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1 Introduction
In RAN2#108 meeting, companies did not have chance to discuss what should be the upper limit of the number of CHO candidate cells. 
In email discussion “[108#66][LTE NR Mob] Open issues for LTE and NR mobility (Intel)” [1], maximum number of the CHO candidates was discussed. Majority of the companies vote the maximum number of 8. As a result, the rapporteur drafts the following proposal in the email discussion summary:

Proposal 13: The max number of CHO candidate cells is 8; Send LS to RAN4 to inform our conclusion. 
In contribution [2], the CHO command message size limitation impact on the maximum number of CHO candidates is discussed. A conservative maximum number of 8 is proposed taking the future message usage into consideration. 
In this paper, we discuss another limiting factor on maximum number of CHO candidate cells in view of access resource reservation required at the candidate cells. We intend to provide insight on the CHO impact to the access resource in a candidate cell for CHO, and to determine the maximum number of candidates based on the resource limitation.  
2 Discussion
2.1 Resource required at CHO candidates                                                                                                                                                                                            
From the increased message size of CHO command with increased number of CHO candidates, one can see the corresponding increased access resource configured to the UE and reserved at the candidate cells. In order to minimize the mobility delay, dedicated access resource is configured to the UE via RACH-ConfigDedicated, and is reserved at each candidate. As a consequence, comparing with normal HO, more access resources are locked for the CHO UE in its neighbouring cells of local surrounding area. In addition, As intended in the principle of CHO, the CHO command is issued earlier than that for the conventional HO. From the candidates respond to the CHO preparation request, till CHO execution is successfully completed and CHO configuration is released, CHO takes much longer time to complete comparing with the conventional HO. Therefore, the access resources are locked at the CHO candidates for much longer time than normal HO.
Observation 1: A CHO UE locks more access resources for longer time in the neighbouring candidate cells than a normal HO UE.
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Figure 1. comparison of the dedicated access resources locked by the UEs of CHO vs normal HO
Figure 1 demonstrates the dedicated resources occupied at the candidate cells in the local area for UEs conducting CHO vs. HO. The scenarios/configurations in Figure 1are: 1) in both cases, there is in average one UE per cell performing normal HO or CHO; 2) for the normal HO there is only one target cell for every UE; 3) for CHO case three candidates are configured for a UE. It is obvious, CHO with three candidates occupies three time as much as the resource need for normal HO. In this CHO example, a candidate cell is prepared to handle three UEs for their possible handover although not all of them handover into this cell eventually. On the other hand, for normal HO, the determined target cell only needs to prepare for one UE’s HO access.  
Observation 2: In terms of per-handover-UE per-cell, in average how many CHO candidates leads to how many times of the access resource as what is configured at a target for normal HO, is reserved at a CHO candidate.
2.2 Upper limit of number of CHO candidate cells 

Previous discussion indicates configuring more CHO candidates requires more dedicated resource to support low latency and high reliable CHO access to the target. When the cells loading is high, more resources are required for normal UE wake up access and conventional HO access, as a result, less number of candidates are allowed for configuring a CHO. The number of the CHO candidates is determined by the loading of the cells. In normal operation scenarios no more resources are available for CHO to configure more than 4 candidates. 
The maximum number of CHO candidates should be the number of the candidates allowed in some corner but still practical operation scenarios. Here we consider one CHO UE per cell in a light loading coverage area is a practical corner case. The preamble arrangement is that around 10 preambles are allocated for contention free HO and the rest are in a pool for the contention based access. The preamble arrangement is suboptimum for balancing the performance of both contention free and contention based access. If 16 candidates were configured, the required number of dedicated preambles would be more than that of allocated for contention free HO access. If more dedicated preambles are moved out from the preamble pool for contention based random access, the performance of contention based access could be compromised. Otherwise, only less than one CHO UE per cell can be supported. We consider this is not a practical scenario in operation and should not be supported. Therefore, the maximum CHO candidate number of 16 is not considered as practical. Note that different RACH resource occasions or occasion masks allow to reuse the same preamble in the cell. However, considering the per cell multi-beam operation, dedicated resources are reserved at a per beam basis. The freedom of reuse of preambles allowed by different resource occasions is consumed by multi-beam dedicated resource reservation in a candidate cell. It is reasonable that we simply consider the preambles at the cell level as a limiting factor. 

If we consider 8 candidates configured for CHO and in average only one CHO UE per cell is allowed. In this case, up to 8 preambles can be reserved for CHO in a candidate cell, and a few dedicated preambles are left for conventional HO. One CHO and a few normal HOs are allowed without compromise the performance of contention based random access. Therefore, in such a practical corner case, maximum candidate number of 8 is allowed. Considering the resource limitation, we confirm that 8 is reasonable as maximum number of CHO candidates.
Proposal 1: Consider 8 to be the maximum number of CHO candidates.

In concept we know that configuring multiple CHO candidates is beneficial to the CHO reliability at the target side. But it is not clear the quantified performance improvement with the increase of number of candidate cells. The insight from RAN1 and RAN4 on the relations between the CHO candidate number and performance will also provide us the guideline on number of CHO candidates should be configured. In addition, the difference between FR1 and FR2 may also impact the candidate number. RAN2 may want to check with RAN1 and RAN4
Proposal 2: Check with RAN1, 4 on the relations between the CHO candidate number and performance, and possible impact of FR1 and FR2 on the number of CHO candidates.
3 Conclusions
Based on the discussion on the dedicated access resource limitation on the number of CHO candidate, we have the following:
Observation 1: A CHO UE locks more access resources for longer time in the neighbouring candidate cells than a normal HO UE.

Observation 2: In terms of per-handover-UE per-cell, in average how many CHO candidates leads to how many times of the access resource as what is configured at a target for normal HO, is reserved at a CHO candidate.
Proposal 1: Consider 8 to be the maximum number of CHO candidates.
Proposal 2: Check with RAN1, 4 on the relations between the CHO candidate number and performance, and possible impact of FR1 and FR2 on the number of CHO candidates.
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