[bookmark: OLE_LINK137][bookmark: OLE_LINK138]3GPP TSG-RAN WG2 Meeting #105bis	R2-1903241
Xi’an, China, 8th – 12th April 2019


Agenda Item:	12.3.3.1
Source: 	MediaTek Inc.
Title:  	Justification for Validity Timer in Conditional Handover

Document for:	Discussion and decision
[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In RAN2#105 meeting, we made the following agreements about conditional handover (CHO) for handover robustness improvement in LTE.
	Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 
4: 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 case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).


[bookmark: _GoBack]The agreements are based on the report of corresponding offline discussion [1]. However, there was a proposal about the de-configuration of CHO in the report eventually not included in the final agreements.
	Proposal 2: The baseline operation for E-UTRAN Conditional HO procedure assumes explicit deconfiguration of the prepared CHO target cell(s), i.e. the source cell can release the previously provided CHO command type of message using RRC reconfiguration towards UE. Implicit deconfiguration (e.g. timer controlling the validity of preparation) should be further studied.


The proposal was not agreed mainly because we could not reach consensus on the need of validity timer. From UE perspective, a timer is needed so as to avoid resource occupation, but from network perspective, it may be unclear how to configure proper timer values. In this contribution, we justify the need of validity timer, and explain why 
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Configuration and de-configuration 
In the preparation stage of legacy handover procedure, UE context is transferred to the target cell, then the target cell sends RRC configuration and random access (RA) information (in a container) to source cell, and then the information is sent to UE via a handover command. A prepared CHO candidate may be de-configured if the network thinks it is no longer needed.
Figure 1 illustrates a moving UE capable of CHO.


Figure 1.	A moving UE capable of CHO
For the UE in Figure 1:
· At t1, UE is served by eNB1.
· At t2, UE detects eNB2, and the network configures eNB2 as a candidate eNB.
· At t3, UE detects eNB3, and eNB3 is configured as CHO candidate. If multiple candidates are allowed, both eNB2 and eNB3 are now candidates; otherwise, eNB2 needs to be explicitly de-configured in both X2 (eNB1 to eNB2) and Uu (eNB1 to UE).
· At t4, UE executes CHO towards eNB3. If eNB2 is still a candidate at this point, eNB2 will be autonomously removed from candidate list in UE, but eNB2 still needs to be explicitly de-configured in X2 (eNB1 to eNB2).
Observation 1:	The de-configuration of unused CHO candidate cell brings signaling overhead.
Implicit de-configuration via validity timer
In CHO, not every configured candidate cell will be chosen as the target for handover. A cell cannot keep UE context and CHO configuration for a UE forever, and it needs to be de-configured at some point of time. As indicated in previous section, de-configuration of unselected candidate cell also contributes to CHO signalling overhead. One simple way to reduce this part of overhead is to configure validity timer(s) for candidate cell(s), and a candidate cell is implicitly de-configured once the associated validity timer expires.
We conduct simulations to evaluate the mobility performance and signalling overhead for CHO with and without validity timer. We consider the handover performance metrics (handover failure rate, ping-pong rate), major Uu signals (measurement report (MR), CHO command (CMD)) and X2 signals (CHO preparation, validity timer extension, de-configuration), for a single UE moving for one hour in a LTE network. Moreover, for the explicit de-configuration method, we consider a mechanism in which a candidate cell is explicitly de-configured only when the UE executes handover to another candidate cell (we assume that multiple candidate cells can be supported). For the validity timer method, when the validity timer is about to expire, network checks the validity of candidate cells and sends Validity Extension message to candidate cells that are still valid. We consider UE moving at different speeds (30 km/h and 120 km/h), and the results are shown below.
UE speed 30km/h
Numerical results for CHO with different validity timer are provided in Figure 2(a) to (c). For CHO with explicit de-configuration, we see mobility performance similar to that for long validity timer (2000 ms); additional 425 de-configuration signals sent in one hour, but 125 timer extension signal can be saved, and this means explicit de-configuration brings a 31% X2 signalling overhead increase to the validity timer method.

Figure 2(a) Handover performance for different validity timer values, 30km/h

Figure 2(b)	Uu interface signalling overhead for different validity timer values, 30km/h

Figure 2(c)	X2 interface signalling overhead for different validity timer values

UE speed 120 km/h
Numerical results for CHO with different validity timer are provided in Figure 3(a) to (c). For CHO with explicit de-configuration, we see mobility performance similar to that for long validity timer (2000 ms); additional 2617 de-configuration signals sent in one hour, but 165 timer extension signals can be saved, and this means explicit de-configuration brings a 50% X2 signalling overhead increase to the validity timer method.


Figure 3(a)	Handover performance for different validity timer values

Figure 3(b)	Uu interface signalling overhead for different validity timer values, 120 km/h

Figure 3(c)	X2 interface signalling overhead for different validity timer values, 120 km/h

From the above numerical results, we have the following observations:
· With the validity timer method, each metric converges as validity timer length increases. That is, the length of validity timer has little impact on the mobility performance once the length is above some threshold. Therefore, the network can set the validity timer length as any value above such threshold, simply based on how long an eNB is expected to keep UE context. 
· With the validity timer method, the Validity Extension mechanism introduces some X2 signalling overhead when timer is short. However, when timer is long, there is almost no validity extension, since the candidates are mostly invalid upon validity timer expiry.
· With the explicit de-configuration method, significantly higher X2 signalling overhead is observed compared to the validity timer method, which mainly comes from de-configuration of unused candidate cells. The 
Observation 2:	Compared to de-configuration with explicit message, implicit de-configuration using validity timer significantly reduces X2 signalling overhead. 
Since the CHO target is configured via RRC message, the network should also be able to de-configure a CHO target cell via RRC message, which can be a full reconfiguration or modification/release message. To save X2 signalling overhead, validity timer can be optionally associated with CHO candidate cells. When validity timer expires, the candidate cells are implicitly de-configured.
Proposal 1:	Explicit de-configuration of the prepared CHO target cell(s) is supported for E-UTRAN Conditional HO procedure, i.e. the source cell can release the previously provided CHO command type of message, via RRC reconfiguration towards UE.
Proposal 2:	Validity timer can be optionally associated with CHO candidate cells. When validity timer expires, the candidate cells are implicitly de-configured.
Conclusion
We have the following observation:
Observation 1:	The de-configuration of unused CHO candidate cell brings signaling overhead.
Observation 2:	Compared to de-configuration with explicit message, implicit de-configuration using validity timer significantly reduces X2 signalling overhead. 
It is proposed to discuss and decide on the following proposal:
Proposal 1:	Explicit de-configuration of the prepared CHO target cell(s) is supported for E-UTRAN Conditional HO procedure, i.e. the source cell can release the previously provided CHO command type of message, via RRC reconfiguration towards UE.
Proposal 2:	Validity timer can be optionally associated with CHO candidate cells. When validity timer expires, the candidate cells are implicitly de-configured.
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Handover Performance Metrics
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Uu Interface Signaling Overhead
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Xn Interface Signaling Overhead
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Handover Performance
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Uu Interface Signaling Overhead
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X2 Interface Signaling Overhead
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