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Introduction
[bookmark: _Ref178064866]One of the agreed SON functions to be standardized during WI phase is mobility robustness optimization (MRO). 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 (e.g., RLM, or sub-optimal RACH configuration) while the HO is performed successfully. In this paper, we discuss how the content concerning RLM-BFD related measurement, as part of successful handover report agreed in TR 37.814, can be leveraged to detect and resolve underlying issues when performing handovers successfully.  
Discussion
The handover associated problems that were identified in LTE are expected to be potentially applicable to NR as well. In most implementations of NR handover procedures, like in LTE, the handover is based on the measurement reports sent by the UE. Considering the wide range of frequencies in which the NR is expected to operate (sub GHz to mmW bands), the reference signals (e.g., SSB, CSI-RS) quality will experience more abrupt fluctuations compared to more stable reference signals used in lower frequencies in LTE. In fact, in NR the handover procedure may work with a wider range of 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 at RRC layer. Hence, measurements concerning a successful handover allow for a more detailed mobility analysis in NR. Therefore, the framework designed in LTE to improve the mobility robustness needs further consideration on some finer use cases, including successful handovers with concerning the underlaying issues, and in particular, radio link monitoring related issues. Issues related to successful handovers can be formulated and reported as part of a new report so-called successful handover report, which can address near RLF-condition assisting the network to avoid potential failures that may appear when underlying resources (RLM or RACH resources) are sub-optimally configured. 
In this regard, and as part of TR 37.816, it has been agreed to include RLM 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 handover, a successful handover report can provide the opportunity to configure the resources for a more robust handover by optimizing:
· dedicated RACH resources at target cell using RRM measurement at HO execution phase, and
· RLM resources at source cell via RLM related information. 
In this paper, we focus on the use cases of RLM related measurements, and how the contents can be leveraged to enhance the performance of the handover procedure avoiding underlying issues when UE performs handover. 
Radio link monitoring related issues at handover region
[bookmark: _GoBack]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[2], 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 (RLM) has been introduced.   
RLM is a mechanism to identify and declare RLF, 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 (i.e., T310) 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 2.1-1.
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Figure 2.1-1: UE may receive RRCReconfiguration message upon different conditions.   

1) UE successfully receives the the MobilityControl parameters when T310 timer is not running and performs the handover to the target cell. 
2) UE successfully receives the MobilityControl parameters when T310 timer is running and performs the handover to the target cell.
3) UE fails to receives the MobilityControl parameters, and the UE declares RLF due to the expiry of the T310 timer.
Among the mentioned points above, case 1 is a normal handover condition where the UE is able to decode the RRCreconfiguration message. Case 3 causes handover failure, and RLF report will be produced to be reported after a successful RRC re-establishment procedure or after transition from IDLE to Connected mode. However, case 2, that we call a near-RLF condition, is not covered by the current state of handover related reports in the specification. We explain this Case 2 in the following.
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Figure 2.1-2: In a likely scenario, RLM resources are transmitted over PDCCH using a wider beam compared to the RRCReconfiguration message transmitted over PDSCH using a narrower beam.   
As illustrated in Figure 2.1-2, near-RLF condition concerns the cases where the UE monitors the radio link monitoring resources transmitted over PDCCH, while the RRCReconfiguration messages are received on PDSCH and network leverages different beamforming for link beam (e.g., Beam 3 in Figure 2.3-2) to transmit RRCReconfiguration via PDSCH compared to the RLM resources which are transmitted over a usually wider beam via PDCCH (e.g., yellow beam in Figure 2.1-2). Therefore, there might be a possibility that UE is able to decode the RRCReconfiguration message (including the MobilityControl IE), while the measured RSRP values of RLM dedicated resources are lower than Q-out threshold hence triggering T310 timer. Similar issues may happen at BFD procedure and it may observe beam failure instances which may lead to triggering BFR. 
This condition indicates that the UE is likely very close to RLF, and hence, it might be necessary for the source gNB to optimize the measurement report triggering thresholds (e.g., cell individual offset) in such a way that the UE receives the handover command including mobility control parameters within a proper time window before experiencing underlying issues.
[bookmark: _Toc426111][bookmark: _Toc1030530][bookmark: _Toc13561537][bookmark: _Toc13581581][bookmark: _Toc13581753][bookmark: _Toc13584678][bookmark: _Toc13585846][bookmark: _Toc13656118][bookmark: _Toc13657648][bookmark: _Toc16805331][bookmark: _Toc16805336]RLM resources are dedicated to the UE via PDCCH, likely using a wider control beam, while RRCReconfiguration including mobilityControl IE is received by UE on PDSCH most likely using a narrower link beam. Therefore, there is a possibility that a UE observes problem in RLM, while receiving/decoding RRCReconfiguration message thoroughly.

In RAN WG3 meeting #104, and it has been agreed that UE reports RLM related measurement and possibly their corresponding timers (e.g., T310) and status variables (number of OOS events) as part of a successful handover. An excerpt from TR 37.814 that is subject to RAN2 check is shown in Figure 2.1-3.
The information contained in the successful handover report may comprise:
· RLM related information 
· RLM related timers (e.g., T310, T312)
· Measurements of reference signals used for RLM in terms of RSRP, RSRQ, SINR
· RLC retransmission counter
· Beam failure detection (BFD) related information
· Detection indicators and counters (e.g., Qin and Qout indications)
· Measurements of reference signals used in BFD in terms of RSRP, RSRQ, SINR








Figure 2.1-3. Excerpt from TR 37.814. agreement on the content of successful handover report for RLM-BFD related issue.
[bookmark: _Toc448541][bookmark: _Toc1030536][bookmark: _Toc1060864][bookmark: _Toc13561538][bookmark: _Toc13581756][bookmark: _Toc13584676][bookmark: _Toc13585049][bookmark: _Toc13585402][bookmark: _Toc13585580][bookmark: _Toc13657562][bookmark: _Toc13661850][bookmark: _Toc16711792][bookmark: _Toc16711877][bookmark: _Toc426117][bookmark: _Toc16805334][bookmark: _Toc16805339]RAN2 Confirm UE reports RLM measurement and their process status (i.e., number of occurred OOS, T310 timer value, if running) as part of successful handover report, as agreed in TR37.814. 
Further considerations on successful HO report overhead
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 are detected by the UE 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. 
[bookmark: _Toc13581754][bookmark: _Toc13584679][bookmark: _Toc13585847][bookmark: _Toc13656119][bookmark: _Toc13657649][bookmark: _Toc16805332][bookmark: _Toc16805337]Successful handover information will be reported to the network only if the RLM related issues exist, hence it brings no significant overhead to the UE. The measurement is already available at node.
[bookmark: _Toc13581755][bookmark: _Toc13584680][bookmark: _Toc13585848][bookmark: _Toc13656120][bookmark: _Toc13657650][bookmark: _Toc16805333][bookmark: _Toc16805338]The network can configure the UE with triggering conditions to be met to compile the successful handover report, so limiting the UE to report the relevant cases indicating detected underlying issues.
One could further discuss how the target cell of a handover can extract this information from the UE. Post successful handover, the UE would anyway generate a RACH report and the network can extract this report from the UE. The same RACH report can also include an optional field to inform about any detected RLM issues in the source cell. 
[bookmark: _Toc16711793][bookmark: _Toc16711878][bookmark: _Toc16805335][bookmark: _Toc16805340]RAN2 to discuss how the UE can report the RLM related issues of the source cell to the target cell (e.g., as part of RACH report, as a separate successful handover report etc.). 

Conclusion
In section 0 we made the following observations:
Observation 1	RLM resources are dedicated to the UE via PDCCH, likely using a wider control beam, while RRCReconfiguration including mobilityControl IE is received by UE on PDSCH most likely using a narrower link beam. Therefore, there is a possibility that a UE observes problem in RLM, while receiving/decoding RRCReconfiguration message thoroughly.
Observation 2	Successful handover information will be reported to the network only if the RLM related issues exist, hence it brings no significant overhead to the UE. The measurement is already available at node.
Observation 3	The network can configure the UE with triggering conditions to be met to compile the successful handover report, so limiting the UE to report the relevant cases indicating detected underlying issues.
Based on the discussion in section 0 we propose the following:
Proposal 1	RAN2 Confirm UE reports RLM measurement and their process status (i.e., number of occurred OOS, T310 timer value, if running) as part of successful handover report, as agreed in TR37.814.
Proposal 2	RAN2 to discuss how the UE can report the RLM related issues of the source cell to the target cell (e.g., as part of RACH report, as a separate successful handover report etc.).
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