3GPP TSG-RAN WG2 #105
R2-1901003
Athens, Greece, 25th February – 1st March, 2019
Agenda item:

12.3.3
Handover robustness improvements
Source:

NEC
Title:

Conditional handover procedure in LTE
Document for:

Discussion and Decision

1. Introduction
In RAN2#104, it was agreed that RAN2 will consider a conditional handover and support configuration of one or more candidate cells for conditional handover [1]. In this contribution, we discuss an expected procedure of the conditional handover in LTE. For example, we discuss which node (i.e. source or target) should configure a condition and whether there is any other specific configuration. Then, we propose a baseline assumption.
2. Discussion
2.1
Condition for conditional handover
Firstly, we discuss some aspects regarding a condition for the conditional handover.

What type of condition?
In RAN2#104, some contributions showed example procedures [2] and also some proposed to discuss which node (i.e. source or target) should configure a condition [3-5]. To discuss this issue, a baseline assumption on the condition is necessary. So far, we understand that most companies assume the condition could be a certain threshold with respect to the radio quality based on RRM measurements. 
Other type of condition may be considered additionally, if useful and feasible. In the following we assume the condition for the conditional handover will be the threshold with respect to the radio quality and only one condition for each of candidate target cell to avoid unnecessary complexity. We also assume the current X2 messages with leaving discussion on the need of new message up to RAN3. 
Observation 1: at least, radio quality based condition will be useful and feasible.
Who decide the condition?
There are two options for deciding the condition;

· Option 1)
source eNB decides
· Option 2) target eNB decides
In the option 1, the source eNB decides the condition which may be threshold values (e.g. offset) between the source cell quality and the target cell quality like Event A3. Since the source eNB also knows, better than the target eNB, the radio quality of neighbor cells which are overlapped with or adjacent to the source cell based on the RRM measurement report, the option 1 would be suitable for radio quality based condition.
On the other hand, in the option 2 the target can also have some radio quality information which may be sent from the source eNB in the conditional handover request. However, the target eNB will not know which threshold value (e.g. offset) is appropriate for incoming handover from the source cell of other eNB to the own target cell. The condition will tend to be sub-optimal.
Therefore, given that the condition is some values with respect to the radio quality, the option 1 would be better choice. Note that if the condition is other parameter or a certain event not related to the radio quality, then the conclusion may be different (i.e. option 2 may or may not be a better choice).
Observation 2: source eNB will decide the condition for the conditional handover.
How to deliver the condition?
There are two alternative ways to deliver the condition to the UE in assuming the source decides the condition  (as per proposal 1);
· Alternative 1) introduce new IE/field in RRCConnectionReconfiguration message
· Alternative 2) Contained in HandoverCommand by target
In the alternative 1, when the handover request ack is received from the target eNB, the source eNB includes the condition into the RRCConnectionReconfiguration message by linking to the candidate target cell. This may bring some benefits when the condition is common for multiple candidate cells by avoiding the repetition of the same information. Also, it can avoid additional information over X2 signaling. 

On the other hand, if the condition should be specific to each candidate cell, then the alternative 2 will be useful. Since details in the case of more than one candidate cells should be discussed further and this issue would not be so controversial compared with other issues, we put this issue as FFS for now.
Observation 3: If the condition is common to more than one candidate target cells, the alternative 1 will bring some benefits in reducing signaling overhead. Otherwise, the alternative 2 may be useful.

Based on the discussions and observations above, we propose:
Proposal 1: RAN2 to agree the following as a baseline assumption:
· Condition will be a threshold value(s) with respect to the radio quality of source cell and/or target cell(s) based on RRM measurements. Other type of condition is not precluded.
· FFS: further detail of the condition
· Source eNB will decide the condition.
· RRCConnectionReconfiguration message from the source eNB to the UE includes the condition and other configurations for the conditional handover.
· FFS: how to include the condition, e.g. whether the source includes the corresponding IE/field directly or the target includes the IE/field in the HandoverCommand as it was received from the source via HandoverPreparationInformation.


[image: image4.png]UE

Measurement Report
based on e.g lower threshold

RRCConnectionReconfiguration
[ Condition]

source
Candidate target cell(s),
/ Condition(s), etc
CHO
decision

Conditional Handover Request

target cell (list), etc]

[ HandoverPreparationinformationincl. Candidate

target

Conditional Handover Request Ack

[ HandoverCommand incl. Target cell configuration(s) ]

CHO
acceptance

k





Figure 1: Baseline assumption of the conditional handover configuration

2.2
Other possible parameters
There were other parameters proposed in some contributions [4,5], e.g. leaving condition or validity timer. 
Regarding the leaving condition which will trigger the stop of conditional handover (both evaluation of the condition and execution of handover), this may help to prevent the UE from waiting for unnecessary long time for the conditional handover. The same or similar behavior may be performed by the validity timer. The leaving condition could configure more detail trigger to stop the conditional handover, while this would increase the number of configured parameters and thus signaling overhead. The validity timer could not be configured smart enough but the consequence for both configurations will be the same, i.e. the UE just stops the conditional handover. That means the source eNB will need to take care of the UE mobility anyway even after configuring the conditional handover to some extent. In this sense, the validity timer would be sufficient, if a mechanism to stop the conditional handover is necessary. Otherwise (or anyway), the source eNB can de-configure the conditional handover.
Observation 4: If a mechanism to stop conditional handover is necessary, the validity timer is simple and will be sufficient.

Given that the validity timer might be introduced, a remaining question is who decide the value and how the timer is configured. Since the validity timer is more or less impacting on the resource reservation by the target, the target eNB should know the value at least. For simplicity, as the source eNB will decide the condition, the validity timer value can be also decided by the source and then it is informed to the target eNB. If the target eNB cannot accept, then the conditional handover request can be rejected.

Proposal 2: RAN2 to discuss the need of a mechanism to explicitly stop conditional handover.
Proposal 2a: If a mechanism to explicitly stop conditional handover is necessary, the source eNB should decide the validity timer and inform the target eNB of the timer value.
2.3
Explicit indication of handover initiation
There were some discussions and proposals regarding the explicit indication of handover initiation [3,5]. The main motivation sending this indication is to let the source know that the UE is going to leave the source cell. Upon receiving the indication, the source eNB may send the SN Status Transfer to the target eNB.
Introducing this indication is actually involving pros and cons. The possible benefits will be that the source can start data forwarding timely and the data interruption due to the handover can be reduced compared to the case without the indication. On the other hand, the negative aspect will be a potential delay due to sending the indication. In most case of handover, the radio quality especially uplink will be already degraded and thus the indication may be failed or take a few times of HARQ retransmissions.
With these observations, we consider that a handover initiation indication may work without big negative impact, if it is done by a simple mechanism. For example, the indication is to be sent over L1 signaling (e.g. PUCCH or dedicated PRACH preamble) on pre-configured resources. This indication may be failed but there will be no critical problem as the fall back mechanism is available. It would be useful to discuss such simple mechanism for handover initiation indication from the UE to the source eNB.
Proposal 3: RAN2 to discuss a following possible mechanism of handover initiation indication.
1) UE receives RRCConnectionReconfiguration message including configurations of conditional handover, which also include radio resources used for L1 signaling of handover initiation indication.
2) Upon condition matched, the UE sends the handover initiation indication to the source eNB and triggers the handover to the target cell.

· if source cannot receive it successfully, the source may continue data transmission to the UE.

3) Once handover is completed, the target eNB sends the handover complete information (e.g. UE Context Release) to the source eNB and the source eNB knows the conditional handover completion.

· Even if source cannot receive the indication at 2), this can be the fall back mechanism for the source.
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Figure 2: Conditional handover initiation indication
3. Conclusion

In this contribution we discussed the expected procedure of the conditional handover in LTE regarding which node (i.e. source or target) should configure a condition and whether there is any other specific configuration. Then, we made the following proposals.
Proposal 1: RAN2 to agree the followings as a baseline assumption:
· Condition will be a threshold value(s) with respect to the radio quality of source cell and/or target cell(s) based on RRM measurements. Other type of condition is not precluded.
· FFS: further detail of the condition
· Source eNB will decide the condition.

· RRCConnectionReconfiguration message from the source eNB to the UE includes the condition and other configurations for the conditional handover.

· FFS: how to include the condition, e.g. whether the source includes the corresponding IE/field directly or the target includes the IE/field in the HandoverCommand as it was received from the source via HandoverPreparationInformation.
Proposal 2: RAN2 to discuss the need of a mechanism to explicitly stop conditional handover.
Proposal 2a: If a mechanism to explicitly stop conditional handover is necessary, the source eNB should decide the validity timer and inform the target eNB of the timer value.

Proposal 3: RAN2 to discuss a following possible mechanism of handover initiation indication.
1) UE receives RRCConnectionReconfiguration message including configurations of conditional handover, which also include radio resources used for L1 signaling of handover initiation indication.

2) Upon condition matched, the UE sends the handover initiation indication to the source eNB and triggers the handover to the target cell.

· if source cannot receive it successfully, the source may continue data transmission to the UE.

3) Once handover is completed, the target eNB sends the handover complete information (e.g. UE Context Release) and the source eNB knows the conditional handover completion.

· Even if source cannot receive the indication at 2), this can be the fall back mechanism for the source.
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