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Introduction
In RAN3#103 the MRO TP has been agreed as part of the TR 38.816 regarding the solution for mobility robustness optimization. A part of agreed solution discusses the report of a successful handover information. Successful handover report concerns the cases when UE observe some issues at lower layers (e.g., RLM issues, variation on the beam quality) although the handover is performed successfully. The solution is FFS, and in this paper, we explain our view on the successful handover report procedure, its potential content and required Xn based signalling. 

[bookmark: _Ref178064866]Discussion
While NR can borrow concepts of reporting mobility related failure information from LTE, reporting information after a successful handover can be deemed very beneficial for the mobility robustness optimization. In NR, like in LTE, the handover is based on the measurement reports sent by the UE. However, considering the wide range of frequencies in which the NR is expected to operate (sub-GHz to mmW bands), the reference signals used by UEs to perform measurements will suffer from more abrupt power fluctuations compared to more robust frequency bands in LTE. Hence, in NR the handover procedure may work with more performance variations, so that the UE may observe issues during a successful handover procedure, e.g. at physical layer, even though the handover is successfully performed.
In our understanding, reporting information of a successful handover that was subject to failure events allows for a more robust optimization of mobility control parameters in NR. Issues related to successful handovers may be collected via a new report type, e.g., the successful handover report, which can help preventing potential handover failures in the future. A successful handover report may highlight two different issues including 
· Beam quality variations at target cell leading to RACH fallback when performing the HO,
· RLM related issues when performing the HO,
The above-mentioned issues are discussed in the sections 2.1 and 2.2, respectively. Successful handover report may require an Xn based signaling that is discussed in section 2.3.
Measurement reporting upon handover execution
[bookmark: _Hlk499387230]In the following, we discuss the possibility of reporting beam level measurements upon a successful handover that can be useful to configure the target beams in a more efficient way, enhancing the performance of Collision Free Random Access (CFRA) procedures during HO procedure. 
In NR, as in LTE, target may also benefit in knowing previously performed measurements configured by source node. And, it has been agreed in RAN2#99 Berlin that the source can send both cell and beam measurements in HandoverPreparationInformation, as part of the RRM config.
[bookmark: _Toc426112][bookmark: _Toc1030531][bookmark: _Toc6929748][bookmark: _Toc6932030]In NR, as in LTE, the source RAN node can provide beam and cell measurements information to target RAN node as part of RRM-config in Handover Preparation Information.
The main purpose of the cell measurements is to enable the target to possibly setup DC and/or CA, while beam measurements can be used in target to allocate contention free resources per beam or optimize handover decisions (e.g. by prioritizing cells with more stable beams). In addition, these beam measurements could also be used by target as input for the beam management configuration(s) to be provided to the UE. For example, in order to limit the amount of L1 beam reporting after the handover, the target may decide to configure at the UE monitoring of a limited amount of CSI-RS resources and QCL with a subset of SSBs.
However, there is one difference between LTE and NR when it comes to target cell measurements reported at HO preparation. While in LTE the performed cell measurements can be considered stable from the handover preparation until the handover execution, it has been acknowledged that in NR beam measurements might not ramin stable. Namely, the best beams at the moment the UE sends the first measurement reports that may trigger a handover may not remain the best at the time the UE finally receives the handover command. This is mainly due to UE mobility. For that reason, a RACH fallback mechanism has been agreed in RAN2 where the UE can use common RACH resources when beam selection upon handovers leads to a beam that was not configured by the target with contention free resources for the UE. 
[bookmark: _Toc426113][bookmark: _Toc1030532][bookmark: _Toc6929749][bookmark: _Toc6932031]In NR, best beams of target cell may change from the time the target receives the HO preparation to the time the UE performs HO execution. Hence, a RACH fallback mechanism was agreed in RAN2.
When that RACH fallback is used, the UE most likely has updated versions of beam measurements and it could be the case that beam management configurations provided in the handover command, based on previous measurements, might not be the most optimized ones. 	
Hence, it seems natural that the target could benefit from beam measurements performed between the time the UE has sent the last measurement report until the time it has performed a handover execution. One aspect to note is that random access has a beam selection component i.e. upon receiving the preamble during HO execution, the network knows which DL beam has been selected by the UE. And, thanks to the agreed absolute threshold per beam configured at the UE for beam selection, the network also knows that the quality of the beam selected for RACH is above the configured threshold. Hence, to certain extent, upon handover execution the target cell obtains an update beam measurement information in the sense that it knows at least one suitable beam to send the Random Access Response (RAR) was available. This already helps understanding if the previously provided beam management configuration is optimal or not. 
In light of the above the following is proposed
[bookmark: _Toc426114][bookmark: _Toc1030533][bookmark: _Toc6929750][bookmark: _Toc6932032]In NR, the target can benefit of knowing updated beam measurements performed between the time the UE has send the last measurement report until the time the UE has performed a handover execution. 
[bookmark: _Toc426115][bookmark: _Toc1030534][bookmark: _Toc6929751][bookmark: _Toc6932033]In NR, random access provides the target with some beam measurement information provided by the UE, thanks to the preamble being mapped to a DL beam, which is chosen only if the beam signal is above a pre-set threshold. 
[bookmark: _Toc1030537][bookmark: _Toc1060865]It is proposed to capture an MRO solution based on reporting from the UE of beam measurements and information concerning the executed (successful) handover (in case such handover is subject to sub-optimal performance) when the UE accesses the target cell.
Radio link related issues when performing HO
Connected mode mobility is a network-controlled operation via handover procedure. However, if the handover procedure does not work properly, as a fallback, a failure detection and counter-action at the UE has been specified in 3GPP TS 38.331[1], the so-called Radio Link Failure (RLF) handling procedure. That RLF procedure is typically triggered when something unexpected happens in any of the mobility related procedures. That is detected thanks to some interactions between RRC and lower layer protocols such as L1, MAC, RLC, etc. In the case of L1, a procedure called radio link monitoring has been introduced.   
Radio link monitoring (RLM) is a mechanism to identify and declare radio link failure, if the UE is not able to decode PDCCH under certain condition. One of the main differences in the NR RLM functionality, compared to LTE, is the flexibility of the network in RLM parameters configurations. In fact, in NR, due to the wide range of frequencies and diversity of envisioned deployments and services, RLM is a configurable procedure. In NR, the network may configure the following parameters for RLM purpose 
i) Different RS types (SS/PBCH block and CSI-RS), 
ii) The exact RLM RS resources to be monitored and the exact configuration to generate In-Sync/OutOfSync indications, 
iii) The BLER thresholds (Q_in, Q_out) to generate IS/OOS events to be indicated to the higher layers.
When UE is configured to perform RLM on RLM-RS resource(s),
1. Periodic IS (in-sync) is indicated when the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold, and
2. Periodic OOS (out of sync) is indicated when the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold.
Observing N310 consecutive OOS events, triggers RLF timer that indicates the UE is in a near-RLF condition. A re-establishment procedure should start right after expiry of T310 timer, as shown in Figure 2.3-1. In handover procedure, once the UE provides the measurement report to the network, the serving gNB triggers HO preparation and it receives from target gNB the handover command including the dedicated RACH-beam resources (to perform the HO) . Upon receiving the handover command, serving gNB configures the MobilityControl in an RRCReconfiguration message and sends it to the UE to perform the handover to a cell belonging to the target gNB. 
Generally, when network sends the handover command to the UE, three different scenarios may occur, as shown in Figure 2.3-1.
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Figure 2.3-1: Different scenarios upon reception of RRCReconfiguration including mobilityControlInfo.   
1) UE decodes the MobilityControl parameters and performs the handover to the target cell
2) UE decodes the MobilityControl parameters and performs the handover to the target cell when N310 OOS event happened and T310 timer started running
3) UE fails to decode the MobilityControl parameters, as it is sent from network after RLF happening in UE.
Among the mentioned points above, case 1 is an expected handover condition where the UE is able to decode the RRCreconfiguration message before any issue at lower layers. Case 3 causes handover failure, and RLF report will be produced to be reported after a successful RRC re-establishment. However, case 2, is what could be called a near-RLF condition and it is not covered by the current reports concerning mobility robustness optimization. Near-RLF condition concerns the RLM issues, when the UE monitors the RLM RS resources transmitted over PDCCH, while network leverages different beamforming at link beam to transmit RRCReconfiguration via PDSCH, as illustrated in Figure 2.3-2.
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Figure 2.3-2: In a schematic view, RLM resources are transmitted over wider beams compared to the RRCReconfiguration message transmitted over narrower link beams.
In near-RLF condition, there might be a possibility that UE is able to decode the RRCReconfiguration message (including the MobilityControl IE), while the measured RSRP value of RLM RS resources are lower than Q-out threshold for N310 times, and hence timer T310 is running. 
[bookmark: _Toc426111][bookmark: _Toc1030530][bookmark: _Toc6929747][bookmark: _Toc6932029]In NR, RLM resources are dedicated to the UE via PDCCH, likely using a wider control beam, while RRCReconfiguration including mobilityControl IE is received by the UE on PDSCH most likely using a narrower link beam. 
In NR, due to the different beam configurations at PDCCH and PDSCH, there is a possibility that a UE observes problem in RLM (UE fails to decode PDCCH), while decoding RRCReconfiguration at PDSCH, and perform HO successfully.
It is proposed to capture a solution based on reporting from the UE of RLM related issues at cell borders upon execution of a successful handover, when accessing the target cell. 
Therefore, the mentioned near-RLF condition indicates that the UE is likely very close to a radio link failure To report the RLM related issues UE can log/report the following information:
· Number of observed OOS, 
· Timer T310 (if running)
· Measurement of RLM RS resources in terms of RSRP, RSRQ, SINR, etc.   
It is proposed capture a solution based on  reporting from the UE of the number of observed OOS and T300 timer value to the network as part of a successful HO report. 
Xn signalling for a successful HO report
Once the target cell received the successful handover report, it may inform the serving cell about the potential issues at RLM via Xn based signalling. Similar to RLF reporting mechanism over Xn interface, a successful handover report can be signalled over the Xn interface to the last serving cell. The source gNB can process successful HO report to optimize the measurement report triggering thresholds (e.g., A3 event triggering threshold) in such a way that the UE receives the handover command including mobility control parameters within a proper time window before RLM issues. In addition, network can use such information to configure the RLM RS resources dedicating more suitable beams for RLM purposes, or via a better beam configuration and adaptation to mitigate the mismatch between link beam and control beams’ coverage. 
It is proposed to capture a solution based on Xn signaling of the successful handover information reported by the UE at target RAN node between RAN nodes involved in the handover process. 
It is worth noting that successful handover reporting does not bring any computational overhead for UEs. In fact, successful handover information will be reported to the network only if the RLM related issues or drastic changes in signal quality are observed. 
When such issues are detected a UE would need anyhow to start storing information in preparation for the generation of an RLF Report. Hence from a UE point of view the only extra process would be that of reporting the information to the network.
The network can configure the UE with triggering conditions to be met to compile the successful handover report, limiting the UE to report the relevant cases indicating detected underlying issues.
Conclusion
In section 2 we made the following observations:
1. In NR, as in LTE, the source RAN node can provide beam and cell measurements information to target RAN node as part of RRM-config in Handover Preparation Information.
In NR, best beams of target cell may change from the time the target receives the HO preparation to the time the UE performs HO execution. Hence, a RACH fallback mechanism was agreed in RAN2.
In NR, the target can benefit of knowing updated beam measurements performed between the time the UE has send the last measurement report until the time the UE has performed a handover execution. 
In NR, random access provides the target with some beam measurement information provided by the UE, thanks to the preamble being mapped to a DL beam, which is chosen only if the beam signal is above a pre-set threshold. 
In NR, RLM resources are dedicated to the UE via PDCCH, likely using a wider control beam, while RRCReconfiguration including mobilityControl IE is received by the UE on PDSCH most likely using a narrower link beam. 
In NR, due to the different beam configurations at PDCCH and PDSCH, there is a possibility that a UE observes problem in RLM (UE failes to decode PDCCH), while decoding RRCReconfiguration at PDSCH, and perform HO successfully.
Based on the discussion in section 2 we propose the following:

1. It is proposed to study whether the UE can report beam measurements and information concerning the executed (successful) handover upon handover execution, when accessing the target cell.
It is proposed to study whether UE can report RLM related issues at cell borders upon execution of a successful handover, when accessing the target cell. 
It is proposed to study whether UE can report the number of observed OOS and T300 timer value, beside the measurement of the RLM RS resources to the network as part of a successful HO report. 
It is proposed to investigate the required Xn signaling of the successful handover information reported by the UE at target RAN node between RAN nodes involved in the handover process. 
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