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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.



CHO was also discussed for NR. We confirmed that CHO is supported in NR, and some LTE agreements are also applicable in NR. Then we discuss NR-specific issues such as cell quality, measurement events, and trigger quantity. The agreements and FFS issues about NR CHO are shown below.
	Agreements
0: CHO is introduced in NR to solve robustness/reliability issue.
1: The LTE agreements below are applicable for NR: 
a/ CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
b/ Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
c/ Support configuration of one or more candidate cells for conditional handover;
=> FFS how many candidate cells (UE and network impacts should be clarified).
=> FFS how to include the CHO conditions in UE configuration
d/ The baseline operation for 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.
e/ The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
f/ RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be considered. Detailed decisions require RAN3 study.
2 Cell level quality is used as baseline for CHO execution condition;
FFS: on whether beam quality is used as input for CHO execution condition.
3  RS type SSB can be used
FFS: CSI-RS, use of more than one RS type
4 Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline
FFS: on other events
5 Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. 
FFS: on multiple quantities.
FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)



In this contribution, we further discuss the RAN2 details of the NR CHO procedures. We first discuss LTE/NR common issues, and then NR-specific issues.
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LTE/NR common 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 1. Necessary vs. unnecessary measurement report
Figure 1(a) shows an example of necessary measurement report:
· t1: UE is served by gNB1
· t2: UE detects gNB2, report gNB2 and then gNB2 is configured as candidate for CHO
· t3: UE detects gNB3, and the RSRP of gNB3 is higher than that of gNB2. UE reports gNB3 and gNB3 is configured as CHO candidate.
· t4: UE executes handover towards gNB3.
Figure 1(b) shows an example of unnecessary measurement report:
· t1: UE is served by gNB1
· t2: UE detects gNB2, report gNB2 and then gNB2 is configured as candidate for CHO
· t3: UE detects gNB3, however the RSRP of gNB3 is NOT as good as gNB2. UE does not report gNB3 and thus gNB3 is not configured as CHO candidate.
· t4: UE executes handover towards gNB2.
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 gNB. Upon receiving HANDOVER REQUEST message from source gNB, target gNB performs admission control and then sends HANDOVER REQUEST ACKNOWLEDGE message to source gNB, 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 gNB 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 gNB. This not only aligns with legacy handover, but also allows simpler configuration. For example, when multiple CHO candidates are configured, the source gNB 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 gNB.
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 gNB 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 gNB after the conditional HO command is received. Also, the source gNB needs to know to which target gNB 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 gNB or target gNB:
(1) Indication message sent to source gNB: This is considered as a “bye” message. Upon receiving the “bye” message, the source gNB 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 gNB: When preconfigured conditions are met, UE performs RA towards the target gNB, and UE sends an indication, e.g., a CHO Execution Request, to target gNB. Then there should be some way to inform source gNB the initiation of conditional handover. For example, upon reception of the conditional handover indication message, which also carries the source cell ID, target gNB may send a SN status transfer request message to source gNB, and then source gNB can perform SN status transfer and packet forwarding.
Proposal 11:	For late packet forwarding, upon initiation of conditional handover, UE sends indication to source gNB, and then performs synchronization and random access towards target gNB.
Proposal 12:	For late packet forwarding, upon reception of the conditional handover indication message, the source gNB can perform SN status transfer and data forwarding.
UE continues to receive source cell while executing CHO command
[bookmark: _GoBack]In legacy handover procedure, UE stops reception from source gNB once it starts synchronization towards target gNB. 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 gNBs. 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 gNB should reject UE’s connection request.
Proposal 14:	If NW de-configures a CHO candidate (target gNB) towards which the UE is executing CHO, the target gNB should reject UE’s connection request.
NR-specific issues
1.1.5 Evaluation of CHO candidates with beamforming
Measurement events similar to those for normal handover can be defined for UE to report a potential candidate cell. For example, an A3-like event can be triggered when a neighbor cell has quality close to serving cell, but with a threshold lower than the normal A3 event. In FR1, the candidate cell quality can be derived by averaging the beams above some threshold. In FR2, however, due to fast channel variation and larger signal attenuation, we expect to see more complicated situations. Figure 1 illustrates a moving UE and its CHO candidates.


Figure 1. CHO candidate cells for a moving UE
A UE configured with CHO may face the following situations when operating in HF.
· Adding unusable candidate cell, as shown in Figure 1(a):
1. At t1, UE is served by gNB1. At t2, UE detects gNB2 and gNB2 is configured as CHO candidate. At t3, gNB3 is configured as CHO candidate. At t4, UE executes conditional handover to gNB3.
2. In this example, UE trajectory passes the outer part of coverage of a beam from gNB2, but UE does not move towards the cell center and eventually performs handover towards another cell (gNB3). This means the preparation of gNB2 is not used. 
3. Although this may also happen in FR1, we expect more frequent occurrence in FR2, where gNB deployment density is higher and beams are narrower.
· Cancelling usable candidate cell, as shown in Figure 1(b):
1. At t1, UE is served by gNB1. At t2, UE detects gNB2 and gNB2 is configured as CHO candidate. At t3, gNB3 is configured as CHO candidate and gNB2 is de-configured due to temporal blockage by a building. At t4, UE moves to another side of the building, and executes normal handover to gNB3; CHO is not possible since gNB3 has been de-configured as CHO candidate cell.
2. This example describes a different scenario, in which a potential target cell for CHO is de-configured due to temporal blockage, but the UE does not really move away and eventually would execute handover to the de-configured CHO candidate.
3. Again, this may also happen in FR1, but we expect more frequent occurrence in FR2, where HF signals experience more severe attenuation and blockage.
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) adding unusable candidate cell, and (2) cancelling usable candidate cell.
Beam-level information can help avoid adding unusable candidate cell. For example, the network may require a candidate cell to have not only the best beam above threshold, but also have at least a given number of beams above a threshold (i.e., ‘good’ beams). This can be included in the trigger condition of measurement event for CHO, or the network may request the UE to report beam-level measurements, and decide whether a reported cell should be configured as CHO candidate based on proprietary methods. To save the effort of defining new measurement events, we suggest that measurement events be defined based on cell quality, but UE may be requested to include beam-level measurements.
Proposal 15:	Measurement reports for CHO candidates may include individual beam qualities.
1.1.6 CHO execution conditions in HF
Beam quality as input for CHO execution condition
Individual beam quality may be considered as a part of CHO execution conditions. For example, the trigger of CHO execution may require target cell to have two beams above a predefined threshold. However, beam-level information is already included in the cell quality, and we didn’t define any NR measurement events based on individual beam quality. Therefore, we suggest not defining of CHO execution conditions based on individual beam quality.
Proposal 16:	Individual beam quality is not considered in CHO execution conditions.
RS types
RAN2 agreed that SSB can be used and left CSI-RS and the use of more than one RS type FFS. The network may configure multiple measurement events based on SSB or CSI-RS, but not a single event based on both. Since the triggering of CHO execution is based on Ax events, we suggest following similar rules. The network may configure multiple CHO execution conditions based on SSB or CSI-RS, but not a single triggering condition based on both SSB and CSI-RS.
Proposal 17:	The network may configure multiple CHO execution conditions based on SSB or CSI-RS, but not a single triggering condition based on both SSB and CSI-RS.
Triggering quantities
RAN2 agreed that trigger quantity for CHO execution condition (RSRP, RSRQ or RS-SINR) is configured by network, and left it FFS to configure multiple quantities. Similar to the discussion above, the network may configure multiple measurement events based on RSRP, RSRQ or RS-SINR, but not a single event based on multiple quantities.
Proposal 18:	The network may configure multiple CHO execution conditions based on SSB or CSI-RS, but not a single triggering condition based on multiple quantities.
1.1.7 Random access
As in normal handover, target cell may reserve RACH resources so as to allow UE to perform contention-free random access (CFRA). Conditional handover candidate cell can also do so, but in a beam-formed system, the best beam upon handover execution is likely to be different from that at the time of CHO candidate configuration. To allow CFRA on an unpredictable beam, a candidate cell may need to reserve RACH resources on all beams, or at least a set of beams. This brings some negative impacts, for example:
· waste of RACH resources as eventually only one beam is accessed;
· signaling overhead for configuration, since the network may need to indicate the RACH resource on each beam.
If CFRA fails, the UE may fall back to contention-based random access (CBRA). The major drawback is a longer interruption. 
Observation 2:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.
Beam-level information can help RACH resource reservation. If beam-level measurements are reported, the candidate cell may reserve RACH resources for CFRA on several best beams. Upon CHO execution, there is a high probability that the best beam is one of the beams and then UE can perform CFRA. Although CFRA is still not guaranteed, this method reduces the possibility of CBRA, while keeping low RACH resource occupancy.
Proposal 19:	The candidate cell may reserve RACH resources for CFRA on several best beams.
Conclusion
We have the following observations:
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) adding unusable candidate cell, and (2) cancelling usable candidate cell.
Observation 2:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.
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 gNB.
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 gNB, and then performs synchronization and random access towards target gNB.
Proposal 12:	For late packet forwarding, upon reception of the conditional handover indication message, the source gNB 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 gNB) towards which the UE is executing CHO, the target gNB should reject UE’s connection request.
Proposal 15:	Measurement reports for CHO candidates may include individual beam qualities.
Proposal 16:	Individual beam quality is not considered in CHO execution conditions.
Proposal 17:	The network may configure multiple CHO execution conditions based on SSB or CSI-RS, but not a single triggering condition based on both SSB and CSI-RS.
Proposal 18:	The network may configure multiple CHO execution conditions based on SSB or CSI-RS, but not a single triggering condition based on multiple quantities.
Proposal 19:	The candidate cell may reserve RACH resources for CFRA on several best beams.
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