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Introduction
In RAN3 WG, 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 prioritized for the WI. One of the agreed SON functions is mobility robustness optimization (MRO). In RAN3#105 an overall solution (including measurement and signalling), based on the peculiarities of NR while taking LTE as baseline, has been agreed as part of a text proposal for MRO [1] and as part of that successful handover has been agreed that concerns underlying issues while the HO is performed successfully. In this paper, we discuss how successful handover related measurement and information can be used to detect and resolve issues particularly in improving handover performance via better configuration of resource at target cell. 

[bookmark: _Ref178064866]Discussion
In connected mode mobility, when a radio link failure happens UE tries to collect and send to the network RRM measurement information as part of RLF report providing a general picture of the radio condition when the failure happened. Network leverages the content of RLF report to detect the type of the failures (Too Early, Too Late or HO to wrong cell). However, a successful handover may not necessarily indicate that all underlying procedures perform optimally. In other words, UE may be very close to failure at the time of performing HO, e.g., running T310 timer at the time of HO execution, or performing RACH over sub-optimal resources that may cause other issues e.g., ping-pong handovers. 
In this regard, and as part of TR 37.816, it has been agreed to include RLM and BFD related information (e.g., timer information and measurements) as well as RRM measurement at target cell upon a successful HO. Therefore, in case of presence of any underlying issue upon a successful HO, a successful handover report can provide the opportunity to have a more robust handover by optimizing:
· dedicated RACH resources at target cell via RRM measurement at target cell upon HO execution
· RLM-BFD resources at source cell via RLM related measurement.
In this paper we focus on how RRM measurement can be used to enhance the performance of the handover procedure and steer the UE to the optimal beams when performing the HO. The use case of optimizing RLM-BFD related resources are discussed in a separate paper [2].
Measurement reporting upon handover execution
In this section we discuss the possibility of having the beam level measurement in successful handover report that can be useful to configure the target beams in a more efficient approach, enhancing the performance of Contention Free RACH Access (CFRA) procedure during HO procedure and steering the UE to the right beam at target cell. 
[bookmark: _Hlk499387230]In NR, as in LTE, target may also benefit in knowing previously performed measurements configured by source. And, it has been agreed that the source can send both cell and beam measurements in HandoverPreparationInformation, as part of the RRM config

[bookmark: _Toc13495622][bookmark: _Toc13495792][bookmark: _Toc13498924][bookmark: _Toc16879009]In NR, as in LTE, the source can provide beam and cell measurements information to target 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). However, while previously performed cell measurements can be considered stable from the handover preparation until the handover execution, it has been acknowledged that beam measurements might not i.e. the best beams at the moment the UE sends the first measurement reports (that may trigger a handover) may be different at the moment the UE finally receives the handover command. This is due to the UE mobility in particular in high mobility scenarios or in high frequency deployments. For that reason, a RACH fallback mechanism has been agreed in RAN2, where the UE can use common resources when RACH access on target configured beams is not successful and where the UE can select any available beam for target RACH in a contention based RACH access (CBRA) fashion. 
[bookmark: _Toc13495623][bookmark: _Toc13495793][bookmark: _Toc13498925][bookmark: _Toc16879010]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 beam measurements and, it could be the case that beam management configurations provided in the handover command, possibly based on previous measurements, might not be the most optimized ones. Hence, it seems natural to deduce 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 (see Figure 1 for more details). 
[image: ]
Figure 1. Beam quality variation at target cell between the time between sending measurement report and performing HO over given resources. Network may benefit by knowing latest measurement upon successful HO.

[bookmark: _Toc13495624][bookmark: _Toc13495794][bookmark: _Toc13498926][bookmark: _Toc16879011]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. 
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, the network also knows that its beam quality shall be 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 RAR and to estimate whether its previously provided beam management configuration is optimal or not. 
[bookmark: _Toc13495625][bookmark: _Toc13495795][bookmark: _Toc13498927][bookmark: _Toc16879012]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. 
While that beam information is sufficient to enable the network to send the RAR in a suitable DL beam, that might not be sufficient to enable the target to confirm whether the beam management configuration, provided in the HO command, is still optimized or not. 
[bookmark: _Toc13495626][bookmark: _Toc13495796][bookmark: _Toc13498928][bookmark: _Toc16879013]Current information may not be sufficient to enable the target to optimize the beam management configuration, if not optimal. 
Hence, beam measurements associated to the target cell could be part of a successful handover report, which is provided to the target cell upon handover execution to enable the target to decide whether the beam management configuration provided in the handover command is still optimal or whether that needs to be re-configured. Hence, we propose the following:
[bookmark: _Toc13495641][bookmark: _Toc13495689][bookmark: _Toc13495790][bookmark: _Toc16879014]RAN3 to agree that the UE can report beam measurements in a successful handover report upon handover execution.
Note that beam measurement not only can be useful for the target cell to reconfigure the beams for the next upcoming handovers, it can be used by the source cell to better tune the UEs for performing RRM measurement for the next handovers.
Similar to any other UE reported information, beam measurement can be solicited via UE information Request/Response procedure via RRC signalling. However, this information should be forwarded from CU to DU where the beam management parameters are configured.
[bookmark: _Toc13495642][bookmark: _Toc13495690][bookmark: _Toc13495791][bookmark: _Toc16879015]RAN3 to agree that the Successful HO Report is forwarded from CU to DU and from target RAN node to source RAN node.
Note that a successful HO report is not required for all successful handovers and that it can be triggered only when sub-optimal beam management configuration is observed upon handover execution phase.  
Conclusion
In section 2 we made the following observations:
Observation 1	In NR, as in LTE, the source can provide beam and cell measurements information to target as part of RRM-config in Handover Preparation Information.
Observation 2	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.
Observation 3	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.
Observation 4	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.
Observation 5	Current information may not be sufficient to enable the target to optimize the beam management configuration, if not optimal.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN3 to agree that the UE can report beam measurements in a successful handover report upon handover execution.
Proposal 2	RAN3 to agree that the Successful HO Report is forwarded from CU to DU and from target RAN node to source RAN node.
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