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1 Introduction
In the last RAN2 #105bis meeting, a LS [1] on CHO in E-UTRAN and NR was sent out to RAN3. In the LS, some agreements made by RAN2 are included as follows:
In the meanwhile, whether it is the source eNB/gNB, target eNB/gNB or source + target eNB/gNB deciding on the conditional HO Command triggering condition is still discussed in RAN2. In the LS, RAN3 is kindly asked to study and potentially define suitable mechanisms for E-UTRAN’s and NR’s CHO, at least in the following areas:
· Data forwarding
· HO preparation
The basic CHO should be common for both E-UTAN and NR, in this paper, we will provide our views on the common aspects for LTE and NR. 
2 Discussion
2.1 CHO rationale and impact on RAN3
When CHO is applied, in the RRC Reconfiguration message, the source eNB/gNB may send CHO-specific measurement and reporting parameters/configurations to the UE. When the reporting triggering condition is met, the UE will report the measurements results to the source eNB/gNB. If the source base station decides to apply CHO to the UE, it should send the CHO indication in the HO request message to help target base station differentiate CHO from normal HO. 

Another issue that may impact RAN3 is who will decide the CHO triggering condition, there exist two possibilities,
·    The source eNB/gNB sends the CHO triggering condition in the RRC Reconfiguration message to the UE, if such condition could be decided by the source eNB/gNB solely.
·    The target eNB/gNB transfers the CHO triggering condition via the X2/Xn interface to the source eNB/gNB, and then source eNB/gNB sends such condition in the HO Command to the UE, if the target eNB/gNB is required to be involved in making decision.
Accordingly, the UE will store the CHO triggering condition. Subsequently, when the CHO triggering condition is satisfied, the UE should perform RACH procedure to the chosen target eNB/gNB. Optimally, the meaningful downlink data should have been available at the target eNB/gNB just after the UE finishes the RACH procedure to the target eNB/gNB. For satisfying such requirement, discussion on the data forwarding timing and information exchanged between source target eNB/gNB and target eNB/gNB during HO preparation phase should be made in RAN3.

Observation 1:   Optimally, the downlink data should have been available at the target eNB/gNB just after the UE finishes the RACH procedure to the target eNB/gNB. 
Proposal 1: CHO indication should included in the HO request message to help target base station differentiate CHO from normal HO
Proposal 2: To satisfy the requirement indicated in the observation 1, discussion on the data forwarding timing and information exchanged between source target eNB/gNB and target eNB/gNB during HO preparation phase should be made by RAN3.

2.2 CHO Data forwarding solution

In this section, 4 potential solutions for CHO data forwarding are presented. For simplicity, illustration of the solutions use CHO in LTE as an example, but it can also applied to CHO for NR.
2.2.1 Solution 1
In the solution 1, early data forwarding is applied. After sending the RRC Connection Reconfiguration message consisting of the CHO triggering condition to the UE, the source eNB could start to forward the downlink data (PDCP SDUs) to the target candidate eNBs via X2 interface. Subsequently, the UE might perform RACH procedure to one of the candidate eNBs, provided that the CHO condition is met. When the source eNB decided to stop the transmission to the UE, it sends the SN status report to the target eNB so that the target eNB could know that from which PDCP SDU the downlink transmission should start.   In the meanwhile, the target eNB will send path switch request to the MME. When receiving it, the MME will send the end marker to the source eNB, and then source eNB will forward it to the target eNB. Finally, the target eNB will send UE context release message to the source eNB, upon the path switch is finished.
Observation 2: If early data forwarding is applied, after sending the RRC Connection Reconfiguration message consisting of the CHO triggering condition to the UE, the source eNB/gNB should start to forward the downlink data (PDCP SDUs) to the target candidate eNBs/gNBs via X2/Xn interface.
Observation 3: After the RACH procedure is finished, SN status report should be sent from the source eNB/gNB to the target eNB/gNB so that the target eNB/gNB could know that from which PDCP SDU the downlink transmission should start. 
2.2.2 Solution 2

In the solution 2, data forwarding could be initialised after the source eNB receives the indication of confirmation of the start of CHO handover from the UE. Then, SN status report could be sent from the source eNB to the target eNB. In such way, the downlink transmission from the target eNB to the UE could be started immediately after the UE finishes the RACH procedure towards the target eNB. The details of the implementation are presented in figure 2.
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                                                              Figure 1: Solution #2 of data forwarding for CHO
Observation 4: data forwarding and SN status transfer could be initiated after the source eNB/gNB receives the indication of confirmation of the start of CHO handover from the UE.
2.2.3 Solution 3

In the solution 3, data forwarding and SN status transfer could be initialised after the source eNB realises that the UE has triggered CHO. This could be accomplished by taking advantage of the certain measurement of the UE reference signals or counting the number of consecutive packets unsuccessfully transmitted to the UE, which is based on implementation. Therefore, the downlink transmission from the target eNB to the UE could be started after the judgement that CHO has been made by the UE already is made. The details of the implementation are presented in figure 2.

[image: image2.emf]UE

source 

eNB/gNB

CHO triggering 

condition is met

Target 

eNB/gNB

RRC Con. Reconfig. Com.

RACH Procedure

Data forwarding

Solution 3

RRC Con. Reconfig.

Data tranmsison

SN status

Judgement of CHO 

been triggered by 

the UE is made


                                                             Figure 2: Solution #3 of data forwarding for CHO
Observation 5: data forwarding and SN status transfer could be initialised after the source eNB realizes that CHO has been made by the UE already (how such judgement is made can be based on implementation).
2.2.3 Solution 4

In the solution 4, data forwarding and SN status transfer could be initialised after the source eNB receives the indication of complete of the CHO or request of data forwarding from the target eNB. In this case, RAN3 should study the feasibility of introduction of such indication or request in the X2/Xn interface. The details of the implementation are presented in figure 3.
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 Figure 3: Solution #4 of data forwarding for CHO

Observation 6: Data forwarding and SN status transfer could be initiated after the source eNB/gNB receives an indication of complete of the CHO or request of data forwarding from the target eNB/gNB.
Proposal 3: RAN3 to evaluate the proposed solutions for CHO data forwarding and make decisions.
3 Conclusion
In this contribution, following observations and proposals are made:
Observation 1:   Optimally, the downlink data should have been available at the target eNB/gNB just after the UE finishes the RACH procedure to the target eNB/gNB. 
Observation 2: If early data forwarding is applied, after sending the RRC Connection Reconfiguration message consisting of the CHO triggering condition to the UE, the source eNB/gNB should start to forward the downlink data (PDCP SDUs) to the target candidate eNBs/gNBs via X2/Xn interface.
Observation 3: After the RACH procedure is finished, SN status report should be sent from the source eNB/gNB to the target eNB/gNB so that the target eNB/gNB could know that from which PDCP SDU the downlink transmission should start. 
Observation 4: Data forwarding and SN status transfer could be initiated after the source eNB/gNB receives the indication of confirmation of the start of CHO handover from the UE.
Observation 5: Data forwarding and SN status transfer could be initialised after the source eNB realizes that CHO has been made by the UE already (how such judgement is made can be based on implementation).

Observation 6: Data forwarding and SN status transfer could be initiated after the source eNB/gNB receives an indication of complete of the CHO or request of data forwarding from the target eNB/gNB.
Proposal 1: CHO indication should included in the HO request message to help target base station differentiate CHO from normal HO
Proposal 2: To satisfy the requirement indicated in the observation 1, discussion on the data forwarding timing and information exchanged between source target eNB/gNB and target eNB/gNB during HO preparation phase should be made by RAN3.

Proposal 3: RAN3 to evaluate the proposed 4 solutions for CHO data forwarding and make decisions.
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  When the condition is met, the UE immediately executes the HO command and accesses the target cell. 


  There could be a single or multiple candidate target cells for CHO, and it is up to network’s decision how many cells to prepare.


   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 to prepare. However, early packet forwarding can be also considered as an option.


   The network can inform the UE to release the CHO configurations after CHO command.   This may happen also due to target eNB’s/gNB’s decision to cancel the preparation. 
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