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1 Introduction
In RAN2#105 and #105bis meeting, the basic procedure of Conditional Handover (CHO) was discussed, and following agreements has been achieved [1] [2]:
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).

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.
However, some open issues still exist, such as how many candidate cells can be configured for CHO, what kind of resources the potential target cells reserve for CHO, how long candidate cells need to reserve the resources, and when multiple target cells fulfil CHO conditions, which target cell should UE try to access, etc. This contribution will address these open issues.
2 Discussion 
According to the discussion in recent meetings, following figure 1 shows the basic working procedure of CHO. Similar to immediate handover, the working procedure of CHO consists of following steps: 

1. The UE sends the measurement report to the source eNB.

2. The source eNB decides to configure CHO for the UE, based on the measurement report.

3. The source eNB sends CHO request to one or multiple candidate cells.

4. Admission Control is performed by the candidate cell (s).

5. Candidate cell (s) responds the source eNB with CHO ACK, which can include the configuration for the UE, e.g., the new C-RNTI, dedicated preamble.

6. The source eNB configures the CHO configuration to the UE.

7. UE finds the measurements fulfil CHO condition, and then it triggers the random access to the target eNB. Before that, UE may send a “Byebye” message to the source eNB.
8. The target eNB sends CHO complete to the source eNB.
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Figure 1. Basic working procedure of CHO

Beads on above working procedure, we will discuss following related open issues: 

1. Dedicated resource reservation
Compared with immediate handover, one main concern of CHO lies in that if more than one candidate cells are configured to UE, they need to reserve some resources for the UE, e.g. the new C-RNTI, the dedicated preambles. But finally only one target cell the UE will handover to, the dedicated resources that other candidate cells reserved for the UE is some kind of resource waste. So RAN2 need to study the method to relieve the dedicated resource reservation for CHO, especially the dedicated RACH resources.
Observation1: RAN2 need to study the method to relieve the dedicated resource reservation in candidate cells for CHO.

One potential solution to relieve the dedicated RACH resource occupation is to configure cell specific RACH resource for CHO, e.g. CHO dedicated preambles. This means that, when UE trigger CHO and initiate random access at the target cell, it can use the preambles that assigned for CHO UEs to access the target cell. How many preambles and which preambles are assigned for CHO is up to the network implementation.

Another way is to introduce the timer-based solution, the candidate target cells could release the dedicated resources configured for CHO UE when the timer expires. There are several methods for the network to configure and initiate the timer, for instance: the candidate target eNB configures and initiates the timer, the source eNB configures and initiates the timer, the candidate target eNB configures and the source eNB initiates the timer. For UE, it can initiate the timer when it receives the CHO configuration.
For the method that candidate target eNB to configure and initiate the timer, it is reasonable to configure the timer in CHO Request ACK, and the candidate target eNB will initiate the timer after it responds the CHO Request ACK to the source eNB. So that, cell specific timer can be configured, based on candidate target cell’s implementation issues. However, for UE, it can only initiate the timer after receiving the CHO reconfiguration. So that time mismatch exists between the candidate target eNB and UE.
Observation 2: For the method that candidate target eNB(s) to configure and initiate the timer, time mismatch exists between the candidate target eNB(s) and UE.
For the method that source eNB to configure and initiate the timer, it is reasonable to configure the timer in the CHO configuration. And after it sends the CHO configuration to UE, the source eNB can inform the candidate target eNB(s) to initiate the timer. As for the UE, it initiates the timer after receiving the CHO reconfiguration. The time mismatch between the UE and candidate target eNB(s) is negligible since they both initiate the timer after receiving source eNB’s notification. However, the method is not so flexible since it is inappropriate for the source eNB to configure the target specific timer.
Observation 3: For the method that source eNB to configure and initiate the timer, it’s unpractical to configure target specific timer.
For the method that the candidate target eNB(s) configure and the source eNB initiates the timer, the candidate target eNB(s) could configure the timer in CHO Request ACK, and the source eNB can inform the candidate target eNBs to initiate the timer after it sends the CHO configuration to UE. Hence, the time mismatch between the UE and target eNBs(s) is negligible, and target specific timer can be achieved as well. 

Observation 4: For the method that the candidate target eNB(s) configure and the source eNB initiates the timer, the time mismatch between the UE and target eNBs(s) is negligible, and target specific timer can be achieved as well. 

Therefore, it is observed that:

Observation 5: For timer-based solution, the method that candidate target eNB(s) configure and the source eNB initiates the timer seems more beneficial.

Proposal 1: RAN2 is kindly asked to discuss the potential methods to relieve the dedicated resource reservation, e.g. CHO dedicated resources, timer-based solution. 
2. The number of candidate cells
The number of candidate cell is another FFS. In last meetings, there were different opinions as for the number of candidate cells. Some companies deemed that one candidate cell is beneficial, due to less RRC reconfiguration signalling overhead and less dedicated RACH resource reservation. While others thought multiple cells are helpful to improve the robustness of handover, and different conditions can be configured for different candidate cells, which is quite flexible. 
As discussed in the first open issue, there are several methods to relieve the dedicated resource reservation. And the source eNB can evaluate whether the reconfiguration signalling overhead is too large. Hence in our opinion, it is reasonable to up to network to decide how many candidate cells are configured, only if there is serious concern from UE side.  

Proposal 2: The number of candidate cells is up to network implementation.
Furthermore, when multiple target cells fulfil CHO, which target cell should UE try to access? In legacy immediate handover, it is up to source eNB to choose the appropriate target cell for the UE, according to some network implementation issues such as load balancing. However, in CHO, source node has no information when UE find the measurements of some target cells fulfil CHO conditions, and it is up to UE to make the decision. If the source eNB could configure the related priority of potential target cells or configure the frequency priority, it is helpful for UE to choose the appropriate target cell to access. Furthermore, the priority could be indicated explicitly or implicitly, e.g. potential target cells/frequencies are configured in order of decreasing priority. So we propose that:

Proposal 3: The source eNB could configure the priority of potential target cells or frequencies, by explicit or implicit indication.   
3. CHO configuration update
How to update the CHO configuration is another open issue. If multiple CHO configurations from the network are allowed, then whether the previous configuration is replaced by the new one is FFS.  Remember that for immediate handover, UE can be configured with several report events and send the measurement report up to reportAmount times with the interval of reportInterval, when the configured events are fulfilled. It is likely that this will also applied for CHO. Furthermore, for CHO, the source eNB has no idea when and which condition will be fulfilled by the UE. So it is reasonable to allow the source eNB to configure multiple conditions for the UE, and there are several methods to update the configuration:
· Timer-based CHO configuration, where a timer is configured with the condition. When UE receives the CHO configuration, it initiates the timer. And when timer expires, the related CHO configuration becomes invalid.
· CHO configuration invalid indication is sent by the source eNB. Where the source eNB can indicate UE which CHO configurations are invalid, by indicating cell ID, frequency, CHO configuration ID, etc.
· New CHO are configured for one cell, which means the previous configuration for the some cell is replaced by the new one.  

If no timer, invalid indication, nor new configuration is received, the original CHO configuration is still considered valid.
Proposal 4: RAN2 is kindly asked to discuss the potential methods to update the CHO configuration, e.g. timer-based solution, CHO configuration invalid indication, etc.

3 Conclusions
According to above analysis, we made following observations:

Observation1: RAN2 need to study the method to relieve the dedicated resource reservation in candidate cells for CHO.

Observation 2: For the method that candidate target eNB(s) to configure and initiate the timer, time mismatch exists between the candidate target eNB(s) and UE.
Observation 3: For the method that source eNB to configure and initiate the timer, it’s unpractical to configure target specific timer.

Observation 4: For the method that the candidate target eNB(s) configure and the source eNB initiates the timer, the time mismatch between the UE and target eNBs(s) is negligible, and target specific timer can be achieved as well. 

Observation 5: For timer-based solution, the method that candidate target eNB(s) configure and the source eNB initiates the timer seems more beneficial.

Based on above observations, we made following proposals:

Proposal 1: RAN2 is kindly asked to discuss the potential methods to relieve the dedicated resource reservation, e.g. CHO dedicated resources, timer-based solution. 

Proposal 2: The number of candidate cells is up to network implementation.

Proposal 3: The source eNB could configure the priority of potential target cells or frequencies, by explicit or implicit indication.
Proposal 4: RAN2 is kindly asked to discuss the potential methods to update the CHO configuration, e.g. timer-based solution, CHO configuration invalid indication, etc.
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