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1
Introduction
In the last meeting [1], RAN2 discussed the handover from NR to EN-DC. There is no agreements and this topic is postponed to the next meeting.
=>
Offline discussion whether to support this case of handover into LTE with EN-DC configured, and if supported the full solution including whether to support delta signalling, capability, inter-node messages, if RAN3 would need to do anything, etc (Offline discussion 40, Ericsson)

R2-1816045
[Summary of offline#40]
Ericsson
discussion
=>
Postponed

=>
CR to be provided to the next meeting including all inter-node message impacts so that people can see all the impacts a final decision can be made.
In this contribution, we further analyze the use case and the impact.
2
Discussion
In our understanding, the frequency of NR cell is higher than the frequency of LTE cell in the initial phase. The DL&UL coverage of NR cell is likely smaller than the coverage of LTE cell. If the network configures the UE to use NE-DC, the network will change the MN more frequently. More frequent handover may compromise the mobility performance. In addition, the standardization of EN-DC is completed earlier. EN-DC is more mature than NE-DC, Therefore, we think operators will configure the UE to use EN-DC in the initial phase.
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Figure 1  coverage of NR and LTE
Observation 1: HO to EN-DC may have better mobility performance than HO to NE-DC.  Some operators are likely to deploy EN-DC and not NE-DC in the initial phase. 
RAN2 has introduced the EN-DC support in LTE capability in 36.331.

IRAT-ParametersNR-r15 ::=

SEQUENCE {


en-DC-r15





ENUMERATED {supported}





OPTIONAL,


eventB2-r15





ENUMERATED {supported}





OPTIONAL,

supportedBandListNR-r15


SupportedBandListNR-r15





OPTIONAL

}

In the last meeting, RAN2 has agreed to introduce different capability indications to indicate support of option 4 and option 7.

Agreements

1
Introduce one per UE capability indication in UE-EUTRA-Capability to indicate support of option 7 and introduce one per UE capability indication in UE-NR-Capability to indicate support of option 4

Since RAN had been agreed to standardize the option 3 and option 2 first. Therefore, it is more likely that the early phase of commercial UEs support EN-DC but does not support NE-DC.

 Observation 2: Early phase of commercial UEs may support EN-DC but not support NE-DC.
We think there are the following use cases for handover from NR to EN-DC. 

· More and more services request the high data rate and more and more UEs will connect to the network. When the coverage of NR cell is not good enough or when the load of NR cell is high, the network may aggregate the LTE/NR spectrum to ensure the high throughput. According to the above two observations, the network needs to support the handover from NR to EN-DC.
· When UE initiates the voice in NR when there are ongoing high throughput data services, the network may configure to fall-back to LTE because the coverage of LTE is better and handover is less. But these high throughput data services need to be maintained without compromise the user experience.
 If the network cannot add the SN during the handover procedure in these use cases, the performance of UE will be degraded.
Observation 3: There are use cases that network wants to support the handover from NR to EN-DC.
RAN2 has defined inter-system handover between NR and E-URAN in 38.300, and also has defined the procedure intra-system MR-DC HO(e.g. e Inter-Master Node handover with/without Secondary Node change, Master Node and to eNB/gNB Change, eNB/gNB to Master Node change) in 37.340. 

In our understanding, we can combine the inter-system handover procedure and the intra-system MR-DC procedure to achieve the inter-system MR-DC HO.  For example, the handover procedure from NR to EN-DC is as following:
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Figure 2 NR to EN-DC handover procedure
From the chart above, for the handover from NR to EN-DC, we see that the additional procedure is the SgNB Addition procedures compared with the handover procedure from NR to LTE. The LTE node needs to decide which gNB node is the target SN, also the target SN needs to decide which NR cell is the PScell. Therefore the source NR node needs to inform the target eNB of the measurement results of the NR cells of the target SN.

According the following description of TS38.331, the UE can report the NR serving cell and neighbour cell measurement results in the eventB1/B2 report.

For the measId for which the measurement reporting procedure was triggered, the UE shall set the measResults within the MeasurementReport message as follows:

1>
set the measId to the measurement identity that triggered the measurement reporting;

1>
set the measResultServingCell within measResultServingMOList to include RSRP, RSRQ and the available SINR for each configured serving cell derived based on the rsType indicated in the associated reportConfig;

1>
set the measResultServingCell within measResultServingMOList to include for each NR serving cell that is configured with servingCellMO, if any, the servCellId;

1>
if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRsIndexes and maxNrofRSIndexesToReport:

2>
for each serving cell configured with servingCellMO, include beam measurement information according to the associated reportConfig as described in 5.5.5.2;

1>
if the reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas:

2>for each serving cell measObjectId referenced in the measIdList, other than the measObjectIdcorresponding with the measId that triggered the measurement reporting:

3>
set the measResultBestNeighCell within measResultServingMOList to include the physCellId and the available measurement quantities based on the reportQuantityCelland rsTypeindicated in reportConfig of the non-serving cell corresponding to the concerned measObjectNRwith the highest measured RSRP if RSRP measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured RSRQ if RSRQ measurement results are available for cells corresponding to this measObjectNR, otherwise with the highest measured SINR;

3>
if the reportConfig associated with the measId that triggered the measurement reporting includes reportQuantityRsIndexes and maxNrofRSIndexesToReport:

4>
for each best non-serving cell included in the measurement report:

5>include beam measurement information according to the associated reportConfig as described in 5.5.5.2;

In the eNB to Master Node change procedure of EN-DC(i.e. from LTE to EN-DC), the source eNB will inform the measurement results of the neighbour NR cell to the target MN. Also in the inter-master node handover with/without secondary node change procedure of EN-DC(i.e. from EN-DC to EN-DC), the source eNB will inform the measurement results of the serving NR cell and the  neighbour NR cell to the target MN.  And the RRM-Config of handoverPreparationInformation in 36.331 includes the measurement results of the neighbour NR cell.

RRM-Config ::=



SEQUENCE {


ue-InactiveTime



ENUMERATED {










s1, s2, s3, s5, s7, s10, s15, s20,










s25, s30, s40, s50, min1, min1s20c, min1s40,










min2, min2s30, min3, min3s30, min4, min5, min6,










min7, min8, min9, min10, min12, min14, min17, min20,










min24, min28, min33, min38, min44, min50, hr1,










hr1min30, hr2, hr2min30, hr3, hr3min30, hr4, hr5, hr6,










hr8, hr10, hr13, hr16, hr20, day1, day1hr12, day2,










day2hr12, day3, day4, day5, day7, day10, day14, day19,










day24, day30, dayMoreThan30}

OPTIONAL,


...,


[[
candidateCellInfoList-r10
CandidateCellInfoList-r10

OPTIONAL


]],


[[
candidateCellInfoListNR-r15
MeasResultServFreqListNR-r15

OPTIONAL

]]

}
MeasResultServFreqListNR-r15 ::=
SEQUENCE (SIZE (1..maxServCell-r13)) OF MeasResultServFreqNR-r15
MeasResultServFreqNR-r15 ::=

SEQUENCE {


carrierFreq-r15





ARFCN-ValueNR-r15,


measResultSCell-r15




MeasResultCellNR-r15



OPTIONAL,


measResultBestNeighCell-r15


MeasResultCellNR-r15



OPTIONAL,

...

}

MeasResultCellListNR-r15::=

SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultCellNR-r15

MeasResultCellNR-r15 ::=


SEQUENCE {


pci-r15







PhysCellIdNR-r15,


measResultCell-r15




MeasResultNR-r15,


measResultRS-IndexList-r15


MeasResultSSB-IndexList-r15



OPTIONAL,


...,


[[
cgi-Info-r15





CGI-InfoNR-r15



OPTIONAL


]]

}

MeasResultNR-r15 ::=



SEQUENCE {


rsrpResult-r15





RSRP-RangeNR-r15





OPTIONAL,


rsrqResult-r15





RSRQ-RangeNR-r15





OPTIONAL,


rs-sinr-Result-r15




RS-SINR-RangeNR-r15





OPTIONAL,


...

}

MeasResultSSB-IndexList-r15::=

SEQUENCE (SIZE (1..maxRS-IndexReport-r15)) OF MeasResultSSB-Index-r15

MeasResultSSB-Index-r15 ::=

SEQUENCE {


ssb-Index-r15





RS-IndexNR-r15,


measResultSSB-Index-r15



MeasResultNR-r15




OPTIONAL,


...

}

The inter-node messages in the handover from NR to EN-DC will also use the handoverPreparationInformation of 36.331. Therefore we think the target MN can know the measurement results of the serving and neighbour NR cells in the handover from NR to EN-DC. We merely need to clarify that the candidateCellInfoListNR also include the measurement results in the handover from NR to EN-DC.
Observation 4: The source node needs to inform the target MN of the measurement results of the target SN cells in the inter-system handover from non-DC to DC.  
Observation 5: For the handover from NR to EN-DC, the ASN.1 of 36.331 has supported that the target MN can get the measurement results of the target SN cells from the source gNB.

Also the target MN eNB needs to know whether the UE supports the EN-DC and to know the parameters of EN-DC capability. Therefore the source node needs to inform the target MN of EN-DC capability. According to the ASN.1 of 36.331, LTE RRC has supported this.
HandoverPreparationInformation-r8-IEs ::= SEQUENCE {


ue-RadioAccessCapabilityInfo

UE-CapabilityRAT-ContainerList,

as-Config






AS-Config




OPTIONAL,

-- Cond HO


rrm-Config






RRM-Config




OPTIONAL,


as-Context






AS-Context



OPTIONAL,

-- Cond HO


nonCriticalExtension



HandoverPreparationInformation-v920-IEs

OPTIONAL

}

NOTE 2:
The following table indicates per source RAT whether RAT capabilities are included or not.

	Source RAT
	E-UTRA capabilites
	UTRA capabilities
	GERAN capabilities
	MR DC capabilities

	UTRAN
	Included
	May be included, ignored by eNB if received
	May be included
	May be included

	GERAN CS
	Excluded
	May be included, ignored by eNB if received
	Included
	May be included

	GERAN PS
	Excluded
	May be included, ignored by eNB if received
	Included
	May be included

	E-UTRAN
	Included
	May be included
	May be included
	May be included

	NR
	Included
	May be included, ignored by eNB if received
	May be included
	May be included


Observation 6: The source node needs to inform the target MN of the EN-DC capability.  The ASN.1 of 36.331 has supported that.
Proposal 1: Support NR to EN-DC handover by combining:

i) the existing inter-RAT inter-system handover procedure and,

ii) the existing NR SN  adding procedure.
According to the offline discussion [1], most companies think the delta signalling is not supported during inter-RAT inter-system HO from NR to EN-DC. RAN2 currently only supports the delta signalling for intra-system handover. If RAN2 supports the delta signalling for the inter-RAT inter-system HO, it will increase the complexity of UE and also increase the standardization work. Also RAN2&RAN3 has decided that in-sequence and lossless handovers are not supported in inter-system handover. Therefore it is not necessary to support the delta signalling.
Proposal 2: Delta signalling for the inter-system handover from NR to EN-DC is not supported.
From the above analysis, the source NR node needs to inform the target eNB of some informations (e.g. measurement results of NR cells and EN-DC capability). Therefore the source NR should know whether the UE support the inter-RAT handover from NR to EN-DC. The support of EN-DC is included in E-UTRAN capability container and the support of inter RAT handover from NR to LTE is included in NR capability container. In our understanding, it is strange for NR node to read the content of E-UTRAN capability container and also RAN2 has agreed that other RAT specific capabilities need not be visible to the node of the other RAT. Furthermore, these handover need UE to setup the SCG in the handover produce. UE may need more processing time during the handover. Therefore we think it is necessary to introduce one capability for inter-RAT handover from NR to EN-DC in NR capability container.

Proposal 3: Introduce one capability for inter-RAT handover from NR to EN-DC in NR capability container.

Comparing with the handover from NR to LTE, the handover from NR to EN-DC only need to additional informations for adding the NR SCG. According to the SgNB addition request message in the annex, only the NR UE Security Capabilities and the QoS Parameters need the CN to be involved. These informations are included in the handover request message from MME. Therefore the handover from NR to EN-DC has no impact on CN. The above additional informations are agnostic for RAN3. Therefore RAN3 does not need to be involved.
Observation 7: Handover from NR to EN-DC does not have impacts on the contents of messages in RAN3 
In our understanding, the only difference between NGEN-DC and EN-DC is that the PDCP/SDAP configuration. Therefore, we think it is easy to support the handover from NR to NGEN-DC if the handover from NR to EN-DC is supported. Considering the delta signalling for the inter-RAT intra-system handover between NR and eLTE has been supported, we think the delta signalling for the handover from NR to NGEN-DC can be supported. Similar to the EN-DC, RAN2 needs to introduce one capability for inter-RAT handover from NR to NGEN-DC in capability container.
Proposal 4: Introduce one capability for inter-RAT handover from NR to NGEN-DC in NR capability container.
As to the other inter-system MR-DC handover, we do not see the use cases in the initial phase. Considering the deadline of late drop, we think we can discuss them in Rel-16.
Proposal 5: Rel-15 only supports the setup of EN-DC and NGEN-DC during inter-RAT handover from NR to E-UTRA.
We have prepared draft CRs[2][3][4] for these proposals.
3
Conclusions
The following proposals are made into consideration.
Observation 1: HO to EN-DC may have better mobility performance than HO to NE-DC.  Some operators are likely to deploy EN-DC and not NE-DC in the initial phase. 
Observation 2: Early phase of commercial UEs may support EN-DC but not support NE-DC.
Observation 3: There are use cases that network wants to support the handover from NR to EN-DC.
Observation 4: The source node needs to inform the target MN of the measurement results of the target SN cells in the inter-system handover from non-DC to DC.  
Observation 5: For the handover from NR to EN-DC, the ASN.1 of 36.331 has supported that the target MN can get the measurement results of the target SN cells from the source gNB.

Observation 6: The source node needs to inform the target MN of the EN-DC capability.  The ASN.1 of 36.331 has supported that.
Proposal 1: Support NR to EN-DC handover by combining:

i) the existing inter-RAT inter-system handover procedure and,

ii) the existing NR SN  adding procedure.
Proposal 2: Delta signalling for the inter-system handover from NR to EN-DC is not supported.
Proposal 3: Introduce one capability for inter-RAT handover from NR to EN-DC in NR capability container.

Observation 7: Handover from NR to EN-DC does not have impacts on the contents of messages in RAN3 

Proposal 4: Introduce one capability for inter-RAT handover from NR to NGEN-DC in NR capability container.
Proposal 5: Rel-15 only supports the setup of EN-DC and NGEN-DC during inter-RAT handover from NR to E-UTRA.

We have prepared draft CRs[2][3][4] for these proposals.
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Annex: SgNB Addition request message in 36.423-f30
9.1.4.1
SGNB ADDITION REQUEST

This message is sent by the MeNB to the en-gNB to request the preparation of resources for EN-DC operation for a specific UE
Direction: MeNB ( en-gNB.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	NR UE Security Capabilities
	M
	
	9.2.107
	
	YES
	reject

	SgNB Security Key
	M
	
	9.2.101
	The S-KgNB which is provided by the MeNB, see TS 33.401 [18].
	YES
	reject

	SgNB UE Aggregate Maximum Bit Rate
	M
	
	UE Aggregate Maximum Bit Rate
9.2.12
	The UE Aggregate Maximum Bit Rate is split into MeNB UE Aggregate Maximum Bit Rate and SgNB UE Aggregate Maximum Bit Rate which are enforced by MeNB and en-gNB respectively.
	YES
	reject

	Selected PLMN
	O
	
	PLMN Identity

9.2.4
	The selected PLMN of the SCG in the en-gNB.
	YES
	ignore

	Handover Restriction List
	O
	
	9.2.3
	
	YES
	ignore

	E-RABs To Be Added List
	
	1
	
	
	YES
	reject

	>E-RABs To Be Added Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	

	>>DRB ID
	M
	
	9.2.122
	
	–
	

	>>EN-DC Resource Configuration
	M
	
	EN-DC Resource Configuration
9.2.108
	Indicates the PDCP and Lower Layer MCG/SCG configuration.
	–
	

	>>CHOICE Resource Configuration
	M
	
	
	
	
	

	>>>PDCP present in SN 
	
	
	
	This choice tag is used if the PDCP at SgNB IE in the EN-DC Resource Configuration IE is set to the value "present".
	
	

	>>>>Full E-RAB Level QoS Parameters
	M
	
	E-RAB Level QoS Parameters 9.2.9
	Includes the E-RAB level QoS parameters as received on S1-MME.
	–
	

	>>>>Maximum MCG admittable E-RAB Level QoS Parameters
	C-ifMCGandSCGpresent_GBR
	
	GBR QoS Information 9.2.10
	Includes the GBR QoS Information admittable by the MCG.
	–
	

	>>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	

	>>>>MeNB DL GTP TEID at MCG
	C-ifMCGpresent
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer at MCG. For delivery of DL PDCP PDUs.
	–
	

	>>>>S1 UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1-U transport bearer. For delivery of UL PDUs from the en-gNB.
	–
	

	>>>PDCP not present in SN
	
	
	
	This choice tag is used if the PDCP at SgNB IE in the EN-DC Resource Configuration IE is set to the value "not present".
	
	

	>>>>Requested SCG E-RAB Level QoS Parameters
	M
	
	E-RAB Level QoS Parameters 9.2.9
	Includes E-RAB level QoS parameters requested to be provided by the SCG.
	–
	

	>>>>MeNB UL GTP TEID at PDCP
	M
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer. For delivery of UL PDCP PDUs.
	–
	

	>>>>Secondary MeNB UL GTP TEID at PDCP
	O
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer. For delivery of UL PDCP PDUs in case of PDCP duplication.
	–
	

	>>>>RLC Mode
	M
	
	RLC Mode

9.2.119
	Indicates the RLC mode.
	–
	

	>>>>UL configuration
	C-ifMCGandSCGpresent
	
	9.2.118
	Information about UL usage in the en-gNB.
	–
	

	>>>>PDCP SN Length
	O
	
	9.2.133
	Indicates the PDCP SN length of the bearer.
	YES
	reject

	MeNB to SgNB Container
	M
	
	OCTET STRING
	Includes the CG-ConfigInfo message as defined in TS 38.331 [31].
	YES
	reject

	SgNB UE X2AP ID
	O
	
	en-gNB UE X2AP ID

9.2.100
	Allocated at the en-gNB.
	YES
	reject

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	MeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the MeNB.
	YES
	reject

	Requested split SRBs
	O
	
	ENUMERATED (srb1, srb2, srb1&2, ...)
	Indicates that resources for Split SRB are requested.
	YES
	reject

	MeNB Resource Coordination Information
	O
	
	9.2.116
	Information used to coordinate resources utilisation between MeNB and en-gNB.
	YES
	ignore

	SGNB Addition Trigger Indication
	O
	
	ENUMERATED (SN change, inter-eNB HO, intra-eNB HO, ...)
	This IE indicates the trigger for SGNB Addition procedure.
	YES
	reject

	Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	YES
	ignore

	MeNB Cell ID
	M
	
	ECGI

9.2.14
	Indicates the cell ID for PCell in MeNB.
	YES
	reject
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