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1
Introduction

In WI NR_SON_MDT, Mobility Robustness Optimisation (MRO) is agreed as one of the objectives. In the previous meetings, the connection failures of intra-system/inter-system mobility were discussed. And some agreements were achieved and caught into TS 38.300 and other specifications. But we didn't discuss the impacts of NG-RAN nodes with 2 different RAT E-UTRAN and NR on MRO. 

In RAN3-105b meeting, we had the agreements:

	In failure indication over Ng, include the RLF report

HO report procedure over NG and S1 shall be supported


In RAN2-107b meeting, RAN2 had agreements about NR RLF report:
	For RLF report:

2-1    Reuse the following RLF report parameters inherited from LTE for NR RLF report:

- The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure).

- The CGI of the cell towards which the UE wants to initiate re-establishment attempt.

- The CGI of the cell that served the UE at the last handover initialization.

- Time elapsed since the last handover initialization until the RRC connection failure.

- An indication whether the RRC connection failure was due to RLF or handover failure.

- C-RNTI allocated for the UE in the last serving cell.

- RLF trigger of the last RLF that was detected.

- Time elapsed from the RRC connection failure till RLF Report signalling.


This paper discusses the impacts of NG-RAN nodes with E-UTRAN and NR on MRO, referring to the agreements in RAN2 and RAN3.   
2
Discussion

NG-RAN nodes consist of gNB and ng-eNB, which have different RAT type. gNB’s RAT type is NR, ng-eNB’s RAT type is E-UTRAN. The hybrid deployments with 2 kinds of NG-RAN nodes are possible.
Let’s discuss a scenario as following figure:
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Figure 1: Scenario1 for inter-system mobility

In Figure 1, eNB1 connects to EPC; gNB1 and ng-eNB1 connect to 5GC.

An UE is handed over to gNB1 from eNB1 successfully. It’s inter-system handover. But radio link failure happens soon. The UE re-connects to ng-eNB1 with RRC connection setup procedure. The UE generates a RLF report about the failure in eNB1, which means the report is a LTE RLF report. So the UE has to send the LTE RLF report to a node with E-UTRAN RAT. As showed in Figure 1, UE sends the LTE RLF report to ng-eNB1 after it connects to ng-eNB1.

ng-eNB1 can understand the LTE NR report. It can conclude the RLF happens in eNB1 according to the CGI of the failed cell in the LTE RLF report. ng-eNB1 sends the RLF report to eNB1 by Ng/S1 messages. At present an IE Inter-system SON Configuration Transfer is defined in TS38.413 as in the Tdoc R3-196155, and is used to transfer inter-system SON information in Ng messages UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER and S1 messages eNB/MME CONFIGURATION TRANSFER. The IE includes just a sub-IE inter-system HO report. It’s not appropriate to transfer just RLF report as a failure indication with the sub IE, because the sub IE includes some mandatory information which is useless for a failure indication.
Proposal 1:
Add the information of Failure Indication into the definition of Inter-system SON Configuration Transfer in TS 38.413. 

eNB1 decodes the LTE NR report and get the information in the report, such as the CGI of the cell that served the UE at the last handover initialization, the CGI of the failed cell, Time elapsed since the last handover initialization until the RRC connection failure. According these information, eNB1 can conclude the source node of the inter-system handover is gNB1, the target node is eNB1 and RLF happened very soon after successful handover. But it cannot conclude the cell UE re-connects to after RLF. And the information of the cell the UE re-connects to after RLF should be sent to the source node, because the source node needs the information to optimize its handover decision. 
A solution for the issue is to add the information in LTE RLF report. In addition, same issue exists in NR RLF report, given RAN2’s agreements about RLF report in the last RAN2 meeting. So the information should be included in NR RLF report as well.
Proposal 2:
Add the information of the CGI of the cell the UE connects to after RLF into the definition of NR RLF report and LTE RLF report. It should inform RAN2 to take it into account.
Finally eNB1 inform the source node of the inter system handover to indicate a RLF after successful inter system handover, with an inter-system handover report. It might be unnecessary to send RLF report to another node with different RAT, because the node could have no capacity to understand the RLF report. It means it needs to enhance inter-system handover report to transfer the information of the cell the UE re-connects to after RLF. The information of the cell could be a CGI of NG-RAN cell.

The scenario on the contrary is possible. For example, an UE is handed over to a gNB from an eNB and encounter RLF soon after successful handover, then re-connect another eNB, but has to send NR RLF report until the UE connects to another gNB. Similarly, the information of the cell the UE re-connects to after RLF should be send to the source node. In the scenario, the information of the cell could be a CGI of E-UTRAN cell.
Proposal 3: 
Add the information of the CGI of the cell the UE connects to after RLF in inter system handover report defined in TS 38.413. The cell could be a NR-RAN cell or E-UTRAN cell.

Let’s discuss another scenario with intra system handover. For example, an UE is handed over to a gNB from an ng-eNB and encounter RLF soon after successful handover, then re-connect another ng-eNB, but has to send NR RLF report until the UE connects to another gNB. Similarly, the information of the cell the UE re-connects to after RLF should be send to the source node. 

Proposal 4: 
Reuse the IE Re-establishment cell CGI in SON information defined in TS 38.413 to transfer the information of the CGI of the cell the UE connects to after RLF.
3
Conclusions
This paper discusses the impacts of NG-RAN nodes with different RAT type on MRO, referring to the agreements in RAN2 and RAN3.   

Proposal 1:
Add the information of Failure Indication into the definition of Inter-system SON Configuration Transfer in TS 38.413. 

Proposal 2:
Add the information of the CGI of the cell the UE connects to after RLF into the definition of NR RLF report and LTE RLF report. It should inform RAN2 to take it into account.
Proposal 3: 
Add the information of the CGI of the cell the UE connects to after RLF in inter system handover report defined in TS 38.413. The cell could be a NR-RAN cell or E-UTRAN cell.

Proposal 4: 
Reuse the IE Re-establishment cell CGI in SON information defined in TS 38.413 to transfer the information of the CGI of the cell the UE connects to after RLF.
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Annex –TP to TS 38.413
============ Beginning of 1st change ==============
9.3.3.Y4
HO Report 

This IE contains the HO report to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Handover Report Type
	M
	
	ENUMERATED (HO too early, HO to wrong cell, Inter System ping-pong, …)
	

	Handover Cause
	M
	
	Cause

9.2.3.1
	Indicates handover cause employed for handover from source cell

	Source cell CGI
	M
	
	NG-RAN CGI

9.3.1.73
	NG-RAN CGI of the source cell for handover procedure

	Target cell CGI
	C- ifUERLFReportContainerAbsent 
	
	NG-RAN CGI 9.3.1.73
	NG-RAN CGI of the target cell for handover procedure. 

If the Handover Report Type is set to “Inter System ping-pong”, it contains the target cell of the inter system handover from the other system to NG-RAN node  cell

	Re-establishment cell CGI
	C-

ifHandoverReportType HoToWrongCell
	
	NG-RAN CGI 9.3.1.73
	NG-RAN CGI of the cell where UE attempted re-establishment or NG-RAN CGI of cell where UE re-connect to

	Source cell C-RNTI
	O
	
	BIT STRING (SIZE (16))
	C-RNTI allocated at the source NG-RAN node

	Target cell in E-UTRAN
	C-

ifHandoverReportType Intersystempingpong
	
	E-UTRA CGI

9.3.1.9
	E-UTRA CGI of the E-UTRAN target cell for handover procedure

	Mobility Information
	O
	
	BIT STRING (SIZE (32))
	Information provided in the HANDOVER REQUEST message from the source NG-RAN node

	UE RLF Report Container
	O
	
	OCTET STRING
	The UE RLF Report Container IE received in the FAILURE INDICATION message.


	Condition
	Explanation

	ifHandoverReportTypeHoToWrongCell
	This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"

	ifHandoverReportTypeIntersystempingpong
	This IE shall be present if the Handover Report Type IE is set to the value "Inter System ping-pong"

	ifUERLFReportContainerAbsent
	This IE shall be present if the UE RLF Report Container IE is absent 


9.3.3.Y5
Inter-system HO Report 

This IE contains the Inter-system HO report to be transferred.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Handover Report Type
	M
	
	
	

	>Too early Inter-system HO 
	
	
	
	

	>>Source cell ID
	M
	
	E-UTRA CGI

9.3.1.9
	CGI of the source cell for the HO. 

	>>Failure cell ID
	M
	
	NG-RAN CGI 9.3.1.73
	CGI of the target cell for the HO.

	>>Selected cell ID
	O
	
	Global CGI

9.1.3.X1
	CGI of the cell UE re-connect to

	>>UE RLF Report Container
	FFS
	
	OCTET STRING
	

	>Inter-system Unnecessary HO
	
	
	
	

	>>Source cell CGI
	M
	
	NG-RAN CGI 9.3.1.73
	Source NR cell in NG-RAN

	>>Target cell CGI
	M
	
	E-UTRA CGI

9.3.1.9
	Target cell in E-UTRAN

	>>Early IRAT HO
	M
	
	ENUMERATED (no, yes, ...)
	Is set to “yes” if the measurement period expired due to an inter-RAT handover towards NR executed within the configured measurement duration and otherwise set to “no”

	>>Candidate Cell List
	
	1
	
	

	>>>Candidate Cell Item
	
	1,, .. <maxnoofCandidateCells>
	
	

	>>>>Candidate Cell ID
	M
	
	NR CGI
9.3.1.7
	This IE contains an NR CGI.

	>>>Candidate PCI List
	
	0..1
	
	

	>>>>Candidate PCI Item
	
	1 .. <maxnoofCandidateCells>
	
	

	>>>>>Candidate PCI
	M
	
	INTEGER (0..1007)
	This IE includes the Primary Cell Identifier of detected cells not included in the Candidate Cell List IE and for which an NR CGI could not be derived.

	>>>>>Candidate NR ARFCN
	M
	
	INTEGER (0.. maxNARFCN)
	RF Reference Frequency as defined in TS 38.104 [r2], section 5.4.2.1. The frequency provided in this IE identifies the absolute frequency position of the reference resource block (Common RB 0) of the carrier. Its lowest subcarrier is also known as Point A.


	Range bound
	Explanation

	maxnoofCandidateCells
	Maximum no. of candidate cells.

	maxNARFCN
	Maximum value of NR carrier frequency, defined in TS 38.331 [18]


============ End of 1st change ==============
============ Beginning of 2nd change ==============

9.3.1.X1
Global CGI
This IE is used to globally identify a cell in NG-RAN or E-UTRAN.

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

	CHOICE Global CGI
	M
	
	
	

	>NG-RAN
	
	
	
	

	>>NG-RAN CGI
	M
	
	9.3.1.73
	

	>E-UTRA
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.3.1.9
	


============ End of 2nd change ==============
============ Beginning of 3rd change ==============

9.3.3.Y2
Inter-system SON Information Report

This IE contains the configuration information to be transferred.

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

	CHOICE SON Information Report 
	M
	
	
	

	   >HO Report Information
	
	
	
	

	>> Inter-system HO Report
	M
	
	9.3.3.Y5
	

	>Failure Indication Information
	
	
	
	

	>> Inter-system Failure Indication
	M
	
	Failure Indication 9.3.3.Y3
	


============End of 3rd change ==============
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