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Discussion and Decision
1. Introduction 
In RAN2#107 meeting, the following agreements on the CHO were achieved [1]:
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.
In this contribution, we discuss on the combination of CHO and RUDI handover. 

2. Discussion
The Combination of MBB HO and CHO
There are some similarities between MBB and CHO. First, the connection to the source cell is maintained until a certain time point after the reception of HO command type of message. In MBB HO, the time point is when the UE executes initial uplink transmission to the target cell. In CHO, the time point is when the HO execution condition is met. Second, it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell. Third, therefore, the source does not know when the UE accesses the target cell [2].

The CHO can be easily combined with MBB HO by the help of these similarities and therefore, many companies proposed the combination of MBB and CHO to reduce interruption time and improve reliability and robustness [3], [4], [5], [6], [7]. In the combined solution, the UE can decide the handover time point as when the UE executes initial uplink transmission to the target cell after the CHO execution condition is met. And as in MBB HO, it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell.

Observation 1: There are some similarities between MBB HO and CHO and therefore, the CHO can be easily combined with MBB HO by the help of these similarities.
Proposal 1: With regard to the combination of MBB HO and CHO, RAN2 is requested
- to support the combination of MBB HO and CHO;
- to consider that if MBB HO and CHO are configured simultaneously, the UE can maintain source eNB/gNB connection before the initial uplink transmission to the target eNB/gNB after CHO execution condition is met;
- to consider that if MBB HO and CHO are configured simultaneously,  it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell to initiate re-tuning for connection to the target cell.

In this context, even though only CHO is configured, proposal 1 can be also applicable. It is because in CHO, the connection to the source cell is maintained after the reception of CHO command before CHO execution condition is met. So it can be said that the CHO incorporates MBB HO inherently. Therefore, we need to decide whether if CHO is configured, MBB HO is supported by default or not.
Observation 2: Even though only CHO is configured, proposal 1 can be also applicable.
Proposal 2: RAN2 is requested to decide whether if CHO is configured, MBB HO is supported by default or not.
The Combination of DAPS HO and CHO
The only major difference between MBB HO and DAPS HO is that the UE supports simultaneous transmission/reception in DAPS HO and not support in MBB HO and the UE releases the connection to the source cell after the HO to the target cell in DAPS HO and just before the HO to the target cell in MBB HO. So we see no major difference between MBB HO and DAPS HO with regard to the combination with CHO. Therefore, the CHO can be easily combined with DAPS HO like as MBB HO. Also the UE can decide the handover time point just as the same.

Observation 3: There is no major difference between MBB HO and DAPS HO with regard to the combination with CHO. 

Proposal 3: With regard to the combination of DAPS HO and CHO, RAN2 is requested
- to support the combination of DAPS HO and CHO;
- to consider that if DAPS HO and CHO are configured simultaneously, the UE can perform the handover execution before the initial uplink transmission to the target eNB/gNB after CHO execution condition is met, and maintain source eNB/gNB connection to source cell release;
- to consider that if DAPS HO and CHO are configured simultaneously,  it is up to UE implementation when to perform the handover execution.

The Combination of RACH-less HO and CHO
There is no major technical issue except one in the combination of RACH-less HO and CHO. There is an issue on the allocation of UL grant for RACH-less HO with regard to the combination with CHO. In CHO, the time between HO preparation and HO execution is quite different, multiple candidate cells can be prepared to improve the robustness, and the UE can execute the HO to the target selected from multiple candidate cells which the CHO execution conditions are met. So the target does not know whether the UE selects itself as the target for the HO and when the UE executes the HO to itself. Therefore, this can incur the failure of UL grant and finally the HO failure or lead to an awful large waste in pre-allocated UL grant resources.
Observation 4: There is an issue on the allocation of UL grant for RACH-less HO with regard to the combination with CHO.

Proposal 4: With regard to the combination of RACH-less HO and CHO, RAN2 is requested
- to support the combination of RACH-less HO and CHO;
- to consider that if RACH-less HO and CHO are configured simultaneously, the UE can maintain source eNB/gNB connection before CHO execution condition is met;
- to discuss the issue on the allocation of UL grant for RACH-less HO.

One and only solution for the issue is the “Bye” message. As discussed in [8], by the help of the “Bye” message, the target eNB can know when the UE accesses it by receiving HO execution indication through the source eNB. Therefore, it can prevent the failure of UL grant and the waste of UL resources.
Observation 5: “Bye” message can prevent the failure of UL grant and the waste of UL resources in the combination of RACH-less HO and CHO.
Data Forwarding in the Combination of CHO and RUDI HO

There is one issue with regard to data forwarding in the combination of CHO and RUDI HO. As discussed in [8], early data forwarding might be considered when RUDI HO is configured, and on the contrary, late data forwarding is considered when CHO is configured. Then if both CHO and RUDI HO are configured simultaneously, whether the source eNB/gNB performs early or late data forwarding can be an issue and there is a trade-off between signaling costs and the interruption time. If early data forwarding is performed, it sacrifices signaling costs (i.e., the amount of data forwarding) for the interruption time. Whereas if late data forwarding is performed, it sacrifices the interruption time to save signaling costs.
Observation 6: If both CHO and RUDI HO are configured simultaneously, whether the source eNB/gNB performs early or late data forwarding can be an issue and there is a trade-off between signaling costs and the interruption time.
A paper [9] proposed that “For enhanced MBB combined with CHO, the decision in the source eNB to start early or late data forwarding can be left to network implementation.” Furthermore, the paper says “If for instance enhanced MBB is combined with CHO and only a single candidate cell is configured to the UE, then the source eNB could start early data forwarding as if only enhanced MBB is configured. But if enhanced MBB is combined with CHO and several candidate cells are configured to the UE, then the source eNB may start data forwarding at a later stage in the handover execution phase, e.g. based on an indication from the UE or from the target eNB when the UE is accessing the target cell.”

By the way, it is impossible for the source eNB/gNB to know the target cell is only one single prepared candidate at the CHO preparation time in most cases. But, if only one target cell is configured and the UE is expected to handover quickly, the network may choose to start early data forwarding. However, that case is very limited and this is against the principle of CHO which provides CHO configuration earlier than the CHO execution. Therefore, when the CHO is configured, early data forwarding is practically impossible in general cases.
Observation 7: When the CHO is configured, early data forwarding is practically impossible in general cases.
In RUDI HO, it is obvious that to reduce the interruption time, the DL data should be available at the target eNB/gNB when the RA procedure to the target eNB/gNB is successfully completed. So the indication from the target eNB/gNB when the UE is accessing the target cell is too late. In contrast, by the help of the “Bye” message, “on time” data forwarding can be performed consistently regardless whether only CHO or RUDI HO is configured, or both CHO and RUDI HO are configured simultaneously. Furthermore, it can solve the trade-off between signaling costs and the interruption time. As discussed in [8], “on time” data forwarding triggered by the “Bye” message is the best solution to balance the interruption time and the amount of data forwarding for RUDI HO. And “on time” data forwarding triggered by the “Bye” message can provide the best interruption time performance in RUDI HO as discussed in [8], [10]. Moreover, as discussed in [10], we see no reason why not to support the “Bye” message for RUDI HO, given that almost all companies agreed that the UE keeps UL HARQ (re)transmission to the source eNB/gNB even after switching UL data transmission to the target eNB/gNB in [107#78][LTE] MAC aspects for LTE mobility email discussion [11].

Observation 8: “on time” data forwarding triggered by the “Bye” message can support the consistent data forwarding for RUDI HO and CHO and solve the trade-off between signaling costs and the interruption time.
Observation 9: Almost all companies agreed that the UE keeps UL HARQ (re)transmission to the source eNB/gNB after switching UL data transmission to the target eNB/gNB.

Proposal 5: RAN2 is requested to introduce the “Bye” message in the combination of CHO and RUDI HO.

3. Conclusion
Observation 1: There are some similarities between MBB HO and CHO and therefore, the CHO can be easily combined with MBB HO by the help of these similarities.
Observation 2: Even though only CHO is configured, proposal 1 can be also applicable.
Observation 3: There is no major difference between MBB HO and DAPS HO with regard to the combination with CHO. 

Observation 4: There is an issue on the allocation of UL grant for RACH-less HO with regard to the combination with CHO.

Observation 5: “Bye” message can prevent the failure of UL grant and the waste of UL resources in the combination of RACH-less HO and CHO.
Observation 6: If both CHO and RUDI HO are configured simultaneously, whether the source eNB/gNB performs early or late data forwarding can be an issue and there is a trade-off between signaling costs and the interruption time.
Observation 7: When the CHO is configured, early data forwarding is practically impossible in general cases.
Observation 8: “on time” data forwarding triggered by the “Bye” message can support the consistent data forwarding for RUDI HO and CHO and solve the trade-off between signaling costs and the interruption time.
Observation 9: Almost all companies agreed that the UE keeps UL HARQ (re)transmission to the source eNB/gNB after switching UL data transmission to the target eNB/gNB.

Based on the discussion in Section 2, we propose the following:

Proposal 1: With regard to the combination of MBB HO and CHO, RAN2 is requested
- to support the combination of MBB HO and CHO;
- to consider that if MBB HO and CHO are configured simultaneously, the UE can maintain source eNB/gNB connection before the initial uplink transmission to the target eNB/gNB after CHO execution condition is met;
- to consider that if MBB HO and CHO are configured simultaneously,  it is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell to initiate re-tuning for connection to the target cell.

Proposal 2: RAN2 is requested to decide whether if CHO is configured, MBB HO is supported by default or not.
Proposal 3: With regard to the combination of DAPS HO and CHO, RAN2 is requested
- to support the combination of DAPS HO and CHO;
- to consider that if DAPS HO and CHO are configured simultaneously, the UE can perform the handover execution before the initial uplink transmission to the target eNB/gNB after CHO execution condition is met, and maintain source eNB/gNB connection to source cell release;
- to consider that if DAPS HO and CHO are configured simultaneously,  it is up to UE implementation when to perform the handover execution.

Proposal 4: With regard to the combination of RACH-less HO and CHO, RAN2 is requested
- to support the combination of RACH-less HO and CHO;
- to consider that if RACH-less HO and CHO are configured simultaneously, the UE can maintain source eNB/gNB connection before CHO execution condition is met;
- to discuss the issue on the allocation of UL grant for RACH-less HO.

Proposal 5: RAN2 is requested to introduce the “Bye” message in the combination of CHO and RUDI HO.
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