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Introduction
A new WI [1] for even further Mobility enhancement in E-UTRAN was approved at RAN#80. The WI scope covers the following:
· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]
This work has been split into the following phases:
· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.
· Work Phase, to specify the chosen solution(s)
Multiple agreements have been made to progress the feature definition of LTE Conditional Handover (CHO). Following RAN2#106, an email discussion [8] summarizes open aspects regarding details of CHO execution. One such area of discussion has focused on if and whether a “bye” message from UE to the source cell is required. In this contribution, we focus on the fact that if UE is still able to have a link (even if it is at cell edge, and even if link is fading fast) to the source cell, then does it make sense for the UE to have the possibility to send a CHO “bye” message to source node?
Discussion
At RAN2#105bis, several contributions e.g. [3] proposed that if UE receives a legacy HO command whilst CHO is in progress then legacy HO command overrides CHO. As a result, RAN2#105bis agreed to the following:
Agreements

1  Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.
2  Conventional handover command overrides any configured conditional handover command
3  The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.

Since the source eNB has no apriori knowledge of the exact time a CHO trigger condition is met at the UE, it is possible for source eNB to send conventional handover command any time between issuance of a CHO command and notification from a CHO target eNB of UE’s arrival.  
Observation 1: Link conditions notwithstanding, it is possible for the source eNB to send conventional HO command to a UE for which a CHO command was previously sent.
The consequence of the above assertion (validated during RAN2#105bis) is that it is possible for a UE that is executing CHO to receive L3 (RRC) signaling. If case be, then corollary should stand true as well in that it should be possible for UE to send L3 (RRC) signaling to the source cell whilst it is middle of CHO execution with a candidate cell as long as it hasn’t already started RACH on the target cell. 
Observation 2: Link conditions and capabilities notwithstanding, based on observation#1 it is also possible for the UE, for which CHO has been triggered, to send L3 (RRC) signaling messages to source cell until UE has started RACH attempt on the target cell. 
The question which begs an answer is whether and in what form does it make sense for UE to send a “bye” message prior to UE attempting RACH on candidate cell. At RAN2#105bis various options were called out:
a. Contributions such as [4], [6] advocate a “bye” message sent from UE to source (eNB) cell. Upon receipt of which the source eNB can start SN status transfer and packet forwarding, as in legacy handover. Even though not explicitly stated we assume such a message to be an RRC-level message.
b. Contributions such as [5] advocate a light-weight “bye” message sent from UE to source (eNB) cell on pre-configured resources (e.g. PUCCH or dedicated PRACH preamble) of the source eNB. We equate this to mean a message for which a maximum number of L1- retransmissions occur; but no L2 (HARQ)/L3 (RLC) retransmissions.
c. Contributions such as [3] advocate not taking any action on the source link immediately prior to, during or after a successful RACH procedure w/ candidate cell. In this option, it is expected that the target node informs the source node (e.g. via PATH SWITCH or similar message) of the HO completion.
In our opinion it is important to first understand whether a “bye” message (regardless of whether its L3, L2 or L1- based) for the source link (UEsource eNB) is beneficial. A key tenet of CHO is the ability to reserve resources on multiple candidate cells in advance. Resources reserved (including a CFRA RACH) for a specific UE implies resources not available to some other UE(s). It stands to reason that the sooner the fate of such resources is known (either employ or discard) the better the expected system performance (spectral efficiency). 
Observation 3: The sooner the source eNB can release unutilized resources across target cell(s) the better the expected system performance and utilization. 
Any mechanism which aids achieving observation#3 is therefore warranted. 
Then it becomes a question of gains vs pains:
· /c/ provides the least of pain as no new system functionality is expected. However, it also provides the least of gains. Source eNB doesn’t know of CHO execution until upon CHO completion. While the source eNB’s effort to perform resource cleanup on candidate target cell(s) remains the same, it does allow less(er) candidate target resources to be available for potential CHO and non-CHO UEs on the said target cell(s).
· /a/ can be implemented with minimal effort - restricted mostly to L3 and perhaps an L2 (if new RRC msg is used) but it may end up delaying CHO execution if L1 (PHY, RV based) + L2 (HARQ) + L3 (possibly RLC-based) retransmissions occur due to degrading source link quality.
· /b/ requires the most implementation effort (including RAN1 enhancements) but provides the most gains. One might argue that if source eNB starts the clean-up efforts for this UE on both itself and candidate cell(s) which UE didn’t end up using and if RACH w/ intended candidate cell fails then UE will not be allowed to execute this w/ other candidates either. What is important to understand is that RACH failures operate at a timescale much shorter than Xn interactions. Hence, we don’t expect this to be an issue which would warrant a solution at this time.
It is therefore the opinion of the authors, and in line with authors’ response in [8], that a light-weight CHO “bye” solution (PHY enhancements required) (similar to /b/) is worth pursuing i.e. adopting a “fire-and-forget” or “one-shot” CHO “L1 bye” message without HARQ should be considered. Such an L1 message could use PUCCH[footnoteRef:2] resource configuration and can be investigated by RAN1. Having information about the target cell (e.g. PCI) towards which the UE is executing the CHO can also be beneficial for the source eNB to perform actions such as faster initiation of resource cleanup on candidate target cell(s) other than the one UE is initiating CHO towards. [2:  PUCCH is nominally used to transmit uplink control information (UCI) such as HARQ ACK/NACK when configured/triggered to do so by the gNB. As PUCCH format to be employed is a function of message payload size, either existing PUCCH format(s) or a new PUCCH format could be employed. Details are under RAN1 purview.] 

Possible L1- design details can be found in companion paper [9].
Conclusion 1: RAN2 should agree to defining a Condition Handover “Bye” procedure between UE and source eNB with the following characteristics:
· It is a L1- only message sent without any retransmissions. Note, the details of this message are up to RAN1
· It is sent by the UE when CHO triggering criteria are met (i.e. a triggering condition evaluates to true) but before attempting RACH on the target eNB
· Upon sending of which, UE proceeds with CHO procedures on the target eNB
· Optionally, this L1-only message allows the UE to provide target cell’s PCI towards which CHO is being executed
Note, this mechanism is assumed to be in addition to current HO behavior wherein upon successful completion of RACH procedure on target cell the target cell will inform the source cell of the CHO completion (details are FFS and for RAN3 to decide).
Conclusion 2: If conclusion#1 is agreeable, then source eNB behavior upon receipt of the L1-only CHO “bye” msg should be defined by RAN3. Actions include e.g. source eNB starting cleanup of reserved resources on other target cell(s), or source eNB starts data forwarding towards selected CHO target eNB, or leave it implementation dependent etc.
Conclusion 3: RAN2 should liaise with RAN1 and RAN3 to define functionality mentioned in Conclusion#1 and Conclusion#2. Draft LS is provided in [7].
Conclusion 4: The above agreements are applied to NR mobility enhancement work as well.
Then, in line with the general spirit of aligning LTE_feMob agreements with NR_mob_enh agreements (and vice-versa), it is proposed to apply the above conclusions to NR mobility enhancement work as well.
Conclusion
The following proposals are provided in this contribution:
[bookmark: O1]Observation 1: Link conditions notwithstanding, it is possible for the source eNB to send conventional HO command to a UE for which a CHO command was previously sent.
[bookmark: O2]Observation 2: Link conditions and capabilities notwithstanding, based on observation#1 it is also possible for the UE, for which CHO has been triggered, to send L3 (RRC) signaling messages to source cell until UE has started RACH attempt on the target cell. 
[bookmark: O3]Observation 3: The sooner the source eNB can release unutilized resources across target cell(s) the better the expected system performance and utilization. 

[bookmark: C1]Conclusion 1: RAN2 should agree to defining a Condition Handover “Bye” procedure between UE and source eNB with the following characteristics:
· It is a L1- only message sent without any retransmissions. Note, the details of this message are up to RAN1
· It is sent by the UE when CHO triggering criteria are met (i.e. a triggering condition evaluates to true) but before attempting RACH on the target eNB
· Upon sending of which, UE proceeds with CHO procedures on the target eNB
· Optionally, this L1-only message allows the UE to provide target cell’s PCI towards which CHO is being executed
Note, this mechanism is assumed to be in addition to current HO behavior wherein upon successful completion of RACH procedure on target cell the target cell will inform the source cell of the CHO completion (details are FFS and for RAN3 to decide).
[bookmark: C2]Conclusion 2: If conclusion#1 is agreeable, then source eNB behavior upon receipt of the L1-only CHO “bye” msg should be defined by RAN3. Actions include e.g. source eNB starting cleanup of reserved resources on other target cell(s), or source eNB starts data forwarding towards selected CHO target eNB, or leave it implementation dependent etc.
[bookmark: C3]Conclusion 3: RAN2 should liaise with RAN1 and RAN3 to define functionality mentioned in Conclusion#1 and Conclusion#2. Draft LS is provided in [7].
[bookmark: C4]Conclusion 4: The above agreements are applied to NR mobility enhancement work as well.
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