT STRING

(SIZE(8))
	Each position in the bitmap indicates RNL connectivity of the cell.

First bit=eLTE SA,

Second bit=NE-DC.
Other bits are reserved.


<<< next change >>>
ELTE-Cell-RNL-Connectivity ::= BIT STRING (SIZE(8))
NR-Cell-RNL-Connectivity ::= BIT STRING (SIZE(8))
<<< next change >>>
NeighbourInformation-E-UTRA ::= SEQUENCE (SIZE(1..maxnoofNeighbours)) OF NeighbourInformation-E-UTRA-Item

NeighbourInformation-E-UTRA-Item ::= SEQUENCE {


e-utra-PCI


E-UTRAPCI,


e-utra-cgi


E-UTRA-CGI,


earfcn



E-UTRAARFCN,


tac




TAC,


eLTE-Cell-RNL-Connectivity
ELTE-Cell-RNL-Connectivity,

iE-Extensions

ProtocolExtensionContainer { {NeighbourInformation-E-UTRA-Item-ExtIEs} } OPTIONAL,


...

}

NeighbourInformation-E-UTRA-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::={

...

}

<<< next change >>>
NeighbourInformation-NR ::= SEQUENCE (SIZE(1..maxnoofNeighbours)) OF NeighbourInformation-NR-Item

NeighbourInformation-NR-Item ::= SEQUENCE {


e-utra-cgi


E-UTRA-CGI,


e-utra-PCI


E-UTRAPCI,


earfcn



E-UTRAARFCN,


tac




TAC,


nR-Cell-RNL-Connectivity
NR-Cell-RNL-Connectivity,

nr-mode-info

NeighbourInformation-NR-ModeInfo,


iE-Extensions

ProtocolExtensionContainer { {NeighbourInformation-NR-Item-ExtIEs} } OPTIONAL,


...

}

NeighbourInformation-NR-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::={

...

}

<<< next change >>>
-- Served Cells E-UTRA IEs

ServedCellInformation-E-UTRA ::= SEQUENCE {


e-utra-pci




E-UTRAPCI,


e-utra-cgi




E-UTRA-CGI,


tac






TAC,


eLTE-Cell-RNL-Connectivity

ELTE-Cell-RNL-Connectivity,

broadcastPLMNs



SEQUENCE (SIZE(1..maxnoofBPLMNs)) OF ServedCellInformation-E-UTRA-perBPLMN,


numberofAntennaPorts

NumberOfAntennaPorts-E-UTRA











OPTIONAL,


prach-configuration


E-UTRAPRACHConfiguration











OPTIONAL,


mBSFNsubframeInfo


MBSFNSubframeInfo-E-UTRA











OPTIONAL,


multibandInfo



E-UTRAMultibandInfoList












OPTIONAL,

freqBandIndicatorPriority
ENUMERATED {not-broadcast, broadcast, ...} 







OPTIONAL,


bandwidthReducedSI


ENUMERATED {scheduled, ...}











OPTIONAL,


iE-Extensions



ProtocolExtensionContainer { {ServedCellInformation-E-UTRA-ExtIEs} }
OPTIONAL,


...

}

ServedCellInformation-E-UTRA-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

<<< next change >>>
-- Served Cells NR IEs

ServedCellInformation-NR ::= SEQUENCE {


nrPCI







NRPCI,


cellID







NR-CGI,


tac








TAC,


ranac







RANAC





OPTIONAL,


nR-Cell-RNL-Connectivity


NR-Cell-RNL-Connectivity,

broadcastPLMN





BroadcastPLMNs,


nrModeInfo






NRModeInfo,


measurementTimingConfiguration

OCTET STRING,


iE-Extensions





ProtocolExtensionContainer { {ServedCellInformation-NR-ExtIEs} } OPTIONAL,


...

}

ServedCellInformation-NR-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

<<< end of changes >>>
