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Introduction
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 discuss the new aspects related to MRO that could further improve the mobility robustness in NR. While the concept of reporting information related to a radio link failure can be taken from LTE as a baseline for handover failure cases, reporting information after a successful handover can be also beneficial to enhance the mobility robustness. In fact, having a successful handover does not necessarily mean an optimal performance at lower layers as NR is expected to operate at FR2, where the reference signals intrinsically have sharper channel degradations and links are subject to failure more frequently compared to the low bands used in legacy LTE systems.
[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: _Toc869286][bookmark: _Toc879575][bookmark: _Toc992045][bookmark: _Toc1030528]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: _Toc869287][bookmark: _Toc879576][bookmark: _Toc992046][bookmark: _Toc1030529]The UE uses the UEInformationRequest and UEInformationResponse framework to report the RLF report to the cell in which it reestablishes.

[bookmark: _Hlk159348]Based on the contents of the measurement report (especially the Globally unique identity of the last serving cell), the node serving the cell in which the UE reestablishes can forward the RLF report to the last serving node. This forwarding of the RLF report is done to aid the original serving node with tuning of the handover related parameters as the original serving node was the one who had configured the parameters associated to the UE that led to the RLF. Two different types of inter-node messages have been standardized in LTE, Radio link failure indication and handover report that are thoroughly discussed in [2].
MRO in NR
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 will have more abrupt channel fluctuations compared to more robust reference signals used in LTE. In fact, 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. Hence in our understanding, measurements concerning a successful handover allow for a more detailed mobility analysis in NR. Therefore, the framework designed to improve the mobility robustness in LTE needs further consideration on some finer use cases, including successful handovers with issues related to the physical layer and in particular radio link level issues. Issues related to successful handovers may be formulated and measured in the framework of new reports, which can address different aspects beneficial to the network to further optimize MRO and avoid potential failures in the future. 
In the following, we briefly highlight some of the issues that potentially need further investigations in the framework of NR MRO.
Radio link related issues at handover region
Radio link monitoring (RLM) is a mechanism to identify and declare radio link failure in LTE and NR. In NR, for RLM purposes, ideally the network would configure beams transmitted in all directions to be monitored by the UE. The UE could either report the strongest or all of the beams so that the network could have full information about the UE perception in all possible directions. However, that is a costly exercise, especially in higher frequencies where the number of beams can grow significantly. Hence, only subset of all beams in a cell can be measured and reported by the UE.
In fact, one of the main differences in the NR RLM functionality, compared to LTE, is that the RLM functionality in LTE is described in the specifications so that the UE actions do not depend on parameters configured by the network. On the other hand, 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 UE to perform RLM based on: i) different RS types (SS/PBCH block and CSI-RS), ii) the exact resources to be monitored and the exact configuration to generate IS/OOS indications; and iii) the BLER thresholds so that measured SINR values can be mapped to them to generate IS/OOS events to be indicated to the higher layers.
RLM in NR is performed based on up to 8 (preliminary) RLM RS resources configured by the network, where: 
1. One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port,
2. The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM.
3. The RLM resources (particularly SSBs) are configured on the PDCCH transmitted over control beams with a different beam forming compared to the PDSCH

When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
1. Periodic IS (in-sync) is indicated if 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 if 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, and 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 requests for the handover to the target gNB via the e.g. Xn: HANDOVER REQUEST procedure and receives the handover command including the dedicated resources (including dedicated RACH-beam resources) in Xn: HANDOVER REQUEST ACLNOWLEDGE. Upon receiving the handover command, serving gNB configures the MobilityControl in an RRCReconfiguration message and transmits it to the UE to perform the handover to the target gNB. When transmitting the handover command to the UE, three different scenarios may occur, as shown in Figure 2.3-1.

[image: ]
Figure 2.3-1: UE may receive RRCReconfiguration message upon different conditions.   

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 while N310 times OutOfSync 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 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 as explained in the previous section. However, case 2, that we call a near-RLF condition, is not covered by the current state of handover related reports in the specification.


[image: ]
Figure 2.3-2: In a likely implementation, RLM resources are transmitted over PDCCH using a wider beam compared to the RRCReconfiguration message transmitted over PDSCH using a narrower beam.   

Near-RLF condition may concern 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 at link beam to transmit RRCReconfiguration via PDSCH compared to the RLM resources which are transmitted over a usually wider beam via PDCCH, as illustrated in Figure 2.3-2. 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. 
Therefore, the mentioned near-RLF 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., A3 event triggering threshold) in such a way that the UE receives the handover command including mobility control parameters within a proper time window.

[bookmark: _Toc426111][bookmark: _Toc1030530]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.
[bookmark: _Toc448541][bookmark: _Toc1030536][bookmark: _Toc1060864][bookmark: _Toc426117]It is proposed to discuss how to identify RLM related issues at cell borders when UE performs handover. 
Measurement reporting upon handover execution
[bookmark: _Hlk499387230]In the following, we discuss the possibility of reporting the beam level measurement upon a successful handover that can be useful to configure the target beams in a more efficient way, enhancing the performance of CFRA procedure 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]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 e.g. to limit the amount of L1 beam reporting after the handover, a limited amount of CSI-RS resources are configured, and QCL with a subset of SSBs.
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 to the moment the UE finally receives the handover command may be different due to the UE mobility. And, for that reason, a RACH fallback mechanism has been agreed where the UE can use common resources when beam selection upon handovers lead to a beam that does not have contention free resources associated. 
[bookmark: _Toc426113][bookmark: _Toc1030532]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 one. Hence, it seems natural to say 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, 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 Random Access Response (RAR) and to estimate whether its previously provided beam management configuration is optimal or not. 
While that beam information is sufficient to enable the network to send the RAR in a suitable DL beam, so the UE can complete the handover, 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. Hence, it should be studied whether beam measurements associated to the target cell, and collected after the last measurement report preceding reception of HO command, could be provided to the target upon handover execution to enable the target to decide whether the beam management configuration provided in the handover command is still suitable or whether that needs to be re-configured. Hence, we propose the following:

[bookmark: _Toc426114][bookmark: _Toc1030533]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]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 study whether the UE can report beam measurements and information concerning the executed (successful) handover upon handover execution when accessing the target cell.
[bookmark: _Toc1030538][bookmark: _Toc1060866]It is proposed to study whether the successful handover information reported by the UE at target RAN node should be signalled to other RAN nodes involved in the handover process
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	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 4	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.
Observation 5	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 6	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 7	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.
Based on the discussion in section 2 we propose the following:
Proposal 1	It is proposed to discuss how to identify RLM related issues at cell borders when UE performs handover.
Proposal 2	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.
Proposal 3	It is proposed to study whether the successful handover information reported by the UE at target RAN node should be signalled to other RAN nodes involved in the handover process

References
[bookmark: _Ref536694063]36.331, 3GPP TSG RAN, E-UTRA RRC Protocol specification Release-15, v15.3.0, 2018-09.
[bookmark: _In-sequence_SDU_delivery]R2-1900659, Mobility robustness optimization in NR, 3GPP TSG-RAN WG2 Meeting #105, February 2019. 
	4/4	
image1.emf
UE detects 1st 

out of sync

UE detects N310

consecutive out of sync

UE starts timer T310

T310 expires 

RLF occures

RRC re-establishment starts

UE transmitter turned off within 40 ms

RLF timer T310 running

1) UE receives 

RRCReconfiguration before RLF 

timmer (T310) starts runing

2) UE receivs 

RRCReconfiguration when RLF 

timmer (T310) starts runing

3) UE fails to receive 

RRCReconfiguration as RLF 

happend

on PDCCH

on PDSCH


image2.emf
PDCCH PDSCH


