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Introduction
Last RAN2#104 has made the agreement on above issue as follows:

Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2	Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
=>	FFS on the exact details of the procedures

Agreements
1	Support configuration of one or more candidate cells for conditional handover.
=>	FFS how many candidate cells (UE and network impacts should be clarified).

In this paper, we discuss on the details of the procedures with the consideration of multiple candidate cells. 

Baseline procedure of conditional handover
As we partially discussed in last RAN2#104, some common sense on the conditional handover was a kind of handover where HO preparation including admission control at the target node should be executed and its result including the admission control result and the configuration to be used by the UE during/after CHO are given to the source node back. Based on this information, the source node will configure the UE for CHO. So the baseline of conditional handover is the same as legacy handover procedure.
Baseline procedures
So we would like to specify that procedures based on LTE handover with the following proposals (referencing LTE 36.300 C-plane handling flow for step number in the parenthesis).
Proposal 1. Conditional handover follows the LTE connected mode handover procedure as follows:
	1-1. The source node makes the decision based on MEASUREMENT REPORT and RRM information to “conditionally” hand off the UE. (step 3)
	1-2. The source node issues a HANDOVER REQUEST message to the target node passing necessary information to prepare the HO at the target side. (step 4)
	1-3. Admission Control may be performed by the target node dependent on the received QoS information to increase the likelihood of a successful HO, if the resources can be granted by target node. (step 5)
	1-4. The target node prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source node. (step 6)

Resource reservation 
One of important aspects is the resource reservation at the target node. CHO is basically different with legacy HO in terms of the HO execution time at UE, i.e., there could be an arbitrary time until the configured condition is met. During this time, it is obvious that the target node should reserve the resource which could be used by UE after CHO execution. And this resource should be tracked by the target node so that unlimited reservation be prohibited. One clear issue to be discussed is that how this reservation is traced. 
Opt 1. Based on MR from the UE, and target node’s own request, the network re-/de-configure the CHO resource at any time. UE can execute CHO whenever the configuration is there.
Opt 2. During the timer running, CHO configuration is kept and network re-/de-configuration is not necessary. UE executes CHO to the cell among candidate cells meeting the condition at that time. After the timer expiry the network can re-/de-configure CHO configuration. 
	
	Pros
	Cons

	Opt 1
	- In principle, network should always have the control on the UE.
- Radio condition of the target cell can be reflected to the CHO configuration by MR transmitted by UE.
	- There could be increased X2 and Uu signalling for tracking the channel status and network negotiation, and finally configuring to UE. 

	Opt 2
	- It can reduce signalling overhead (Uu and X2) when multiple candidate target cells are configured for CHO.
	Need effort to specify the timer operation at UE


It seems that network has the control on the de-configuration is natural for CHO since the network can know the whole HO related situation i.e., source cell channel status as well as target cell link quality. However, regardless of channel condition either at source cell or the target cell, the resource reservation at the target node will be limited, and this would be timer based one at the target node too. Therefore, using timer at the UE can reduce the possible signalling to/from the target node. 
Moreover, if the multiple candidate target cells are configured for CHO, reporting link quality change and determining the best target cell at the source node, and corresponding signalling between source and target cell for resource management per each candidate target cell could make the surge of the signalling not only at Uu but also X2. One simple way to resolve this is thought to use timer at the UE and multiple candidate target cells are configured for this timer duration. And there is no further CHO configuration for this duration, and UE only autonomously finds the best cell based on its measurements among condition-met-candidate cells in CHO configuration for CHO execution.
Observation 1. Using timer can reduce the signalling overhead when multiple candidate target cells are configured for CHO and their link quality is frequently changed.  
Based on the above observation, we have the following proposal.
Proposal 2. RAN2 adopts that CHO resource re- and de-configuration using timer at the UE, if multiple candidate target cells are configured for the CHO.
 
Multiple candidate target cells 
Already section 2.2. discussed the multiple candidate target cell aspects, especially on the resource reservation perspective. However there should also be the discussion on whether each candidate target cell is signalled in one configuration or multiple candidate target cells are signalled in one configuration. In legacy HO, there was no discrimination inter node HO or intra node HO in the spec. However, in CHO, when the source node sends HO command to the UE based on the received contents from the target node, if the multiple candidate target cells are in different target nodes, the multiple HANDOVER REQUEST ACKNOWLEDGE message will be received with some arbitrary timing difference due to the network signalling and processing time difference at each target nodes. This could make another complexity to make a single RRCReconfiguration message to be given to the UE such as how long the source node will wait, and the configuration parameter from each node might not have any common factor to be omitted. Moreover, single node still can operate the multiple DUs spatially distributed so that there is no channel correlation among the cells in each DU. 
Observation 2. A single target node can have multiple target cells which have non-correlated channel each other.
Proposal 3: candidate target cells for CHO are in one target gNB. And thus, CHO command generated in the target gNB includes single RRCReconfiguration message which can include the necessary configuration information for each candidate target cell.

Using a timer for checking initial access failure 
If CHO resource reservation timer is used, and there are multiple candidate target cells meeting the condition, UE could try the CHO execution for each candidate target cells sequentially during the resource reservation timer running. For this scenario, there should be a clear distinction between success or failure on CHO execution per a single target cell. Once the first trial to a best target cell is failed, then the second and the third CHO trial could be a straightforward method to keep the UE connected not RLF. Or even CHO execution is allowed for only the best cell and CHO is repeated to this cell, there still should be a definition of initial access failure to that single cell anyhow for handling of failure. 
In LTE, T304 was used for identifying RA failure to the target cell. It is easy to use this again. 
Proposal 4. Use a timer for checking RA failure to a candidate target cell.

Conclusions 
We discussed resource management on the conditional handover especially with the consideration of multiple candidate target cell perspective. And we have the following observation and conclusions:
Observation 1. Using timer can reduce the signalling overhead when multiple candidate target cells are configured for CHO and their link quality is frequently changed.  
Observation 2. A single target node can have multiple target cells which have non-correlated channel each other.

Proposal 1. Conditional handover follows the LTE connected mode handover procedure as follows:
	1-1. The source node makes the decision based on MEASUREMENT REPORT and RRM information to “conditionally” hand off the UE. (step 3)
	1-2. The source node issues a HANDOVER REQUEST message to the target node passing necessary information to prepare the HO at the target side. (step 4)
	1-3. Admission Control may be performed by the target node dependent on the received QoS information to increase the likelihood of a successful HO, if the resources can be granted by target node. (step 5)
	1-4. The target node prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source node. (step 6)
Proposal 2. RAN2 adopts that CHO resource re- and de-configuration using timer at the UE, if multiple candidate target cells are configured for the CHO.
Proposal 3: candidate target cells for CHO are in one target gNB. And thus, CHO command generated in the target gNB includes single RRCReconfiguration message which can include the necessary configuration information for each candidate target cell.
Proposal 4. Use a timer for checking RA failure to a candidate target cell.

