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Introduction
[bookmark: _GoBack]In RAN3#101bis several Self Organizing Network (SON) functions were discussed as part of the RAN centric data collection and utilization SI and some of the SON functions were also prioritised as candidates to be studied. One of the SON functions agreed to be studied is mobility robustness optimization (MRO).

In this contribution, we provide an overview of the advantages brought in by the MRO related standardization in LTE and we discuss how similar standardization is beneficial in NR. 
[bookmark: _Ref178064866]Discussion
MRO in LTE
Seamless handovers are a key feature of 3GPP technologies. Successful handovers ensure that the UE moves around in the coverage area of different cells without causing too much interruptions in the data transmission. However, there will be scenarios when the network fails to handover the UE to the ‘correct’ neighbor cell in time and in such scenarios the UE will declare a radio link failure (RLF). The RLF will cause a poor user experience as the RLF is declared by the UE only when it realizes that there is no reliable communication channel (radio link) available between itself and the network. The cause for the radio link failure could be one of the following:
1) Expiry of the radio link monitoring related timer T310;
2) Expiry of the measurement reporting associated timer T312 (not receiving the handover command from the network within this timer’s duration despite sending the measurement report when T310 was running);
3) Upon reaching the maximum number of RLC retransmissions;
4) Upon receiving random access problem indication from the MAC entity;
Upon declaring the RLF, the UE performs the re-establishment procedure. Before the standardization of MRO related report handling in the network, only the UE was aware of measurements associated to how the radio quality looked like at the time of RLF, what is the actual reason for declaring RLF etc. For the network to identify the reason for the RLF, the network needs more information, both from the UE and also from the neighboring base stations.
As part of the MRO solution in LTE, the RLF reporting procedure was introduced in the RRC specification in Rel-9. The contents of the measurement report have been enhanced with more details in the subsequent releases. The measurements included in the measurement report based on the latest LTE RRC specification [1] are: 
1) Measurement quantities (RSRP, RSRQ) of the last serving cell (PCell).
2) Measurement quantities of the neighbor cells in different frequencies of different RATs (EUTRA, UTRA, GERAN, CDMA2000).
3) Measurement quantity (RSSI) associated to WLAN Aps.
4) Measurement quantity (RSSI) associated to Bluetooth beacons.
5) Location information, if available (including location coordinates and velocity)
6) Globally unique identity of the last serving cell, if available, otherwise the PCI and the carrier frequency of the last serving cell.
7) Globally unique ID of the Reestablishment cell identity.
8) Globally unique ID or PCI and carrier frequency of the Pcell where the connection failed
9) Time elapsed since the last HO initialization until connection failure.
10) Connection failure type (RLF or handover failure)
11) RLF-cause (T310 expiry, random access problem, RLC-maximum retransmissions, or T312 expiry)
12) Tracking area code of the PCell.
13) Time elapsed from the connection failure till the report of the RLF Report.
14) C-RNTI used in the previous serving cell.
15) Whether or not the UE was configured with a DRB having QCI value of 1.
The measurements are stored by the UE upon declaring RLF. The UE can then indicate to the serving cell in which it performs reestablishment that it has measurements associated to RLF to share with the network. This information can be obtained from the UE by any serving cell to which the UE attaches. However, these measurements are typically obtained by the cell in which the UE performs reestablishment via UEInformationRequest and UEInformationResponse related framework. 
1. [bookmark: _Toc181758][bookmark: _Toc183184][bookmark: _Toc186052][bookmark: _Toc869286][bookmark: _Toc879575][bookmark: _Toc992045]RLF-reporting from the UE was introduced in Rel-9 and the report contents have been enhanced with different measurements over the next releases.
1. [bookmark: _Toc181759][bookmark: _Toc183185][bookmark: _Toc186053][bookmark: _Toc869287][bookmark: _Toc879576][bookmark: _Toc992046]The UE uses the UEInformationRequest and UEInformationResponse framework to report the RLF report to the cell in which it reestablishes.
Based on the contents of the RLF report (especially the Globally unique identity of the last serving cell), the cell in which the UE reestablishes can forward the RLF report to the last serving cell. This forwarding of the RLF report is done to aid the original serving cell with tuning of the handover related parameters as the original serving cell was the one who had configured the parameters associated to the UE that led to the RLF.
1. [bookmark: _Toc181760][bookmark: _Toc183186][bookmark: _Toc186054][bookmark: _Toc869288][bookmark: _Toc879577][bookmark: _Toc992047][bookmark: _Hlk159348]The RAN node hosting the cell in which the UE reestablishes forwards the RLF report to the RAN node hosting UE’s last serving cell so that the last serving RAN node can further analyze the reason that led to the RLF.
Two different types of inter-node MRO messages have been standardized in LTE, namely
· Radio link failure indication 
· Handover report. 
Radio link failure indication 
Radio link failure indication procedure is used to transfer information regarding RRC re-establishment attempts or received RLF reports between eNBs. This message is sent from the eNB in which the UE performs reestablishment to the eNB which hosted the previous serving cell of the UE. The contents of the RLF indication message is given below.
9.1.2.18	RLF INDICATION
This message is sent by the eNB2 to indicate an RRC re-establishment attempt or a reception of an RLF Report from a UE that suffered a connection failure at eNB1.
Direction: eNB2  eNB1.
IE/Group Name
Presence
Range
IE type and reference
Semantics description
Criticality
Assigned Criticality
Message Type
M

9.2.13

YES
ignore
Failure cell PCI
M

INTEGER (0..503, …)
Physical Cell Identifier
YES
ignore
Re-establishment cell ECGI
M

ECGI
9.2.14

YES
ignore
C-RNTI
M

BIT STRING (SIZE (16))
C-RNTI contained in the RRC Re-establishment Request message (TS 36.331 [9])
YES
ignore
ShortMAC-I
O

BIT STRING (SIZE (16))
ShortMAC-I contained in the RRC Re-establishment Request message (TS 36.331 [9])
YES
ignore
UE RLF Report Container
O

OCTET STRING
RLF -Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [9])
YES
ignore
RRC Conn Setup Indicator
O

ENUMERATED(RRC Conn Setup, ...)
Included if the RLF Report within the UE RLF Report Container IE is retrieved after an RRC connection setup or an incoming successful handover
YES
reject
RRC Conn Reestab Indicator
O

ENUMERATED(reconfigurationFailure, handoverFailure, otherFailure, ...)
The Reestablishment Cause in RRCConnectionReestablishmentRequest message(TS 36.331 [9])
YES
ignore
UE RLF Report Container for extended bands
O

OCTET STRING
RLF-Report-v9e0 IE contained in the UEInformationResponse message (TS 36.331 [9])
YES
ignore


Handover report 
To aid the serving cell to classify a handover as ‘too-late’ handover, the RLF reporting from the RAN node hosting the reestablishment cell to the original source RAN node is enough. To classify a handover as ‘too early’ or ‘handover to wrong cell’, the serving cell may further benefit from ‘handover report’ message which includes the following parameters:
9.1.2.19	HANDOVER REPORT
This message is sent by the eNB1 to report a handover failure event or other critical mobility problem.
Direction: eNB1  eNB2.
IE/Group Name
Presence
Range
IE type and reference
Semantics description
Criticality
Assigned Criticality
Message Type
M

9.2.13

YES
ignore
Handover Report Type
M

ENUMERATED (HO too early, HO to wrong cell, …, InterRAT ping-pong)

YES
ignore
Handover Cause
M

Cause
9.2.6
Indicates handover cause employed for handover from eNB2
YES
ignore
Source cell ECGI
M

ECGI
9.2.14
ECGI of source cell for handover procedure (in eNB2)
YES
ignore
Failure cell ECGI
M

ECGI
9.2.14
ECGI of target cell for handover procedure (in eNB1)
YES
ignore
Re-establishment cell ECGI
C-
ifHandoverReportType HoToWrongCell

ECGI
9.2.14
ECGI of cell where UE attempted re-establishment
YES
ignore
Target cell in UTRAN
C-
ifHandoverReportType InterRATpingpong

OCTET STRING
Encoded according to UTRAN Cell ID in the Last Visited UTRAN Cell Information IE, as defined in in TS 25.413 [24]
YES
ignore
Source cell C-RNTI
O

BIT STRING (SIZE (16))
C-RNTI allocated at the source eNB (in eNB2) contained in the AS-config (TS 36.331 [9]).
YES
ignore
Mobility Information
O

BIT STRING (SIZE (32))
Information provided in the HANDOVER REQUEST message from eNB2.
YES
ignore
UE RLF Report Container
O

OCTET STRING
The UE RLF Report Container IE received in the RLF INDICATION message.
YES
ignore
UE RLF Report Container for extended bands
O

OCTET STRING
The UE RLF Report Container for extended bands IE received in the RLF INDICATION message.
YES
ignore

Condition
Explanation
ifHandoverReportType HoToWrongCell
This IE shall be present if the Handover Report Type IE is set to the value "HO to wrong cell"
ifHandoverReportType InterRATpingpong
This IE shall be present if the Handover Report Type IE is set to the value "InterRAT ping-pong"


[bookmark: _Toc181761][bookmark: _Toc183187][bookmark: _Toc186055]Based on the RLF report from the UE and the knowledge about in which cell the UE reestablished itself, the original source cell can deduce whether the RLF was caused due to a coverage hole or due to handover associated parameter configurations. If the RLF was deemed to be due to handover associated parameter configurations, the original serving cell can further classify the handover related failure as too early, too late or handover to wrong cell classes. These handover failure classes are explained in brief below.
1) Whether the handover failure occurred due to the ‘too late handover’ cases
The original serving cell can classify a handover failure to be ‘too late handover’ when the original serving cell fails to send the handover command to the UE associated to a handover towards a particular target cell and if the UE reestablishes itself in this target cell post RLF. 
An example corrective action from the original serving cell could be to initiate the handover procedure towards this target cell a bit earlier by decreasing the CIO (cell individual offset) towards the target cell, that controls when the UE sends the event triggered measurement report that leads to taking the handover decision.
2) Whether the handover failure occurred due to the ‘too early handover’ cases
The original serving cell can classify a handover failure to be ‘too early handover’ when the original serving cell is successful in sending the handover command to the UE associated to a handover however the UE fails to perform the random access towards this target cell, and if the UE reestablishes itself in the original serving cell post RLF.
An example corrective action from the original serving cell could be to initiate the handover procedure towards this target cell a bit later by increasing the CIO (cell individual offset) towards the target cell that controls when the IE sends the event triggered measurement report that leads to taking the handover decision.
3) Whether the handover failure occurred due to the ‘handover to wrong cell’ cases
The original serving cell can classify a handover failure to be ‘handover to wrong cell’ when the original serving cell intends to perform the handover for this UE towards a particular target cell but the UE declares the RLF and reestablishes itself in a third cell.
A corrective action from the original serving cell could be to initiate the measurement reporting procedure that leads to handover towards the target cell a bit later by increasing the CIO (cell individual offset) towards the target cell or via initiating the handover towards the cell in which the UE reestablished a bit earlier by decreasing the CIO towards the reestablishment cell.
1. [bookmark: _Toc869289][bookmark: _Toc879578][bookmark: _Toc992048]Based on the RLF report contents and the inter-node communication of such RLF reports via RLF indication procedure and handover report procedure, the source RAN node can identify whether the handover failure occurred due to the too-early handover, too-late handover or handover-to-wrong-cell cases.
1. [bookmark: _Toc181762][bookmark: _Toc183188][bookmark: _Toc186056][bookmark: _Toc869290][bookmark: _Toc879579][bookmark: _Toc992049]Based on the classification of handover failure cases, the serving RANnode can tune the measurement reporting related thresholds/offsets (e.g., A3 offset) and timers (e.g., TTT).  
MRO in NR
The handover associated problems that were identified during LTE are expected to be applicable in NR as well. In most implementation of NR handover procedure, like LTE, the handover is based on the measurement reports sent by the UE. The measurement report sent by the UE acts as an indication to the network to trigger the inter-node communication (handover request and the respective acknowledgement) that enables the UE to be directed to access the target cell. 
Considering the wide range of frequencies in which the NR is expected to operate (sub GHz to mmW bands), the reference signals will have sharper channel degradations compared to reference signals used in LTE and thus the mobility robustness related challenges will be part of NR deployments as well. Therefore, the frameworks designed to improve the mobility robustness in LTE can be taken as the baseline for NR.

1. [bookmark: _Toc992055][bookmark: _Toc528874057][bookmark: _Toc528874041][bookmark: _Toc528873969][bookmark: _Toc528871125][bookmark: _Toc528869725][bookmark: _Toc528869712][bookmark: _Toc528851395][bookmark: _Toc528835232][bookmark: _Toc528830805][bookmark: _Toc528830776][bookmark: _Toc536686886][bookmark: _Toc181769][bookmark: _Toc183195][bookmark: _Toc186064][bookmark: _Toc869301][bookmark: _Toc879594][bookmark: _Toc879862][bookmark: _Toc528665679]To consider the LTE MRO solution as the baseline for MRO in NR 
1. [bookmark: _Toc992056]To consider the LTE RLF reporting from the UE and propagation of the RLF Reporting across RAN nodes as baseline for MRO in NR.
Conclusion
In section 2 we made the following observations:
Observation 1	RLF-reporting from the UE was introduced in Rel-9 and the report contents have been enhanced with different measurements over the next releases.
Observation 2	The UE uses the UEInformationRequest and UEInformationResponse framework to report the RLF report to the cell in which it reestablishes.
Observation 3	The RAN node hosting the cell in which the UE reestablishes forwards the RLF report to the RAN node hosting UE’s last serving cell so that the last serving RAN node can further analyze the reason that led to the RLF.
Observation 4	Based on the RLF report contents and the inter-node communication of such RLF reports via RLF indication procedure and handover report procedure, the source RAN node can identify whether the handover failure occurred due to the too-early handover, too-late handover or handover-to-wrong-cell cases.
Observation 5	Based on the classification of handover failure cases, the serving RANnode can tune the measurement reporting related thresholds/offsets (e.g., A3 offset) and timers (e.g., TTT).

Based on the discussion in section 2 we propose the following:
Proposal 1	To consider the LTE MRO solution as the baseline for MRO in NR
Proposal 2	To consider the LTE RLF reporting from the UE and propagation of the RLF Reporting across RAN nodes as baseline for MRO in NR.
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