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1. Introduction 
As a part of Rel-16 LTE_feMob-Core and NR_Mob_enh-Core work items, RAN2#105 has agreed that late packet forwarding (i.e. not done immediately when CHO target candidate cells become prepared) could be more suitable for CHO (Conditional Handover), especially when there are multiple candidate target cells. However, early packet forwarding can be also considered as an option. In LS R2-1905468, RAN3 is kindly asked to study and potentially define suitable mechanisms for E-UTRAN’s and NR’s CHO, at least in Data forwarding and HO preparation.
This paper analyses the data forwarding procedure for CHO.
2. CHO Concept Procedure
Figure 1 below shows the signaling procedures to support conditional HO. CHO has three phases similar to traditional HO. However, there are multiple aspects of the HO procedures that are different for CHO compared to traditional HO. 


[bookmark: _Ref876263]Figure 1. Conditional HO procedure
3. Data Forwarding
Data forwarding is fundamental function of handover. RAN2 discussed two data forwarding options: late data forwarding and early data forwarding. 
2 
Late data forwarding refers to the data forwarding after UE sent the RRC Reconfiguration Complete to target gNB (step 6 in figure 1). RAN2 has agreed to support late data forwarding. 
Early data forwarding refers to data forwarding before UE sends RRC Reconfiguration Complete to target gNB (step 6 of figure 1). The potential benefit is to reduce the data forwarding delay so that the new DL data from UPF can be sent to UE early. However, the intention of CHO is to improve the handover robustness instead of to reduce the user plane latency. If delay is critical, the other solutions (e.g. MBB handover) should be used instead.
When there is only one target, source gNB can perform early data forwarding up to implementation, as shown in figure 2 below. 
Observation 1: Early data forwarding can be initiated by source gNB up to implementation when there is only one target.


Figure 2: Data Forwarding
If data transfer at source continued after SN Status Transfer in early data forwarding, the late data forwarding is still needed. If data transmission is stopped after SN Status Transfer in early data forwarding, early data forwarding could have gain only if data forwarding is performed during the UE tuning and random access to target. But this synchronization is hard to achieve in CHO because tuning to target is decided by UE while data forwarding is decided by network. There were proposals in RAN2 to add air interface signalling for the synchronization. But, the signalling would introduce extra delay and the reliability of the signalling would introduce extra complexity to the CHO procedure.
Observation 2: the gain of early data forwarding is hard to get due to the difficulty in synchronization between UE tuning to target and gNB data forwarding.
When there are multiple targets, this early data forwarding becomes too complicated. Source gNB needs to send SN Status Transfer to each target gNB and then forward the data to each target respectively. 
Observation 3: When there are multiple targets, early data forwarding introduces high complexity but still has no significant gain. 
[bookmark: _GoBack]Based on above analysis, we can reply RAN2 LS on data forwarding of CHO as: late forwarding shall be supported as baseline; early forwarding could be used up to implementation when there is only one target.
Proposal 1: Reply RAN2 as below: 
· late forwarding shall be supported as baseline; 
· early forwarding could be used up to implementation when there is only one target. 

3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1: Data forwarding can be initiated by source gNB when there is only one target.
Observation 2: the gain of early data forwarding is hard to get due to the difficulty in synchronization between UE tuning to target and gNB data forwarding.
Observation 3: When there are multiple targets, there is no significant gain on early data forwarding.
Proposal 1: Reply RAN2 as below: 
· late forwarding shall be supported as baseline; 
· early forwarding could be used up to implementation when there is only one target. 


5. Appendix: RAN2 agreements on CHO
Below are the agreements from RAN2#105bis on support of conditional HO in NR.
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)
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