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1	Introduction
Outdated CFRA resources is one of the problems which eventually needs to be solved for CHO in NR when beamforming is used. This has been briefly discussed in Rel-16, but not addressed. In this contribution, we describe the problem in more detail, propose a split into subproblems and solution directions. This can be addressed in Release 18 or later, when CHO in FR2 becomes a common deployment scenario.
2	Problem of outdated CFRA resources
During the preparation phase of a legacy handover, the target cell may reserve a CFRA resource (i.e. a dedicated preamble) for the UE. If multiple beams are used, the target cell may reserve a single dedicated preamble on a single beam, or it may also reserve multiple dedicated preambles, each on a different beam. The reservation is typically based on the measurements which have previously been reported by the UE and which have been forwarded to the target gNB via Xn (i.e. in HO Request).
Even for the legacy handover, it may happen that, at the moment of executing the HO (i.e. random access to the target), the beam(s) for which dedicated preambles are reserved are no longer valid/relevant. On one hand, this is not very likely to happen for the legacy HO since the time between measurement report and RACH is not too long. HO execution (i.e. RACH) follows HO preparation immediately, and HO preparation follows the measurement report immediately. On the other hand, this also implies that there is no opportunity to update the CFRA resources without introducing the same uncertainty again.
For CHO, the time between measurement report and execution might be much longer. Furthermore, it is known that the source cell remains RRC responsible for the UE until the execution (i.e. RRC Reconfiguration Complete [1]), so that there would be opportunities to update the CFRA resources.
Observation 1: The beam specific resources (e.g. CFRA preambles) may become obsolete in NR CHO due to a significantly longer time between the CHO preparation and the actual CHO execution.
Figure 1 illustrates an example for the described scenario. Black dots represent gNBs, different colours represent different cells, and different shades represent different beams of the same cell (32 beams per cell are shown). A single UE is shown which moves from the magenta cell towards the green cell following the white trajectory. The green target cell might be prepared for CHO when the measurements have indicated that beam #8 is the strongest. As a consequence, the target cell would reserve a dedicated preamble on beam #8. Optionally, the target may also reserve further dedicated preambles e.g. on beams #7 and #9 (or even more) to increase the likelihood of successful CFRA. However, we would like to emphasize that could be expensive, in particular since dedicated preambles may also be reserved for beam recovery.
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[bookmark: _Ref3366040]Figure 1 Beam layout in the cell and corresponding CFRA resources
The example shows that it may easily happen that the CHO condition expires as late as when the UE has already proceeded to beam #5. So, even if the target cell has decided to prepare beam neighbours as well (e.g. #7 and #9), the UE would still have no CFRA resources for the strongest beam #5 and thereby falls back to CBRA (unless it decides to desperately access a weak beam with CFRA resources).
Hence, we will either see a lot of CBRA fallbacks for CHO (which induces more interruption and more interference), or we have to reserve a lot of CFRA resources for CHO (which might be too expensive).
Observation 2: For CHO, especially in FR2, there will be a trade-off between high costs for preparing many CFRA resources and drawback of many fallbacks to CBRA.
3	How to resolve the problem
In order to resolve the conflict described above, we should consider updates of the CFRA resources after a UE has been prepared for CHO to a specific target. We can split this problem into two parts: a) the update procedure itself and b) providing the required information / measurements to the network. 
3.1	Update procedure
In principle, the network can repeat the preparation procedure if an update is necessary. Let us assume for the moment, that the source cell realizes CFRA update is necessary. It can send another HO Request, the target reserves new CFRA resources (on new beams), sends HO Request Acknowledge, and the source cell updates the RRC configuration inside the UE.
On one hand, this procedure seems to be quite exhaustive, introduces delay and impacts RAN2 and RAN3 territory. On the other hand, there are some race condition problems. The target cell has to keep the outdated CFRA reservations until it is made aware that the UE has received the updates. Otherwise there will be a conflict between the UE and the target configuration.
Proposal 1: A procedure for updating the CFRA resources for a prepared CHO, especially in FR2, shall be considered.
3.2	Triggers for update procedure
It remains to be seen how the source cell can realize an update is necessary. This information has to be reported by the UE, as only the UE can measure the beams of the target cell. Unfortunately, the measurement reporting events for RRC reporting are purely based on conditions using cell-level measurements. Thus, one approach could be to introduce new measurement reporting events based on neighbour’s beam measurements, e.g. 
“Non-CFRA beam of prepared neighbour is offset better than (strongest/weakest) CFRA beam of the same neighbour”
Another possibility is to have beam measurements of neighbours prepared for CHO in the periodic MAC reporting.
Proposal 2: Consider how the UE can inform the network when CFRA resources configured for a CHO require an update.
This topic can become especially relevant when CHO in FR2 becomes a common scenario (based on Rel-18 specification or beyond).
4	Conclusion
This paper elaborated on the outdated CFRA resources during Conditional Handover. The following observations and proposals have been made:
Observation 1: The beam specific resources (e.g. CFRA preambles) may become obsolete in NR CHO due to a significantly longer time between the CHO preparation and the actual CHO execution.
Observation 2: For CHO, especially in FR2, there will be a trade-off between high costs for preparing many CFRA resources and drawback of many fallbacks to CBRA.
Proposal 1: A procedure for updating the CFRA resources for a prepared CHO, especially in FR2, shall be considered.
Proposal 2: Consider how the UE can inform the network when CFRA resources configured for a CHO require an update.
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