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1 Introduction

This paper aims to identify the changes required to support a baseline inter-RAT mobility between EUTRA and NR, covering both idle and connected as well as changes required to TS 38.331 and TS 36.331.

The paper includes a number of proposals required to define a first stage 3 baseline for inter-RAT mobility, some of which are needed to capture previous agreements (i.e. to agree the high level stage 3 realisation e.g. which message/ procedure to use).

Some of the proposals relate to aspects currently marked as FFS or TBC in the running CR on introducing SA related NR aspects into TS 36.331. For NR RRC related aspects, a TP is provided in an annex to this document illustrating part of the corresponding changes to TS 38.331 that, if agreed, are proposed to be captured in a similar SA running CR for TS 38.331.
2 Discussion

General
We think there is no real need to support cell change order i.e. cell re-selection, handover and redirection upon connection release are sufficient for a first baseline. Further additions may be considered at later stages e.g. for IRAT mobility in inactive/ light connected (that is not specifically considered at this statge). Hence we propose:
Proposal 1
No need to support cell change order, at least not as part of the first/ initial baseline
Cell reselection

We think the following principles agreed for cell re-selection within NR can equally apply for cell re-selection to/ from NR:

-     Inter-frequency reselection is based on absolute priorities where a UE tries to camp on the highest priority frequency available;
-     An NCL can be provided by the serving cell to handle specific cases for intra- and inter-frequency neighbouring cells;
-     Black lists can be provided to prevent the UE from reselecting to specific intra- and inter-frequency neighbouring cells;

-     Cell reselection can be speed dependent;

-     Service specific prioritisation.

We understand that although there has been no explicit agreement of a first baseline for the parameters to be signalled for cell re-selection within NR, the above provides a good starting point. Additional parameters that are under discussion a.o. include:

· N, the number of beams to consider when determining quanlity of an NR cell when evaluating/ ranking cells for re-selection

· Which services the cell indicates to support

At present, it seems possible to agree a basic set of parameters for cell re-selection from EUTRA to NR. Regarding support of further parameters currently available in LTE (e.g. mobility state based speed scaling, reduced measurement performance, MFBI) and parameters to support in the other direction, it seems appropriate to further progress the discussion on parameters to specify for cell reselection within NR. Hence for now we (merely) propose:
Proposal 2
Within 36.331, introduce SIB2N for reselection to NR and include a basic set of parameters as used in other priority based inter-RAT reselection cases i.e. t-Reselection and per NR frequency: cell reselection priority and thresholds, suitability related parameters (q-RxLevMin, p-Max, q-QualMin)

Mechanism upon connection release

RAN2 already made some agreements regarding inter-RAT mobility upon connection release i.e.

· The NR RRC connection release kind of message can include a redirected carrier frequency and idle mode mobility control information (dedicated priorities)

· Redirection is supported between NR and LTE (both directions, and both connected to NG Core and EPC)

It seems rather straightforward to extend the existing mechanism in LTE RRC connection release to cover NR. For the other direction the same applies, except that the discussion on connection control messages needs to be concluded first.
Proposal 3
Within 36.331, extend the mobility related mechanisms at connection release to cover NR (i.e. redirection and idle mode mobility control/ dedicated priorities)

Handover related mechanisms

HO procedure i.e. reconfiguration with sync and key refresh

Handover to NR

Upon handover to NR an NR HO command is transferred to the UE via the LTE radio interface. Alike in LTE, we think it would be appropriate to re-use the RRCReconfiguration message. Some further remarks:

· The configuration included is assumed to be a full configuration
· I.e. use of delta configuration compared to any NR configurations that may have been configured prior to HO (e.g. NR SCG configuration) is merely an non-essential enhancement
· Some additional signalling may be required compared to what is currently defined in TS 38.331

· The following security parameters provided in LTE upon HO to NR are missing (securityConfigHO in LTE RRCConnectionReconfiguration):

· nas-SecurityParamToEUTRA
· (further details may be concluded together with discussions on intra NR handover)

· A further question is how to specify the HO to NR procedure in TS 38.331. In LTE a dedicated procedure was introduced for used for HO to LTE, but most aspects covered are the same as upon intra-LTE HO i.e. same message is received with few differences (e.g. no delta signalling, security). Also failure handling (T304 and non-compliance) is same as upon intra-LTE HO
· It thus seems possible to merge the HO to NR procedure with the existing NR reconfiguration procedure, thereby avoiding duplicating the large commonality.

· It should be easy to specify the few procedural differences by means of if/ else, while diffrences in configuration options can be specified by conditions.

· Differences seem small but a.o. include initial signalling baseline (default config), security
Altogether we propose:

Proposal 4
Use the NR RRCReconfiguration message for HO to NR and, for supporting a baseline IRAT handover, introduce the following changes to the reconfiguration specification parts of TS 38.331:

a) Introduce a field to cover the security parameters needed upon HO to NR a.o. nas-SecurityParamToNR (signalling details concluded with intra NR HO)
Proposal 5
Within NR RRC, specify HO to NR within the RRCReconfiguration procedure (i.e. merge the procedures)
Handover from NR

Upon handover from NR an LTE RRCConnectionReconfiguration message is signalled to the UE via the NR radio interface. In LTE a separate message/ procedure was defined for HO from LTE with characteristics as follows:
· MobilityFromEUTRACommand message primarily including choice between the LTE HO and CCO messages, a CSFB indication, security and SI parameters
· Mobility from E-UTRA procedure including, in case of CCO: use of T304 to limit time to try accessing target RAT, actions upon leaving connected in case of success, re-establishment upon failing to complete mobility (non-compliance, unable to access, timeout) – actual failures defined in other RAT
Some further remarks:

· As only HO to LTE is assumed to be in scope, only a subset of the LTE elements are required i.e:

· No need to support CCO related options/ parameters e.g. T304

· No need to transfer LTE SI
· The procedure details are assumed to be same as in LTE, except that T304 related actions are not applicable (given support of handover only)
· The main question how to specify the HO from NR procedure in TS 38.331 i.e. what message/ procedure to use. At first glance, it seems relatively straightforward to re-use the existing NR reconfiguration message/ procedure. This may be done as follows:

· In the section upon receiving the message, forwarding of the LTE message is added

· Introduction of specific subclauses for HO from NR can be considered for a) successful mobility from NR and b) failed mobility to NR (referring to LTE specifications for details of the failure) i.e. if not easy to integrate into current sections (or for added visibility)
Altogether we propose:

Proposal 6
Use the NR RRCReconfiguration message for HO from NR and, for supporting a baseline IRAT handover, introduce the following changes to the reconfiguration specification parts of TS 38.331:

b) Introduce a field (container) for carrying an IRAT handover command message
Proposal 7
Within NR RRC, specify HO from NR within the RRCReconfiguration procedure (i.e. merge the procedures)

RRM measurements

The B-type events in the current TS 36.331 were already extended to cover handover to NR i.e. B2 was considered not required for NSA but anyhow changed as affecting the same ASN.1 parts. Hence we assume no further changes are needed to TS 36.331.

In 38.331 so far no RRM measurement reporting is specified for IRAT mobility. We think that for for HO to EUTRA, we need to introduce support B1 and B1 in accordance with previous RAN2 agreements (based on R2-1708705):
Agreements:

1:
The following events for inter RAT measurements from NR to LTE are supported:

Event B1: Inter RAT neighbour becomes better than threshold

Event B2:
 PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2

2:
Periodical inter-RAT measurement report configuration shall be supported in NR.

3: The measurement object for LTE in NR specification could reuse structure of measurement object for LTE frequency defined in LTE specification.

4: introduce separate MeasResults IE for NR and LTE.

We think these agreements are sufficient to progress the stage 3 details and hence note the following:

Observation1
To support IRAT HO between LTE and NR, several changes are needed to the RRM parts of TS 38.331: introduction of inter-RAT measurements, including event B1 and B2 as well as periodical measurement reporting. There however seems no need for additional agreements to define an initial stage 3 baseline
Inter-node messages

TS 36.331 includes the HandoverCommand and HandoverPreparationInformation inter node messages that apply in case of HO to an LTE target MN. We think that, at least initially there is no need to support adding or keeping an NR SCG upon HO to LTE. Also given that transfer of NR capabilities is already supported within HandoverPreparationInformation, we think no changes are needed to 36.331 other than clarifying in which case NR capabilities are included in HandoverPreparationInformation (as for any RAT).
Current TS 38.331 already includes the HandoverCommand and HandoverPreparationInformation inter node messages that apply in case of HO to an NR target MN. We think that IRAT mobility does not impose any additional requirements for these INR. I.e. it should be sufficient if these INMs support basic intra-NR HO.

Observation2
To support IRAT HO between LTE and NR, no changes are needed to the RRC inter-node messages defined in TS 36.331 and in TS 38.331 (i.e. inter-RAT mobility does not impose additional requirements on these INM compared to baseline intra-RAT HO)
Some discussion may be needed whether in NR RRC we want to specify something regarding which UE capabilities source RAN node may or shall (not) include upon HO to NR (as in LTE RRC).

3 Conclusion & recommendation
This paper aims to identify the changes required to support a baseline inter-RAT mobility between EUTRA and NR, covering both idle and connected as well as changes required to TS 38.331 and TS 36.331. In particular, the document includes the following proposal that RAN2 is requested to discuss and conclude.

Proposal 1
No need to support cell change order, at least not as part of the first/ initial baseline
Proposal 2
Within 36.331, introduce SIB2N for reselection to NR and include a basic set of parameters as used in other priority based inter-RAT reselection cases i.e. t-Reselection and per NR frequency: cell reselection priority and thresholds, suitability related parameters (q-RxLevMin, p-Max, q-QualMin)

Proposal 3
Within 36.331, extend the mobility related mechanisms at connection release to cover NR (i.e. redirection and idle mode mobility control/ dedicated priorities)

Proposal 4
Use the NR RRCReconfiguration message for HO to NR and, for supporting a baseline IRAT handover, introduce the following changes to the reconfiguration specification parts of TS 38.331:

a) Introduce a field to cover the security parameters needed upon HO to NR a.o. nas-SecurityParamToNR (signalling details concluded with intra NR HO)
Proposal 5
Within NR RRC, specify HO to NR within the RRCReconfiguration procedure (i.e. merge the procedures)

Proposal 6
Use the NR RRCReconfiguration message for HO from NR and, for supporting a baseline IRAT handover, introduce the following changes to the reconfiguration specification parts of TS 38.331:

a) Introduce a field (container) for carrying an IRAT handover command message
Proposal 7
Within NR RRC, specify HO from NR within the RRCReconfiguration procedure (i.e. merge the procedures)

Observation1
To support IRAT HO between LTE and NR, several changes are needed to the RRM parts of TS 38.331 i.e. EUTRA specific measurement object, reporting configuration and results covering event B1 and B2 as well as periodical measurement reporting. There however seems no need for additional agreements to define an initial stage 3 baseline
Observation2
To support IRAT HO between LTE and NR, no changes are needed to the RRC inter-node messages defined in TS 36.331 and in TS 38.331 (i.e. inter-RAT mobility does not impose additional requirements on these INM compared to baseline intra-RAT HO)
Some of these proposals relate to aspects currently marked as FFS or TBC in the running CR on introducing SA related NR aspects into TS 36.331. For NR RRC related aspects, a TP is provided in an annex to this document illustrating the RRM related changes to the PDU section of TS 38.331 that, if agreed, are proposed to be captured in a similar SA running CR for TS 38.331.

4 References

[1] TS 38.331 Radio Resource Control v1.0.1
[2] R2-180851 Introducing support for NR, changes only relevant for SA (Samsung)
5 Text proposal (based on 38.331, v1.0.1)

RRM related changes to PDU section
6.3.5
Measurement information elements
<Irrelevant parts omitted>
–
MeasObjectEUTRA

The IE MeasObjectEUTRA specifies information applicable for intra-frequency or inter-frequency E‑UTRA cells.

MeasObjectEUTRA information element

-- ASN1START

-- TAG-MEAS-OBJECT-NR-START

MeasObjectNR ::=






SEQUENCE {


carrierFreq








ARFCN-ValueEUTRA,


--Frequency-specific offsets (only for events A3, A6)


offsetFreq








Q-OffsetRangeList,


-- Black list


blackCellsToRemoveList





CellIndexList















OPTIONAL,


blackCellsToAddModList





BlackCellsToAddModList













OPTIONAL,

}

CellsToAddModListEUTRA ::=




SEQUENCE (SIZE (1..maxNrOfCellMeas)) OF CellsToAddModEUTRA
CellsToAddModEUTRA ::=





SEQUENCE {


cellIndex







INTEGER (1..maxNrOfCellMeas),


physCellIdRange






PhysCellIdRangeEUTRA,

}

-- TAG-MEAS-OBJECT-NR-STOP

-- ASN1STOP

Editor’s Note: FFS Which additional mechanism to support e.g. alternative TTT, reducedMeasPerformance, CGI reporting
	MeasObjectEUTRA field descriptions

	blackCellsToAddModList

List of cells to add/ modify in the black list of cells.

	blackCellsToRemoveList

List of cells to remove from the black list of cells.

	carrierFreq

Identifies NR carrier frequency for which this configuration is valid.

	cellIndex

Entry index in the cell list. An entry may concern a range of cells, in which case this value applies to the entire range.

	offsetFreq

Offset values applicable to the carrier frequency.

	physCellIdRange

Physical cell identity or a range of physical cell identities.


<Irrelevant parts omitted>
–
MeasResults

The IE MeasResults covers measured results for intra-frequency, inter-frequency and inter- RAT mobility.

MeasResults information element

-- ASN1START

-- TAG-MEAS-RESULTS-START

MeasResults ::=







SEQUENCE {


measId









MeasId,


measResultServingFreqList




MeasResultServFreqList,


measResultNeighCells





CHOICE {



measResultListNR






MeasResultListNR,



measResultListEUTRA






MeasResultListEUTRA,



...


}





























OPTIONAL
}

MeasResultServFreqList ::=




SEQUENCE (SIZE (1..maxNrofSCells)) OF MeasResultServFreq

MeasResultServFreq ::=





SEQUENCE {


servFreqId








ServCellIndex















OPTIONAL,


measResultServingCell





MeasResultNR,


measResultBestNeighCell





MeasResultNR















}

MeasResultListNR ::=





SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR

MeasResultNR ::=






SEQUENCE {


physCellId








PhysCellId
















OPTIONAL,


--FFS: Details of cgi info 


cgi-Info








ENUMERATED {ffsTypeAndValue},

measResult








SEQUENCE {



cellResults








SEQUENCE{




resultsSSBCell







ResultsSSBCell













OPTIONAL,




resultsCSI-RSCell 






ResultsCSI-RSCell












OPTIONAL


},


rsIndexResults







SEQUENCE{




resultsSSB-Indexes






ResultsPerSSB-IndexList











OPTIONAL, 




resultsCSI-RSIndexes





ResultsPerCSI-RSIndexList 










OPTIONAL


}




























OPTIONAL

}

}

ResultsSSBCell ::= 






SEQUENCE {


ssb-Cellrsrp







RSRP-Range
















OPTIONAL,


ssb-Cellrsrq







RSRQ-Range
















OPTIONAL,


ssb-Cellsinr







SINR-Range
















OPTIONAL
}

ResultsCSI-RSCell ::= 





SEQUENCE {


csi-rs-Cellrsrp







RSRP-Range
















OPTIONAL,


csi-rs-Cellrsrq







RSRQ-Range
















OPTIONAL,


csi-rs-Cellsinr







SINR-Range
















OPTIONAL
}

ResultsPerSSB-IndexList ::= 




SEQUENCE (SIZE (1..maxNrofSSBs)) OF ResultsPerSSB-Index

ResultsPerSSB-Index ::= 





SEQUENCE {


ssb-Index








SSB-Index,


ss-rsrp









RSRP-Range
















OPTIONAL,


ss-rsrq









RSRQ-Range
















OPTIONAL,


ss-sinr









SINR-Range
















OPTIONAL
}

ResultsPerCSI-RSIndexList ::= 



SEQUENCE (SIZE (1..maxNrofCSI-RS)) OF ResultsPerCSI-RSIndex

ResultsPerCSI-RSIndex ::= 




SEQUENCE {


csi-rsIndex








CSI-RSIndex,


csi-rsrp








RSRP-Range
















OPTIONAL,


csi-rsrq








RSRQ-Range
















OPTIONAL,


csi-sinr








SINR-Range
















OPTIONAL
}

MeasResultListEUTRA ::=





SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA
MeasResultEUTRA ::=






SEQUENCE {


physCellId








PhysCellIdEUTRA
















OPTIONAL,


--FFS: Details of cgi info 


cgi-Info








ENUMERATED {ffsTypeAndValue},

measResult








SEQUENCE {



rsrpResult








RSRP-RangeEUTRA





OPTIONAL,



rsrqResult








RSRQ-RangeEUTRA





OPTIONAL,



rs-sinr-Result







RS-SINR-RangeEUTRA




OPTIONAL


}

}

-- TAG-MEAS-RESULTS-STOP

-- ASN1STOP

Editor’s Note: FFS locationInfo.

	MeasResults field descriptions

	csi-rs-Cellrsrp

Measured RSRP result per NR cell based on CSI-RSRP value(s) from the L1 filter(s).

	csi-rs-Cellrsrq

Measured RSRQ result per NR cell based on CSI-RSRQ value(s) from the L1 filter(s).

	csi-rs-Cellsinr

Measured SINR result per NR cell based on CSI-SINR value(s) from the L1 filter(s).

	csi-rsIndex

CSI-RS resource index associated to the measurement information to be reported.

	csi-rsrp

L3 filtered CSI-RSRP measurement per CSI-RS resource index, as defined in 5.5.4.x. CSI-RSRP is defined in TS 38.215 [9].

	csi-rsrq

L3 filtered CSI-RSRQ measurement per CSI-RS resource index, as defined in 5.5.4.x. CSI-RSRQ is defined in TS 38.215 [9].

	csi-sinr

L3 filtered CSI-SINR measurement per CSI-RS resource index, as defined in 5.5.4.x. CSI-SINR is defined in TS 38.215 [9].

	measId

Identifies the measurement identity for which the reporting is being performed.

	measResult

Measured results of an NR cell.

	measResultListNR

List of measured results for the maximum number of reported best cells for an NR measurement identity.

	measResultServingFreqList 

Measured results of the serving frequencies including measurement results of PCell, configured SCell(s) and best neighbouring cell on each serving frequency. 

	resultsCSI-RSIndexes 

List of measurement information per CSI-RS resource index of an NR cell.

	resultsSSB-Indexes

List of measurement information per SS/PBCH index of an NR cell.

	resultsCSI-RSCell

Cell level measurement results (e.g. RSRP, RSRQ, SINR) to be reported derived from CSI-RS measurements.

	resultSSBCell 

Cell level measurement results (e.g. RSRP, RSRQ, SINR) to be reported derived on SS/PBCH block measurements.

	ssb-Cellrsrp

Measured RSRP result per NR cell based on SS-RSRP value(s) from the L1 filter(s).

	ssb-Cellrsrq

Measured RSRQ result of an NR Cell based on SS-RSRP value(s) from the L1 filter(s).

	ssb-Cellsinr

Measured SS-SINR result of an NR Cell based on SS-SINR value(s) from the L1 filter(s)..

	ssb-Index

SS/PBCH block index associated to the measurement information to be reported.

	ss-rsrp

L3 filtered SS-RSRP measurement per SS/PBCH block index, as defined in 5.5.4.x. SS-RSRP is defined in TS 38.215 [9].

	ss-rsrq

L3 filtered SS-RSRQ measurement per SS/PBCH block index, as defined in 5.5.4.x. SS-RSRQ is defined in TS 38.215 [9].

	ss-sinr

L3 filtered SS-SINR measurement per SS/PBCH block index, as defined in 5.5.4.x. SS-SINR is defined in TS 38.215 [9].


<Irrelevant parts omitted>
–
ReportConfigEUTRA
The IE ReportConfigEUTRA specifies criteria for triggering of an EUTRA measurement reporting event. These events are labelled BN with N equal to 1, 2 and so on.

Event B1:
Neighbour becomes better than absolute threshold;

Event B2:
PCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

ReportConfigEUTRA information element

-- ASN1START

-- TAG-REPORT-CONFIG-START

ReportConfigEUTRA ::=






SEQUENCE {


reportType








CHOICE {



periodical








PeriodicalReportConfig, 



eventTriggered







EventTriggerConfig,

-- FFS whether to support reportCGI



...


}

}

-- FFS / TODO: Consider use of IE like MeasTriggerQuantity to specify trigger quantity and threshold

-- Current structure allows easier definiton of new events and new report types e.g. CGI, etc.

EventTriggerConfig::=



SEQUENCE {


eventId







CHOICE {



eventB1







SEQUENCE {




b1-Threshold





MeasTriggerQuantityEUTRA,




reportOnLeave





BOOLEAN,




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},



eventB2







SEQUENCE {




b2-Threshold1





ThresholdNR,




b2-Threshold2





ThresholdEUTRA,




reportOnLeave





BOOLEAN,




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},



...,


},


-- Common reporting config (at least to periodical and eventTriggered)


reportInterval







ReportInterval,


reportAmount







ENUMERATED {ffsTypeAndValue},


-- Cell reporting configuration


reportQuantityCell






MeasReportQuantity,


maxReportCells







INTEGER (1..maxCellReport),


-- If configured the UE includes the best neighbour cells per serving frequency


reportAddNeighMeas






ENUMERATED {ffsTypeAndValue}
}

PeriodicalReportConfig ::=




SEQUENCE {


-- Common reporting config (at least to periodical and eventTriggered)


reportInterval







ReportInterval,


reportAmount







ENUMERATED {ffsTypeAndValue},


-- Cell reporting configuration


reportQuantityCell






MeasReportQuantity,


maxReportCells







INTEGER (1..maxCellReport)

}

MeasTriggerQuantityEUTRA ::=



CHOICE {


rsrp









RSRP-RangeEUTRA,


rsrq









RSRQ-RangeEUTRA,


sinr









SINR-RangeEUTRA
}

MeasReportQuantityEUTRA ::=





SEQUENCE {


rsrp









BOOLEAN,


rsrq









BOOLEAN,


sinr









BOOLEAN
}

-- TAG-REPORT-CONFIG-START

-- ASN1STOP

	ReportConfigEUTRA field descriptions

	eventId

Choice of NR event triggered reporting criteria.

	maxReportCells

Max number of non-serving cells to include in the measurement report.

	reportAmount

Number of measurement reports applicable for eventTriggered as well as for periodical report types

	reportOnLeave

Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantityCell

The cell measurement quantities to be included in the measurement report.

	reportAddNeighMeas

Indicates that the UE shall includes the best neighbour cells per serving frequency.

	timeToTrigger

Time during which specific criteria for the event needs to be met in order to trigger a measurement report.


6 Background/ overview

Handover related signalling
RRCReconfiguration

>masterCellGroupConfig
· How to change the SPCell i.e.release and add? Will we use SCellToReleaseList with index 0 for SPCell as in LTE

> secondaryCellGroupToAddModList/ toReleaseList

· In general it may be better to place release before add (as in LTE)?

>measConfig
Other

Reestablishment

CellGroupConfig

>cellGroupId
>rlc-BearerToAddModList/ toReleaseList

>mac-CellGroupConfig
>rlf-TimersAndConstants
>physical-CellGroupConfig (common for all cells)

>spCellConfig
>sCellToAddModList/ toReleaseList

· There is one IE covering all types of cells i.e. nothing specifically for a SPCell, PUCCH SCell, .. For cells with fewer options, RAN will simply omit irrelevant fields. This is quite flexible

Other INMs for SA

Note that for SA in general there is a need to support other RRC INMs i.e. as shown below

	INM
	Contents
	Transfer
	Relevant

	UEPagingCoverageInformation
	Paging coverage related information

· Estimate of required MPDCCH repetitions for paging
	Between RAN and CN (DL and UL)
	No

	UERadioAccessCapabilityInformation
	UE capability containers
	Between RAN and CN (DL and UL)
	Yes

	UERadioPagingInformation
	Paging related UE capability information

· UE category,

· CE mode A and B

· Supported bands
	Between RAN and CN (DL and UL)
	No
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