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1	Introduction
Conditional Handover (CHO) is one of the solutions studied as a part of Rel-16 Further mobility enhancements in LTE. 3GPP RAN2#104 (November 2018) has made the following agreements regarding CHO [1]:
	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



The aim of this paper is to resolve several further open points regarding the details of a baseline CHO procedure. This contribution discusses several topics which require RAN2 decisions in order to progress the details of Conditional Handover procedures as a part of LTE feMob work item [2]. 
2	Discussion
2.1	Terminology
The following terminology is used in this contribution:
CHO: Conditional Handover. Refers to handover containing conditional component.
CHO command: HO command that includes conditional component that determines when the HO is triggered, i.e. HO command that UE only executes to HO when the triggering condition is met.
CHO target cell: A candidate cell for CHO, for which UE has been configured with a CHO command.
CHO procedure: Conditional handover procedure, including 1) HO preparation by network reserving resources from target cell(s) 2) network sending at least one CHO command generated by target cell to UE and 3) UE executing a CHO command upon triggering condition being met. 
2.2	Degree of preparation
The next topic to clarify in this section would be what does it mean the CHO target cells are prepared for UE’s access after the UE has evaluated the condition. In principle, two major approaches could be possible:
-	Legacy Handover-like preparation where CHO command comprises of the CHO target cell’s RRC configuration and RA information. The resulting access (i.e. after evaluating the CHO condition) is identical to legacy HO (i.e. once the CHO is triggered at UE, the HO command is executed and UE starts accessing the CHO target cell);
-	UE-autonomous operation, where CHO target cells are not prepared. When the condition is met, the UE behaves as in the re-establishment case (i.e. does cell selection and then accesses the chosen cell). 
In our opinion, CHO procedure should follow the legacy HO operation, so the HO command should contain the RA information and other dedicated RRC configuration elements. When the condition triggers, the UE accesses one of prepared CHO target cells.
Proposal 1: The baseline operation for E-UTRAN CHO procedure assumes that the legacy HO preparation is reused (i.e. CHO command contains dedicated RRC configuration indicating the CHO triggering condition and UE accesses the prepared target cell when the condition is met).
2.3	Deconfiguration of prepared candidates
Another inherent part of CHO procedure is the need to configure and deconfigure the CHO target cell(s). RAN2#104 agreed that there might be “one or more than one candidate cell” configured for CHO. It is straightforward to foresee that the more prepared CHO target cells there are, the more operations such as “deconfiguration” would have to be executed. Otherwise, the UE may stay eternally prepared with a list of obsolete CHO target cells. Once again, there are multiple possible approaches to this problem. Two main groups of solutions are as follows:
-	Explicit deconfiguration (network controlled): the source cell can cancel any previously provided CHO target cell preparation via RRC message. This can happen as a result of another measurement report sent by the UE (e.g. indicating that the prepared CHO target cells are not relevant anymore), or by any other decision in the network (i.e. the criteria for doing this are not specified and are left up to network implementation);
-	Timer-based deconfiguration (UE autonomous): the preparation inside the UE is valid for certain time, irrespective of the instantaneous radio conditions. When the timer expires, UE autonomously discards the corresponding CHO configuration.
[bookmark: _Hlk778932]We believe the baseline operation should ensure the network can deconfigure/explicitly cancel the previous preparation and inform the UE respectively. Whether there are some cases where e.g. some timers would be needed when the explicit deconfiguration does not work (e.g. when UE does not trigger the CHO but stays in the same cell for a long time) could be discussed further during the Stage-3 work.
[bookmark: _Hlk779047]Proposal 2: The baseline operation for E-UTRAN CHO procedure is explicit deconfiguration of the prepared CHO target cells. The source cell can also release a previously provided CHO command via using RRC reconfiguration towards UE. Handling of cases where explicit deconfiguration fails and whether additional mechanisms (e.g. timers) are needed for those can be considered in the Stage-3 discussion.  
2.4	RRC responsibility after sending the Conditional HO command
Another area where changes compared to the legacy HO operation are expected is which entity is controlling the UE (i.e. responsible for RRC) after CHO command is sent.  In legacy LTE HO, the RRC responsibility is transferred to the target cell immediately after sending the HO command, as UE will execute the HO command immediately. Thus, the UE does not expect or attempt to receive any further RRC Reconfigurations from the source cell. Nevertheless, in CHO procedure the UE may stay in the source cell for a non-negligible amount of time and this might involve further RRC reconfigurations, as discussed in section 2.2. Furthermore, there may be multiple prepared CHO target cells for a UE, in which case it would be quite challenging to decide which of them becomes the cell responsible for RRC at the time when a CHO command is sent (in particular since not all CHO commands may be sent with the same RRC reconfiguration but could be configured one at a time for the UE). Thus, we think the source cell should remain responsible for RRC until UE successfully sending RRC Connection Reconfiguration Complete message to CHO target eNB.. 
Proposal 3: The baseline operation for E-UTRAN’s Conditional HO assumes the source cell remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration message to target eNB.
2.5	Packet forwarding and detach from the source cell
There is certain room for improvement regarding the packet forwarding, in comparison to how it works with LTE Rel-14 make-before-break solution. Of course, this mechanism has significant RAN3 impacts and cannot be decided in RAN2 alone. For CHO procedure, we can think of the following basic approaches:
-	The source cell starts forwarding as soon as the UE has shown up in the target cell (i.e. late forwarding) 
-	The source cell starts forwarding already when a target cell has been prepared (i.e. early forwarding)
A quick observation, due to the possibility of configuring multiple CHO target cells, would be that early forwarding to multiple cells could be extremely burdensome to network (as all prepared cells would immediately start buffering packets without knowing when they can be even sent). In addition, some companies in the past suggested the point in time when forwarding shall occur should be indicated with the “bye message” sent by the UE to the source cell, informing that it is ready to switch entirely to the target eNB. In our understanding, this solution has large degree of unreliability (as the CHO triggering may e.g. be done when the source cell signal quality becomes bad, which would make it less likely that the “bye” is received, so additional mechanisms to handle missing “bye” commands would anyway be needed) and cannot be regarded as a baseline component of CHO scheme. For the time being, we would suggest the following:
Proposal 4: RAN2 assumes that the baseline operation for E-UTRAN Conditional HO utilizes late packet forwarding (i.e. not immediately when the CHO target cells become prepared). 
However, we recognize the role RAN3 has in this area, so our suggestion would be to send the LS to RAN3 when their LTE feMob work is about to begin (i.e. before May 2019). As RAN3 ultimately determines how data forwarding is done, this still allows RAN2 to continue with the work while RAN3 considers whether the assumption works.
Proposal 5: RAN2 to inform the CHO assumptions to RAN3 via LS latest at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects within their scope (e.g. data forwarding enhancements).
3	Conclusions
This paper attempted to clarify several details of the Conditional Handover procedure in E-UTRAN. As a result, we have made the following proposals:
Proposal 1: The baseline operation for E-UTRAN CHO procedure assumes that the legacy HO preparation is reused (i.e. HO command contains dedicated RRC configuration indicating the HO triggering condition and UE accesses the prepared target cell when the condition is met).
Proposal 2: The baseline operation for E-UTRAN CHO procedure is explicit deconfiguration of the prepared CHO target cells. The source cell can also release a previously provided CHO command via using RRC reconfiguration towards UE. Handling of cases where explicit deconfiguration fails and whether additional mechanisms (e.g. timers) are needed for those can be considered in the Stage-3 discussion.
Proposal 3: The baseline operation for E-UTRAN’s Conditional HO assumes the source cell remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration message to target eNB. 
Proposal 4: RAN2 assumes that the baseline operation for E-UTRAN Conditional HO utilizes late packet forwarding (i.e. not immediately when the CHO target cells become prepared). 
Proposal 5: RAN2 to inform the CHO assumptions to RAN3 via LS latest at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects within their scope (e.g. data forwarding enhancements).
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Annex: Simple example of basic CHO Stage-2 text 
[bookmark: _Toc535274905]10.1.2.1	Handover
The intra E-UTRAN HO of a UE in RRC_CONNECTED state is a UE-assisted network-controlled HO, with HO preparation signalling in E-UTRAN:
-	Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;
-	To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context):
-	When CA is configured and to enable SCell selection in the target eNB, the source eNB can provide in decreasing order of radio quality a list of the best cells and optionally measurement result of the cells.
-	When DC is configured, the source MeNB provides the SCG configuration (in addition to the MCG configuration) to the target MeNB.
-	Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;
-	If RACH-less HO is not configured, the UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:
-	the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);
-	If RACH-less HO is configured, the UE accesses the target cell via the uplink grant preallocated to the UE in the RRC message. If the UE does not receive the preallocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell;
-	If the access towards the target cell (using RACH or RACH-less procedure) is not successful within a certain time, the UE initiates radio link failure recovery using a suitable cell;
-	If the HO command contains a triggering condition for HO execution, the UE does not immediately execute the HO command but stores it until the triggering condition is met or the HO command is released; If the triggering condition is met, UE immediately executes the HO command and accesses the target cell;
-	No ROHC context is transferred at handover;
-	No UDC context is transferred at handover;
-	ROHC context can be kept at handover within the same eNB.



