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1   Introduction
And an LS in [2] has sent from RAN2 to RAN3 on CHO details, including:

“RAN2#105 has additionally agreed that late packet forwarding (i.e. not done immediately when CHO target candidate cells become prepared) could be more suitable for CHO, especially when there are multiple candidate target cells. However, early packet forwarding can be also considered as an option”,

And RAN3 is kindly asked to study the data forwarding for CHO.
In this paper, we would discuss about the data forwarding issue for conditional handover.
2   Discussion
In RAN2#105bis meeting, CHO is agreed in NR to solve robustness/reliability issue, and some agreements were achieved in [1] as following:
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 CHO, the network can configure one or more candidate cells with CHO trigger condition(s), and the UE can evaluate whether the condition is met based on the configuration. When the candidate cell fulfils the trigger condition, the UE can access to this target cell. And the source cell would perform data forwarding towards this target cell. 
At RAN2#105bis meeting it has agreed that “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”. 
There are some options about how/when to perform data forwarding as following:

· Option 1: After the source gNB configures the CHO;
· Option 2: Upon the source gNB receives the indication from the UE, which indicates that the UE has determined the target cell or the UE has successfully accessed to the target cell;
· Option 3: Upon the source gNB receives the indication from the target cell, which indicates that the UE has successfully accessed to the target cell;

· Option 4: When handover to the target cell is successfully completed, e.g. when receiving the end marker from the UPF, or when receiving the UE Context Release message from the target cell.
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Figure 1: data forwarding options for CHO
Option 1 is the early data forwarding solution, and it is RAN2 common understanding that option1 can only work well when there is only one candidate target cell, because if multiple candidate target cells are configured, this solution needs data forwarding with multiple candidate gNBs including the gNB(s) that the UE would not handover to finally. Thus it would cause network resources waste. 
However, only one candidate cell for CHO is not a good choice since it is very difficult to decide which cell is to be configured as the only one candidate, and the accurate candidate cell configuration impacts whether CHO can be performed successfully. On the other hand, the only candidate cell may not fulfil the CHO trigger condition because of early configuration and/or UE mobility, even the CHO trigger condition is met, the UE may fail to access to this candidate cell, and upon the access to this cell is failed, finally this CHO procedure is failed because there is no other choice that the UE can try to evaluate and access. 
Therefore, if only one candidate cell is configured for CHO, the HOF in CHO maybe be comparable to the traditional handover procedure, and this seems contradicting to the reason to introduce CHO in NR. 
Observation 1: Early data forwarding (option 1) can only work well when there is only one candidate target cell. When multiple candidate cells are configured, option 1 may cause unnecessary data forwarding to candidate cells which the UE does not select as handover target.
For Option 2, the source gNB would perform data forwarding until it receives the indication from the UE when the UE has determined the target cell or the UE has successfully accessed to the target cell. 
But the issue is that the source gNB may not receive the indication from the UE when the source link quality is bad, and the indication is not always reliable.
Observation 2: Option 2 is not reliable since the radio link quality at source side may be bad when the CHO trigger condition is fulfilled.
At RAN2#105bis meeting it has agreed that 

“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”.

Therefore, before the UE accesses to the target cell, the UE can continue data transmission with the source cell, and after the UE transmits the RRC Reconfiguration Complete message to the target cell, the UE can transmit/ receive data from the target cell
For Option 3, when the target gNB receives the RRC Reconfiguration Complete message from the UE, it can indicate the source gNB to start data forwarding to the target gNB. This option needs to introduce a new class 2 messages on Xn interface.
For Option 4, since the CN path is switched to the target cell, the target cell can receive the packets from the UPF before it receives the buffer packets from the source cell, it would cause unnecessary transmission latency to the packets that are buffering at the source side and not delivered to the UE yet.

Observation 3: Performing data forwarding until handover to the target cell is successfully completed would cause unnecessary transmission latency for user data.
Proposal: It is propose RAN3 to discuss and decide the data forwarding mechanism based on above analysis.
3   Conclusion

This paper mainly discusses about data forwarding / SN status transfer for conditional handover. Based on the above discussion, we have the following proposals:
Observation 1: Early data forwarding (option 1) can only work well when there is only one candidate target cell. When multiple candidate cells are configured, option 1 may cause unnecessary data forwarding to candidate cells which the UE does not select as handover target.
Observation 2: Option 2 is not reliable since the radio link quality at source side may be bad when the CHO trigger condition is fulfilled.
Observation 3: Performing data forwarding until handover to the target cell is successfully completed would cause unnecessary transmission latency for user data.
Proposal: It is propose RAN3 to discuss and decide the data forwarding mechanism among following 4 options.

· Option 1: source gNB starts data forwarding just after CHO is configured;

· Option 2: source gNB starts data forwarding upon receiving the indication from the UE, which indicates that the UE has determined the target cell or the UE has successfully accessed to the target cell;

· Option 3: source gNB starts data forwarding upon receiving the indication from the target gNB, which indicates that the UE has successfully accessed to the target cell;

· Option 4: source gNB starts data forwarding upon receiving when receiving end marker from the UPF, or receiving the UE Context Release message from the target cell.
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