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In RAN2#105bis meeting, we made some further progress about conditional handover (CHO) for handover robustness improvement in LTE. We have the following agreements and FFS issues.
	Agreements
1: The CHO command contains at least the configuration information of target cell(s) and triggering conditions.
=> FFS who decides the triggering conditions (source, target or source+target)
=> FFS on transparent containers.
=> FFS on the Stage-3 details
Agreements
1 Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.
2 Conventional handover overrides any configured conditional handover command
3 The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.
=> FFS how “CHO cmd” is formulated in Stage-3 signalling 
=> FFS whether UE continues to receive source cell while executing CHO cmd. 
=> FFS what UE does if it receives HO cmd while executing CHO cmd. 
=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 
=> FFS whether UE stores CHO commands in failure cases
=> FFS whether CHO candidates can be released via other means.



In this contribution, we further discuss the RAN2 details of the CHO procedures. 
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FFS issues illustrated
The RAN2 FFS issues fit into the following categories:
1. Measurement report
2. CHO command
3. Releasing CHO candidate
4. CHO execution
In the figure below, we illustrates RAN2 and RAN3 FFS issues. In this paper, we only discuss RAN2 issues. RAN3-related issues can be further discussed once we receive RAN3 reply LS.



Figure 1.	CHO baseline procedure and remaining issues

More details on FFS issues
1.1.1 Measurement configuration and report
Measurement events for conditional handover
With conditional handover, the robustness of measurement report and handover command can be improved by earlier transmission before serving cell channel degradation. To support conditional handover, a lower threshold to trigger early measurement report is needed. Thus, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Measurement report
In RRM measurement procedure, the network may configure a measurement event for a UE, and the UE sends measurement report once the configured measurement event is triggered, i.e., the associated conditions are satisfied. For conditional handover, the measurement events similar to those for normal handover will be defined, but with lower thresholds. This means more measurement reports are to be sent, introducing more signalling overhead.
One way to reduce the number of measurement reports is to report only those cells that are better than current best candidate. This is explained in the figure below. 
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Figure 2. Necessary vs. unnecessary measurement report
Figure 2(a) shows an example of necessary measurement report:
· t1: UE is served by eNB1
· t2: UE detects eNB2, report eNB2 and then eNB2 is configured as candidate for CHO
· t3: UE detects eNB3, and the RSRP of eNB3 is higher than that of eNB2. UE reports eNB3 and eNB3 is configured as CHO candidate.
· t4: UE executes handover towards eNB3.
Figure 2(b) shows an example of unnecessary measurement report:
· t1: UE is served by eNB1
· t2: UE detects eNB2, report eNB2 and then eNB2 is configured as candidate for CHO
· t3: UE detects eNB3, however the RSRP of eNB3 is NOT as good as eNB2. UE does not report eNB3 and thus eNB3 is not configured as CHO candidate.
· t4: UE executes handover towards eNB2.
Proposal 2:	Measurement report for the events configuring CHO candidate is sent only when a new cell meets the event-triggering criteria and the new cell is better than current best candidate.
Similar to LTE measurement report for handover, when a measurement report for CHO is sent, in addition to the newly reported cell, it also includes current candidates that still satisfy the event-triggering conditions.
Proposal 3:	When a measurement report for CHO is sent, in addition to the newly reported cell, it also includes current candidates that still satisfy the event-triggering conditions.

1.1.2 Conditional handover command
Content of CHO command
In legacy handover, the triggering condition is determined by source eNB. Upon receiving HANDOVER REQUEST message from source eNB, target eNB performs admission control and then sends HANDOVER REQUEST ACKNOWLEDGE message to source eNB, carrying a transparent container to be sent to the UE as an RRC message to perform the handover. The container includes a new C-RNTI, target eNB security algorithm identifiers, and may include a dedicated RACH preamble and other parameters (access parameters, SIB). 
In CHO, although handover does not take place right after reception of CHO command, we believe that the triggering condition for CHO execution should be determined by the source eNB. This not only aligns with legacy handover, but also allows simpler configuration. For example, when multiple CHO candidates are configured, the source eNB may configure a single triggering condition that applies to multiple candidates, and a candidate is chosen as target once the triggering conditions are met. Moreover, legacy the transparent container can be reused.
Proposal 4:	Triggering conditions for CHO are determined by source eNB.
Proposal 5:	One triggering condition can be applied to multiple CHO candidates.
Proposal 6:	Current transparent container in HANDOVER REQUEST ACKNOWLEDGE message can be reused.
CHO command and failure recovery
Although CHO is to be introduced, the network may prefer to configure normal HO as the main mobility procedure, and configure CHO as a backup mechanism. In this way, the network can have more control on UE mobility, but once legacy HO fails, UE can access candidate cells prepared for CHO, instead of triggering RRC re-establishment. Therefore, although we agreed that “conventional handover overrides any configured conditional handover command,” the UE should not discard CHO commands right upon receiving conventional handover command. Instead, it should do this after CHO execution completes. The agreed “override” behaviour simply means that the UE should executes the conventional handover command immediately upon reception.
Similarly, when UE starts CHO executions towards a selected candidate cell, the UE should keep the configuration of other candidates until CHO execution complete. In this way, if CHO execution fails, UE can access other candidate cells.
Proposal 7:	CHO-configured UE receiving conventional HO command should execute handover immediately, and keep CHO configurations until handover complete.
Proposal 8:	When UE starts CHO executions towards a selected candidate cell, the UE should keep the configuration of other candidates until CHO execution complete.
1.1.3 Validity for CHO commands / De-configuration of candidates
· A CHO candidate cell cannot be valid forever. A validity timer can be configured for each CHO command at both UE and network sides.
· At UE side, each UE maintains only one validity timer at a time, and all candidate cells are invalidated when the timer expires.
· At network side, a candidate cell may no longer be valid when it is not included in the latest CHO command, or when UE performs handover to another cell. The UE contexts kept and dedicated resources reserved in an invalid candidate cell should be released. This can be done either (1) upon expiry of validity timer, or (2) by an explicit signalling. The mechanism to release resource and UE context in unselected candidate cells can be further studied, taking into account resource occupation and X2 signalling overhead.
Proposal 9:	A validity timer can be optionally associated with each CHO command.
1.1.4 Conditional handover execution
Conditions for initiation of conditional handover 
For LTE CHO, the following events have been considered:
· A3: Neighbour becomes offset better than PCell
· A4: Neighbour becomes better than threshold
· A5: PCell becomes worse than threshold1 and neighbour becomes better than threshold2
In NR session, we actually agreed to have A3 and A5 events for triggering of CHO execution, and we believe that this can be applied in LTE CHO. For example, the network may configure A3 event for intra-frequency and A5 event for inter-frequency handover, respectively. Then for A4 event, our understanding is that A4 is used for SCell addition or load balancing handover. As the usage is not relevant to the mobility robustness issue, we suggest not considering Event A4 for triggering condition of CHO execution.
Proposal 10:	Existing A3 and A5 measurement events can be used for triggering CHO execution, other events are not.
Late packet forwarding: Indication of CHO initiation and SN status transfer
RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells.
· In normal HO, the initiation of handover execution is clearly indicated as source eNB sending out handover command. Upon reception of handover command, the UE detaches from old cell and perform synchronization to new cell. SN status transfer and packet forwarding are also performed after delivery of the HO command. In CHO, however, UE still performs data transmission with the source eNB after the conditional HO command is received. Also, the source eNB needs to know to which target eNB the SN status and packets should be forwarded. Therefore, additional indication of CHO initiation is needed. 
· The indication message from UE can be sent to either source eNB or target eNB:
(1) Indication message sent to source eNB: This is considered as a “bye” message. Upon receiving the “bye” message, the source eNB can start SN status transfer and packet forwarding, as in legacy handover. The major concern of this method is the reliability of the “bye” message reception.
(2) Indication message sent to target eNB: When preconfigured conditions are met, UE performs RA towards the target eNB, and UE sends an indication, e.g., a CHO Execution Request, to target eNB. Then there should be some way to inform source eNB the initiation of conditional handover. For example, upon reception of the conditional handover indication message, which also carries the source cell ID, target eNB may send a SN status transfer request message to source eNB, and then source eNB can perform SN status transfer and packet forwarding.
Proposal 11:	For late packet forwarding, upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB.
Proposal 12:	For late packet forwarding, upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
UE continues to receive source cell while executing CHO command
In legacy handover procedure, UE stops reception from source eNB once it starts synchronization towards target eNB. We suggest that CHO execution follow the same principle, and UE stops reception from source cell once it starts synchronization towards the selected CHO candidate cell. In this way, the UE is not possible to receive HO command while executing CHO, and the corresponding FFS issue (FFS what UE does if it receives HO cmd while executing CHO cmd.) can be ignored. Notice that RAN2 is also discussing handover interruption reduction solutions, which involve simultaneous reception from both source and target eNBs. This topic can be revisited once we confirm the solutions for handover interruption reduction.
Proposal 13:	UE stops reception from source cell once it starts synchronization towards the selected CHO candidate cell. This topic can be revisited once we confirm the solutions for handover interruption reduction.
NW removes CHO command while UE executing the same CHO command
If implicit de-configuration is used (i.e., validity timer), a CHO candidate cells cannot be de-configured once the UE starts CHO execution. However, with explicit de-configuration, it is possible that NW de-configures a CHO candidate towards which the UE is executing CHO. In this case, we suggest that the de-configuration be considered effective, that is, the target eNB should reject UE’s connection request.
Proposal 14:	If NW de-configures a CHO candidate (target eNB) towards which the UE is executing CHO, the target eNB should reject UE’s connection request.

Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Proposal 2:	Measurement report for the events configuring CHO candidate is sent only when a new cell meets the event-triggering criteria and the new cell is better than current best candidate.
Proposal 3:	When a measurement report for CHO is sent, in addition to the newly reported cell, it also includes current candidates that still satisfy the event-triggering conditions.
Proposal 4:	Triggering conditions for CHO are determined by source eNB.
Proposal 5:	One triggering condition can be applied to multiple CHO candidates.
Proposal 6:	Current transparent container in HANDOVER REQUEST ACKNOWLEDGE message can be reused.
Proposal 7:	CHO-configured UE receiving conventional HO command should execute handover immediately, and keep CHO configurations until handover complete.
Proposal 8:	When UE starts CHO executions towards a selected candidate cell, the UE should keep the configuration of other candidates until CHO execution complete.
Proposal 9:	A validity timer can be optionally associated with each CHO command.
Proposal 10:	Existing A3 and A5 measurement events can be used for triggering CHO execution, other events are not.
Proposal 11:	For late packet forwarding, upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB.
Proposal 12:	For late packet forwarding, upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
Proposal 13:	UE stops reception from source cell once it starts synchronization towards the selected CHO candidate cell. This topic can be revisited once we confirm the solutions for handover interruption reduction.
Proposal 14:	If NW de-configures a CHO candidate (target eNB) towards which the UE is executing CHO, the target eNB should reject UE’s connection request.

Reference
[1] RP-181475, New Work Item on even further Mobility enhancement in E-UTRAN	China Telecom
6

image1.emf
UE Source gNB

Candidate 

gNB#1

Candidate

gNB#2

Measurement Report (#1)

Conditional HO Request

Conditional HO Response

CHO 

Decision

Adm. Ctrl.

CHO Command (#1)

Measurement Report (#2)

Conditional HO Request

Conditional HO Response

CHO 

Decision

Adm. Ctrl.

CHO Command (#2)

Conditional HO Cancel

Discard CHO 

Resource

Release #1

SN Status Transfer

Data Forwarding

CHO 

Initiation

packet data

Sync and RA

RRC Reconfiguration Complete

SN Status Transfer Request

1

3

1

2

2

C

H

O

 

e

x

e

c

u

t

i

o

n

4

RAN2 issue RAN3 issue


oleObject1.bin
UE


Source gNB


Candidate gNB#1


Candidate
gNB#2


Measurement Report (#1)


Conditional HO Request


Conditional HO Response



image2.emf
eNB1

t1

t2

t3

t4

eNB3

eNB2


oleObject2.bin

image3.emf
eNB1

t1

t2

t3

t4

eNB3

eNB2


oleObject3.bin

