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Introduction
RAN2 has agreed to introduce conditional HO (CHO) for Rel-16 LTE mobility enhancement:

RAN2#104 Agreements

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

=>
FFS on the exact details of the procedures

RAN2#104 Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).

RAN2#105bis 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

RAN2#105bis 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.

RAN2#105bis Agreements

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)

RAN2 also sent a LS, requesting RAN3 to study at least data forwarding and HO preparation mechanisms or enhancements to the existing ones, suitable for Conditional Handover in E-UTRAN and NR [1].
Based on the progress and LS from RAN2, this contribution discusses RAN3 aspects to support the conditional HO for Rel-16 handover robustness improvements.
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Discussion
2.1     Overall procedure for Conditional HO

The overall procedure for Conditional HO (CHO) is described below in comparison to the legacy HO defined in TS 36.300 [2]. For easy comparison, the steps are numbered based on the legacy HO procedure.

[image: image1.emf]UE Source eNB Target eNB 1

1-2. Measurement Control and Reports

3. CHO decision

4. CHO Request

5. Admission Control

6. CHO Request Acknowledge

(NEW) Indication to Source which target cell the UE has accessed to

Measurement on target cell 

satisfies HO execution condition

7. RRC Conn. Reconf. Incl

mobilityControlInformation

9-11. RRC Conn. Reconf. Complete

Deliver buffered and in transit 

packets to target eNB

8. SN Status Transfer

Data Forwarding

17. UE Context Release

(LEGACY) Data Forwarding

Target eNB 2

5. Admission Control

including HO execution condition

(LEGACY)

Steps 12-16

Path Switch & 

End marker handling


Figure 1: The overall procedure for Conditional HO
Some highlights compared to the legacy HO are as follows:

·  Given that NW is oblivious of which cell (among multiple candidate target cells) will be chosen by the UE, the legacy forwarding that can be initiated immediately when CHO target cells are prepared may waste resources unnecessarily.
·  As a result, some indication to the source is necessary which target cell the UE has successfully attached to, so that the source can initiate data forwarding to the right target node. RAN2 has already assumed that the late packet forwarding is more suitable for CHO, especially where there are multiple candidate target cells [1].
Other than the above two, the required procedural steps would be similar/identical to the legacy HO.
Observation 1: Compare to the legacy HO, Conditional HO (CHO) differs in the following:

·  Additional indication for the source to know which target cell the UE has successfully attached to

·  Data forwarding that could happen after the source knows the chosen target cell

Observation 2: Other than the above two, the required procedural steps are identical to the legacy HO.

Proposal 1: Compared to the legacy HO, Conditional HO (CHO) requires additional indication for source to know which target cell is chosen, for which legacy data forwarding can rely on (late data forwarding). 

Proposal 2: Re-use the existing messages for procedural steps identical to the legacy HO, while enhancing the contents inside if necessary.
2.2     Indication to Source which target cell the UE has accessed to
As discussed above, the source should be aware of the target cell that the UE has successfully attached to. In general, there are two ways to do that. The first is relying on indication from the UE, informing before detaching from the source which target cell will be chosen, which could be done by RRC signalling. The second is relying on X2AP signalling from the target node that the UE has successfully attached to.

Note that the indication directly from the UE is faster, meaning that the source can initiate data forwarding earlier than relying on X2AP signalling from the chosen target node. However, at the time when CHO condition is met for the UE to synchronize to a target cell, the signalling quality to the source cell is expected to be poor. There is a high chance that the UE’s RRC signalling may fail. 

On the other hand, the indication by X2AP is reliable because it is signalled from the target node only when the UE successfully attaches to and sends the RRC Reconfiguration Complete message. Moreover, there is zero chance of giving wrong information to the source – even if the UE RRC signalling indication succeeded before detaching from the source, attaching to the chosen/informed target cell may fail. Of course, the UE may return to the source cell, but the UE may attach to another target cell (based on CHO condition) if multiple candidate target cells were configured. In this case, the source would still think that the UE has attached to the target cell informed before the UE detached from the source, which will be quite problematic. 

In sum, without X2AP signalling from the UE-successfully-attached target node, the indication directly from the UE alone is not enough. It is not reliable and may give wrong information to the source. 
Therefore, we should adopt X2AP signalling from the target node when indicating the chosen and right target cell to the source. Since there has been no HO-related message from the target to the source in X2AP [3], new class-2 message needs to be defined. The indication directly from the UE may be considered as optional if necessary, but such decision should be decided by RAN2.
Proposal 3: Adopt new class-2 X2AP signalling (a.k.a HO Success) from the UE-successfully-attached target node, for an indication to the source which target cell is chosen for HO.
Proposal 4: FFS pending RAN2 on the RRC signalling indication directly from the UE.
2.3     Data Forwarding
One big difference compared to the legacy HO is data forwarding initiation timing. RAN2 has already assumed that the late packet forwarding is more suitable for CHO, which works well with new class-2 X2AP signalling (a.k.a HO Success) from the UE-successfully-attached target node. 

However, as RAN2 observed, we should not preclude the legacy (early) data forwarding that can be initiated right after HO preparation phase. Candidate cells are determined primarily based on measurement report from the UE, so there may be only one cell suitable for CHO. The legacy forwarding would work in this case. Of course, there may be multiple candidate cells, but they all may be served by a single target node. Considering CU-DU split, this is more likely given that a single eNB can cover a wide area with a few hundreds of cells. The early data forwarding would work if all the candidate cells are under control of one target node. 

Therefore, there is no need to exclude early (legacy) data forwarding. Moreover, during CHO preparation phase, the source can easily determine when to initiate data forwarding. No stage-3 efforts are foreseen, stage-2 clarification may suffice such as 
For Conditional Handover, the source eNB initiates data forwarding once it knows which target eNB (among multiple, if any) the UE will access or which target eNB the UE has successfully attached to.
Proposal 5: Confirm RAN2 understanding that late data forwarding is baseline for CHO, but the legacy early forwarding is not precluded as long as the source knows which target node the UE will attach to.

2.4     CHO Cancellation
Since multiple candidate target cells can be prepared but only one cell is chosen as a final, there is a need to stop CHO with the unchosen candidate cells and to release prepared/reserved resources in some target nodes. 

This may be done implicitly e.g. by a timer run by candidate target nodes, but such timer run by target has not been specified in X2AP [3]. All HO related timers and associated behaviours has been specified only for the source, meaning that the target has to rely on the HO Cancel procedure initiated by the source for clean-up.

On the other hand, RAN2 is currently discussing exit condition details for CHO (either based on timer or channel condition) for which to be decided by the candidate target cell. If timer-based exit condition is adopted, RAN3 may need to consider CHO validity timer in the target side in RAN3 specifications, instead of HO Cancel.
Given this situation, it looks reasonable to wait for RAN2 progress.

Proposal 6: FFS pending RAN2 on how to clean up prepared resources for unchosen candidate cells.

Another thing to discuss is whether we should allow the candidate target cell to cancel on-going CHO that it has accepted during preparation phase. RAN2 mentioned in their LS [1] that NW can inform the UE to release the CHO configurations after CHO commands, and also mentioned a use-case when a candidate target decides to cancel the preparation. The reason is that the candidate target (who reserved resources for the UE) has no idea when the UE will access and the target situation e.g. load may be changed during this period. 

This requires changes in X2AP [3] as the existing HO Cancel message is class-2 and defined in the opposite direction (i.e. from the source to the target). 

We believe that this is worth considering but needs further study, at least for the case when the UE has accessed to the target that has already cancelled CHO and released the reserved resources, for which parts of discussion requires RAN2 to decide. Therefore, we propose to further study on this, and also wait for RAN2 progress in the meantime.

Proposal 7: FFS whether to allow the candidate target to cancel on-going CHO that it has accepted during HO preparation phase. 
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Conclusion

In the present contribution we make the following observations:

Observation 1: Compare to the legacy HO, Conditional HO (CHO) differs in the following:
·  Additional indication for the source to know which target cell the UE has successfully attached to

·  Data forwarding that could happen after the source knows the chosen target cell

Observation 2: Other than the above two, the required procedural steps are identical to the legacy HO.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Compared to the legacy HO, Conditional HO (CHO) requires additional indication for source to know which target cell is chosen, for which legacy data forwarding can rely on (late data forwarding). 

Proposal 2: Re-use the existing messages for procedural steps identical to the legacy HO, while enhancing the contents inside if necessary.

Proposal 3: Adopt new class-2 X2AP signalling (a.k.a HO Success) from the UE-successfully-attached target node, for an indication to the source which target cell is chosen for HO.
Proposal 4: FFS pending RAN2 on the RRC signalling indication directly from the UE.
Proposal 5: Confirm RAN2 understanding that late data forwarding is baseline for CHO, but the legacy early forwarding is not precluded as long as the source knows which target node the UE will attach to.

Proposal 6: FFS pending RAN2 on how to clean up prepared resources for unchosen candidate cells.

Proposal 7: FFS whether to allow the candidate target to cancel on-going CHO that it has accepted during HO preparation phase.

The corresponding draftCR for TS 36.300, and CRs for TS 36.420 and TS 36.423 can be found in [4][5][6].
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