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1. Introduction
In [Post112-e][066][eIAB] Topology Adaptation [1], RAN2 discussed on problems/issues that need to be solved, potential enhancements that address these issues, and assessment of efficacy and shortcomings of these enhancements with regard to the candidate solutions including CHO. As summarized in the report, several companies raised concerns that due to early preparation, the target DU would have to reserve a lot of resources for BH RLC CHs, which may not be used for a long time. In the Phase II, RAN2 discussed further on the following proposal with regard to the early resource reservation for CHO.
Proposal 3: RAN2 to discuss resource reservation in the context of conditional handover execution by IAB-MT including impact on signaling, e.g., using RRC Reestablishment vs. RRC Reconfiguration Complete.
The summary after the discussion is as follows:
“The rapporteur initiated this discussion since he recognized the problem raised by Ericsson. The replies indicate that everybody else seems to be fine with the implementation-based solution provided by Rel-16 CHO. The rapporteur’s initial version of P3 is therefore unnecessary. P3 can be reworded as below.”
Proposal 3: Rel-16 CHO is baseline procedure for IAB-MT.
However, the implementation-based solution provided by Rel-16 CHO is neither adequate nor optimized for radio resources. For that reason. in the last RAN3#110, RAN3 discussed radio resource optimization for CHO [2]  and made an agreement as follows:
Resource optimization for Conditional Handover is FFS
In this paper, we further discuss the resource reservation for CHO.
2. Discussion
In RAN3#110, RAN3 discussed radio resource optimization for CHO [2]. During the discussion, a company commented that “CHO has a big burden on resources employed. If CHO resources are not optimized, CHO may risk not to be deployed.” It is not an exaggerated statement considering that we already know that the CHO mechanism leverages significant amount of network resources to provide robust mobility as observed in [3]. Furthermore, a remarkable observation as below from a simulation result demonstrated that well [4]:
· The number of RRC reconfigurations increases with CHO significantly by a factor of 3-4 w.r.t. MRO. Obviously, with this setting, indeed cells are prepared in vain in many cases, and have to be de-configured again. Please note that we will discuss below how this can be improved.
· Please note that some increase is natural, since we are turning many failures into successful handovers, and some of the failures happen since preparation was not even done (lost measurement reports). This is also the reason why MRO has more RRC signalling than legacy HO.  
Observation 1: CHO results in higher resource reservation in the network to improve the mobility robustness.
To mitigate the problem, RAN3 discussed a statistical resource optimization based on [5] and introduced the Estimated Arrival Probability IE [6]. It is contained in the Conditional Handover Information IE included in the HANDOVER REQUEST message, then the target NG-RAN node may use the information to allocate necessary resources for the incoming CHO. However, as some companies commented, it is hard for the source to derive a practical and useful value of the estimated arrival probability. Moreover, the probability at the time of CHO preparation may be totally different from the probability at the time of CHO execution. Therefore, it is of little help to optimize the resource reservation.
Observation 2: The Estimated Arrival Probability IE in Rel-16 CHO to mitigate the problem of higher resource reservation is of little help to optimize the resource reservation.
In Phase II, with regard to Proposal 3, the rapporteur proposed two options for further discussion as follows [1]:
Option 1: Use early preparation with resource reservation as defined for Rel-16 CHO.
Option 2: Perform resource reservation at the time of CHO execution. 
Based on Phase-1 replies, the following sub-options can be considered:
Option 2a: CHO ends with RRC Reconfiguration Complete. In this case, a mechanism for resource reservation and admission control needs to be provided.
Option 2b: CHO ends with RRC Reestablishment. This requires enhancement of the Rel-16 CHO procedure
In our opinion, Option 2 is the only way to mitigate the problem of higher resource reservation. A company proposed Option 2b by reason that if it is assumed that the resource reservation may be waived, the target might eventually not admit the CHO execution and release the IAB node or handover it again. However, a mechanism for resource reservation upon CHO execution in Option 2a can enable to waive the ‘strict’ resource reservation at the time of CHO preparation. 
Observation 3: A mechanism for resource reservation upon CHO execution in Option 2a can enable to waive the ‘strict’ resource reservation at the time of CHO preparation.
One thing to note is that some companies have observed that a mechanism for resource reservation upon CPAC execution can enable to waive the ‘strict’ resource reservation at the time of CPAC preparation [7], [8]. As stated in [7], once the UE has detected that the execution criteria for SN addition/change is met, and, the configuration of the target cell is valid, UE sends an RRCReconfigurationComplete message to the MN. When the MN receives the message, the MN can inform the target SN that UE has accepted the SN configuration and the target SN can activate or reserve RACH resources for the UE at that point.
Observation 4: The RRCReconfigurationComplete message to the MN upon CPAC execution can enable to waive the ‘strict’ resource reservation at the time of CPAC preparation.
One aspect of resource optimization is data forwarding. Reference [3] proposed three proposals with regard to resource optimization for CHO as follows:
Proposal 2	RAN3 to study the optimization of the number of prepared cells.
Proposal 3	RAN3 to study a timer deciding time limit for how long the resources in candidate cells should be occupied and how it can be communicated between source and candidate cell.
Proposal 4	RAN3 to study methods to optimize early and late data forwarding.
In our understanding, proposal 2 may do harm to mobility robustness and proposal 3 is analogous to timer based CHO deconfiguration which was not introduced due to the complexity. 
Meanwhile, proposal 4 needs further consideration. Another thing to note is that some companies have observed that an indication to the MN upon CPAC execution can enable to perform on-time data forwarding [8], [9]. In on-time data forwarding, when the MN receives an RRCReconfigurationComplete message including the target PSCell information, the MN can inform the source SN to start forwarding data to the target SN. The on-time data forwarding is the best option to balance the interruption time and the amount of data forwarding.
Observation 5: The RRCReconfigurationComplete message to the MN upon CPAC execution can enable to perform on-time data forwarding.

By the same reasoning, an indication from the UE to the source cell upon CHO execution can be used as a mechanism for resource reservation upon CHO execution in Option 2a. It can enable to waive the ‘strict’ resource reservation at the time of CHO preparation and perform on-time data forwarding.
Observation 6: An indication from the UE to the source cell upon CHO execution can be used as a mechanism for resource reservation upon CHO execution in Option 2a and it can enable to waive the ‘strict’ resource reservation at the time of CHO preparation and perform on-time data forwarding.
An indication from the UE to the source cell upon CHO execution (a.k.a., “bye”) was not introduced in Rel-16 CHO [10]. However, to facilitate the resource optimization for CHO and alleviate a big burden to deploy the CHO, “bye” message from UE to the source cell for CHO needs further consideration.
3. Conclusion
Observation 1: CHO results in higher resource reservation in the network to improve the mobility robustness.
Observation 2: The Estimated Arrival Probability IE in Rel-16 CHO to mitigate the problem of higher resource reservation is of little help to optimize the resource reservation.
Observation 3: A mechanism for resource reservation upon CHO execution in Option 2a can enable to waive the ‘strict’ resource reservation at the time of CHO preparation.
Observation 4: The RRCReconfigurationComplete message to the MN upon CPAC execution can enable to waive the ‘strict’ resource reservation at the time of CPAC preparation.
Observation 5: The RRCReconfigurationComplete message to the MN upon CPAC execution can enable to perform on-time data forwarding.
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Based on the discussion in Section 2, we propose the following:
Proposal 1: RAN2 is requested to further consider “bye” message from UE to the source cell for CHO to facilitate the resource optimization for CHO and alleviate a big burden to deploy the CHO.
4. References
R2-2100592, [Post112-e][066][eIAB] Topology Adaptation (QC), Qualcomm Incorporated, RAN2#113e
R3-207035, CB: # 1012_SONMDT_MobEnh - Summary of email discussion, Lenovo – moderator, RAN3#110e
R3-206518,  (TP for SON BL CR for TS 38.300): Mobility Robustness Optimization for Conditional Handover, Ericsson, RAN3#110e
R2-1817687,	Performance of Conditional Handover – simulation results, Nokia, Nokia Shanghai Bell, RAN2#104
R3-200219, Solutions to avoid overload due to CHO, Nokia, Nokia Shanghai Bell, Vodafone, British Telecom, RAN3#107e
[bookmark: _Ref61532431]TS 38.423, NG-RAN; Xn application protocol (XnAP)
R2-1912297, Conditional NR PSCell addition/change procedures, Qualcomm Incorporated, RAN2#107bis
R2-2101765, Discussion on CPAC Execution, ETRI, RAN2#113e
R2-2009771, On Rel-17 Conditional PSCell Addition and Change (CPAC), Nokia, Nokia Shanghai Bell, RAN2#112e
[bookmark: _Ref61540851]RAN2#107 Meeting Report
