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Introduction
In LTE, a set of measurement related actions are specified when the UE performs handover and re-establishment. During email discussion [99bis#20][NR] RRM (Ericsson) that was captured as the following open issue in the TP draft:
[bookmark: _Hlk497717609]Editor’s Note: FFS Measurement relation actions during procedures such as handover and re-establishment.
This paper tries to address the open issue and provides a TP for section 5.5.6 in 38.331.
[bookmark: _Ref178064866]Discussion
Measurement reporting on handover execution
In LTE, the UE shall always perform RSRP and RSRQ measurements for each configured serving cell. Network provides a measurement object for each serving frequency the UE is expected to measure. According to 36.331, E-UTRAN applies measurement configuration to ensure that, whenever the UE has a measConfig, it includes a measObject for each serving frequency. And, for serving frequencies, set the EARFCN within the corresponding measObject according to the band as used for reception/ transmission.
The list of measurement objects, including the measurement objects associated to serving frequencies, can be provided to the UE within measObjectToAddModList, which is part of measConfig (possibly transmitted in RRCConnectionReconfiguration and RRCConnectionResume). Hence, upon handovers and re-establishments, the network should ensure that a measObjectId corresponding to each target serving frequency is configured (either via full or delta RRC re-configuration). And, when changing the band while the physical frequency remains unchanged, E-UTRAN releases the measObject corresponding to the source frequency and adds a measObject corresponding to the target frequency (i.e. it does not reconfigure the measObject). Upon that, in addition, the UE removes existing measurement reporting entries, stops periodical reporting timer or timer T321 (whichever one is running), as well as associated information (e.g. timeToTrigger) for all configured measurements and release activated measurement gaps, if any.
In LTE, upon handovers and re-establishment, the UE removes existing measurement reporting entries, stops periodical reporting timer or timer T321 (whichever one is running), as well as associated information (e.g. timeToTrigger) for all configured measurements and release activated measurement gaps, if any.

[bookmark: _Hlk499387230]One of the reasons the UE shall delete previously configured measurements is that the target node might already have RSRP/RSRQ/SINR measurements as source might have sent them to target via HandoverPreparationInformaiton, as part of the RRM config, within CandidateCellInfoList. And, as in LTE the quality of these cells might not change dramatically from the time the UE sends the latest measurement reports to source (that would be sent to target) until the time the handover execution is performed.
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, as agreed in RAN2#99 Berlin:
2.2	As in LTE, the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB can include the AS configuration, the RRM configuration and the AS context (including information necessary to handle handover failures). The details of the content of each IE are FFS.

4.2: As in LTE, to support CA case, the RRM configuration can include the list of best cells on each frequency for which measurement information is available.


5	Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. beam indexes and optionally measurement results) have been configured by the source gNodeB to be reported by a UE. That information is not a mandatory part of the HandoverPreparationInformation message

6	The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SS Block(s) and CSI-RS(s) for the reported cell (or cells depending on outcome of FFS above) if both types of measurements are available.
…

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). 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 SS/PBCK blocks.
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. 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. 
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.


[image: ]

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 send the last measurement report until the time it has performed a handover execution. 
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. 
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, 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, RAN2 should further discuss whether beam measurements associated to the target cell 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:
Discuss whether the UE can report beam measurements upon handover execution.

Optimized measurement re-configuration upon handovers 
In LTE, upon handover, measurement re-configuration actions differ depending on whether that is an intra-frequency or inter-frequency handovers. In the case of inter-frequency handovers, two cases lead to distinct UE actions:
· a/ The primary target frequency changes and it does not exist in the measurement object list;
· b/ The primary target frequency changes but it exists in the measurement object list;

In the case of a/, 36.331, in section 5.5.6, defines that the UE shall simply remove all measId values that are linked to the measId value(s) corresponding to the source primary frequency. In the case of b/, i.e., when both target and source frequencies are in the measurement object list, a small optimization has been defined where the UE keeps the reporting configurations in measurement identifiers associated to the source and target measObject(s), and swap the measurement object identifiers. In other words, the assumption in that optimization is that upon some of the inter-frequency handovers, the UE would be re-configured by the network with exactly the same reporting configuration parameters, except that the primary serving is a new one and the previous primary frequency becomes a neighbour frequency. 
However, for NR, we wonder if that assumption is still applicable and, whether that optimization is beneficial. Looking at the specifications from 36.331, that seems to be to certain extent a complicated UE method, defined for a quite special case. In addition to it, the reporting configurations for different frequencies might require updates anyway as parameters such as RS type and beam reporting are configured there, hence, change in primary frequency might likely lead to updates in reporting configurations. Additional rules could eventually be added to the previous method, however, that would make it even more complicated and time consuming from a standardization perspective. Hence, in our view, as the target can always provide a measConfig in the RRC Re-configuration, RAN2 should not spend time standardizing that optimization for Rel-15. In EN-DC, i.e., for SCG Change, the same treatment is suggested and no further optimization should be required for Release 15.
For Release 15, NR does not support measurement re-configuration optimizations for inter-frequency handovers or inter-frequency SCG changes (e.g. where both source and target frequencies are in the measurement object list).
Other measurement related UE actions performed upon handovers and SCG changes are also described in 36.331, in section 5.5.6, such as:
· remove all measurement reporting entries within VarMeasReportList;
· stop the periodical reporting timer or timer T321, whichever one is running, as well as associated information (e.g. timeToTrigger) for all measId;
· release the measurement gaps, if activated;
Although these actions make sense to be supported, even in the case of proposal getting accepted (as the measurements proposed in P1 might not necessarily be linked to the entries within VarMeasReportList), the actions upon receiving measConfig, described in 5.5.2, already cover these cases.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, upon handovers and re-establishment, the UE removes existing measurement reporting entries, stops periodical reporting timer or timer T321 (whichever one is running), as well as associated information (e.g. timeToTrigger) for all configured measurements and release activated measurement gaps, if any.
Observation 2	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 3	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 4	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 5	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.



Based on the discussion in section 2 we propose the following:
Proposal 1	Discuss whether the UE can report beam measurements upon handover execution.

Proposal 2	For Release 15, NR does not support measurement re-configuration optimizations for inter-frequency handovers or inter-frequency SCG changes (e.g. where both source and target frequencies are in the measurement object list).
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