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1 Introduction
RAN2#107bis meeting has reached the following agreements [1]:

Agreements
1
From RAN2 perspective, both source and target can trigger the modification of CHO configuration, and leave the final decision to RAN3.

2.
When source configuration needs to be changed, it is up to network to update the UE stored CHO configurations so it remains valid. From RAN2 perspective, whenever source configuration needs to be changed, source sends the updated configuration to target if a new CHO configuration is needed and ask RAN3 to confirm.

3.
The handling of CHO configuration can be split into 2 steps as below and inform RAN4 about RAN2 agreements:

Step 1: Decode the  RRCReconfiguration/RRCConnectionReconfiguration including source configuration, if present, and CHO execution conditions (both decode and configure upon reception of RRCReconfiguration/RRCConnectionReconfiguration).

Step 2: Apply the target cell configuration  (i.e. a stored RRCReconfiguration/RRCConnectionReconfiguration prepared for the selected target), the UE can only do this upon meeting the CHO execution condition for the cell.

Agreements

1.
Confirm the working assumption as an optional feature:

At RLF/HO failure/CHO failure, the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.


If the CHO performed during failure handling procedure fails, the UE will perform re-establishment, i.e. we do not allow multiple attempts of CHO during failure case.

FFS on how to capture it in specification;

If UE doesn’t support this capability, it does re-establishment (just as now). Network can configure what UE does.

RAN2#107 meeting has agreed the following agreements [2]:
Agreements

1  For FR1, we will leave it up to UE implementation to select the target cell if more than one candidate cell meets the triggering condition (same as for FR2).

2  Do not introduce “bye” message from UE to the source cell for CHO.
3  If UE receives conventional handover command, it will execute the handover command regardless of stored (configured) conditional handover command. This applies if the HO cmd is received before any CHO triggering condition is satisfied. FFS how HO failure is handled.

4 
The UE can’t receive and perform RRC configuration from source cell while executing CHO command (which means from the time when the UE starts synchronization with target cell).

FFS whether simultaneous connectivity and CHO can work simultaneously.
5
UE is not required to continue evaluating the triggering condition of other candidate cell(s) during CHO execution.
6
We will not change cell selection procedure due to CHO (T310 expiry, T304(-like) expiry, etc.) 

7
CHO is optional feature for UEs and networks.

RAN2#106 meeting has agreed the following agreements [3]:
Agreements

1
UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 

2.
The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)
In RAN2#107 and RAN2#107bis meetings a lot of efforts have been made to determine how to make use of suitable CHO candidate cell(s) for the RLF/HOF handling. The agreements for RLF/HOF handling are “At RLF/HO failure/CHO failure, the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed. We do not allow multiple attempts of CHO during failure case”[1]. On the other hand, we didn’t have chance to conduct thorough discussion on how to handle multiple candidate cells before conditional HO failure (CHOF) is declared. It is more important to prevent CHOF at the first place.  
In this paper, we will further discuss the benefits of allowing the UE to perform access trials to more than one target cell in a CHO, i.e., if the access to the first candidate target cell is failed and another candidate cell meets the execution condition before a CHOF declaration, the UE conducts the CHO execution to the new target cell. The related procedure is also provided in this contribution.
2 Discussion
2.1 The limitation of existing mobility mechanism
CHO is started based on the early measurement of the candidate cells. The early issuing of CHO command to the UE ensures the high reliability of the source link during the CHO initial configurations at the expense of the reliability of the CHO candidate cells. Different from conventional HO, CHO allows multiple candidate cells as potential handover target cell to compensate the negative impact on the reliability at the target side.

It is worth to discuss how the multiple HO candidates are handled properly to effectively improve the reliability at the target side. Based on current mechanism and agreements, after CHO command is received, the UE starts to monitor and perform measurement for all the CHO candidate cells. The UE measures the beams of different candidate cells to generate the cell level measurement for triggering the CHO execution. If one or more candidate cells meet the triggering condition, the UE picks one of the suitable candidate cells as the target to execute the CHO. The CHO execution involves the MAC random access procedure and current mechanism is designed for a single target cell access. With existing mobility mechanism, after the execution is triggered, the UE only tries to access the selected one candidate cells till successes or fails the HO. In the access failure case, the UE will unsuccessfully retry the random access to the same target cell till T304 expiry, then CHOF will be declared even if there is another candidate cell also meets the CHO execution condition.
Observation 1: With existing mechanism, only one target cell is used for CHO execution till CHOF occurs. The UE could not take the advantage of multiple executable candidate cells.
2.2 The benefits of allowing multiple candidates for access
Due to the pre-configuration nature of CHO, the chance of access failure to a candidate target cell is relatively higher than conventional HO. If CHO access to one candidate cell fails, if another candidate cell also meets the triggering condition, it is desirable for the UE to try to access to the other candidate cell. 
A typical scenario is while the CHO execution is triggered the UE is changing its moving direction. This may cause the access failure to the current target cell, but another candidate cell on the new UE moving direction meets the triggering condition and becomes a suitable cell for CHO access. In this case, rather than sticking to the first target cell to try and fail till the HO failure timer expires, the UE should try to access to the new target cell. 
Another factor should be considered is that the CHO execution triggering is based on the DL measurement and channel condition. But the random access depends on UL access channel condition. The UE may first select a target cell with good DL measurement but bad UL access condition. A different target cell can have better UL access condition. 

By trying to access another suitable target cell if the access of the first target cell fails, CHO failure rate can be reduced, waiting over the backoff time and retry the same target cell can be avoided. Overall service interruption time caused by radio link recovery is also largely reduced.
Observation 2: For CHO it is beneficial and desirable that the UE tries multiple qualified target cells before CHOF occurs.
Proposal 1: Before the CHOF declared on a CHO, allow the UE to perform access to another qualified target cell if the access to the first target cell is unsuccessful. 
2.3 Discuss the possible resolutions
2.3.1 The measurement during CHO execution

In RAN2#107 meeting it was agreed: “UE is not required to continue evaluating the triggering condition of other candidate cell(s) during CHO execution”. The intention of this agreement is that during the CHO execution on a selected target cell, the on-going process should not be interrupted by triggering another CHO execution to a new target cell. The UE need not to evaluate the execution triggering condition of other candidates and should not trigger a new execution before the on-going CHO execution is finished. The requirement of block triggering a new execution does not mean the UE should stop the measurement during the CHO execution period.
When the failure of access to a target cell occurs or even CHOF occurs, the UE needs the latest and accurate measurement results of the source cell and target candidates immediately for evaluating the triggering conditions of other candidate and performing the recovery procedure. If the UE stopped the measurement during the execution period and resume the measurement after the failure event occurs, the availability of valid measurement data can be delayed. This will delay the CHO target cell access or failure recovery process. 
Proposal 2: During the CHO execution on a candidate target cell, the UE continues the measurement on the source cell and other candidate target cell(s).
2.3.2 MAC behaviour on access failure
In conventional random access with access failure and backoff retry procedure are specified in TS38.321 [4]. If the number of preamble retransmissions and contention resolution failures reach the upper limit under clause 5.1.4 or clause 5.1.5, the MAC report a Random Access problem to upper layers. If there is another beam with dedicated RA resources available, the second beam in the same rach-ConfigDedicated (the same target cell) with CFRA resources takes precedence over the backoff process for the first beam. See below MAC procedure under subclause 5.1.4 in TS38.321 as an example.
…

1>
if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:

2>
consider the Random Access Response reception not successful;

2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;
…
2>
if the Random Access procedure is not completed:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:

4>
perform the Random Access Resource selection procedure (see clause 5.1.2);
3>
else:

4>
perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.
Observation 3: When MAC consider Random Access to a cell is unsuccessful, it reports the access problem to upper layers.

Observation 4: The MAC activities of access failure, backoff, beam evaluation/selection, and access again are repeated at the same target cell.
2.3.3 Handling the multiple candidate cells at upper layer
For CHO before the CHOF declared, if the access to current target cell is unsuccessful, and if there is another candidate cell meets the CHO execution condition with at least a beam meeting the beam selection criteria, the UE should consider the second candidate cell as the new target cell and perform access to the suitable beam at the new target cell instead of stack at the current target cell waiting over the backoff time. Not only the available CFRA resources, but also the CBRA resources in the new target cell can be better than the original target cell as the UL condition can be better with the new target cell. The unsuccessful access can be caused by unsuccessful reception of RAR as specified under clause 5.1.4 or failed to pass the contention resolution under clause 5.1.5 of [4].
In order to allow the UE to select another qualified candidate cell as the new target cell, consider to use the MAC reported access failure indication to trigger the UE to evaluate the execution triggering condition of other candidate cells. If the triggering condition is met at another candidate cell, the UE selects the candidate cell as the new target cell for CHO execution. A possible CHO monitoring procedure can be as follows:
1>
upon random access problem indicating from the target cell MCG MAC, the UE evaluates the execution condition of the other candidate cells:

2>
if another candidate cell meets the CHO execution triggering condition:

3>
reset the MAC and stop the T304-like (if the T304-like is per target cell) of the current target cell;
3>
select the qualified candidate cell as the new target cell, apply the stored configurations of the new target cell, and perform the CHO execution.
2>
else:

3>
stay with current target cell and continue the random access procedure until the expiry of T304-like.
Proposal 3: Upon indicating the access problem from the MAC of the current CHO target cell, the UE evaluates the other candidates and executes CHO on a new target cell if qualified.
2.3.4 T304-like timer discussion
In RAN2#106 meeting, there was understanding: “… timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)”.

Many companies indicated the preference of not to overload existing T304 and to define a new T304-like timer. The current T304 is configured per target cell. Now we have a stage 2 question: whether the new T304-like timer is per candidate target cell which is configured at the candidate cell(s), or an overall CHOF T304-like timer which is configured at the source cell. In principle, we only need one CHOF timer per CHO. For conventional HO, in concept T304 is per HO since it is used to determine overall HO failure.
 Proposal 4: Discuss whether the T304-like timer should be defined per CHO or per candidate target cell. 
3 Conclusions
Based on the discussion on the handling the access for multiple candidate cells during a CHO, we have the following:
Observation 1: With existing mechanism, only one target cell is used for CHO execution until CHOF occurs. The UE could not take the advantage of multiple executable candidate cells.

Observation 2: For CHO it is beneficial and desirable that the UE tries multiple qualified target cells before CHOF occurs.

Observation 3: When MAC consider Random Access to a cell is unsuccessful, it reports the access problem to upper layers.

Observation 4: The MAC activities of access failure, backoff, beam evaluation/selection, and access again are repeated at the same target cell.

Proposal 1: Before the CHOF declared on a CHO, allow the UE to perform access to another qualified target cell if the access to the first target cell is unsuccessful. 

Proposal 2: During the CHO execution on a candidate target cell, the UE continues the measurement on the source cell and other candidate target cell(s).
Proposal 3: Upon indicating the access problem from the MAC of the current CHO target cell, the UE evaluates the other candidates and executes CHO on a new target cell if qualified.
Proposal 4: Discuss whether the T304-like timer should be defined per CHO or per candidate target cell.
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