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1. Introduction
The objective of WI “NR mobility enhancements” [1] for RAN2 is divided into two enhancements including user data interruption reduction and HO robustness improvement as shown below. 
The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]
In the previous discussion, CHO is mainly for robustness handover while the DAPS is used to minimize  interruption time.  In RAN2#107 meeting, following agreements achieved about the CHO and DAPS HO [2]:
	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 will discuss the signaling procedure considering the combination of CHO and DAPS HO and some potential benefits that can be observed on CHO while DAPS HO is applied simultaneously.
2. Discussion
2.1 Signaling procedure
In legacy HO, UE executes the HO to the target cell and releases the connection with the source cell upon receiving the RRCReconfiguration. In the current specification version, CHO and DAPS HO are both introduced as the mobility enhancement. The main differences compared with legacy HO lie in that the UE only detaches from the source cell upon the execution condition satisfied in CHO procedure and maintains the connection with the source cell after performing RACH procedure with target cell in DAPS HO procedure.  The procedures of CHO and DAPS HO do not conflict with each other and can be easily combined.
Observation 1: In the case of CHO+DAPS HO, if one of the candidate cells satisfies the condition, the UE executes the HO to the pre-configured target candidate cell that satisfies the condition and maintains both source and target connections until the UE receives explicit release from target node.
Figure 1 illustrates one example of the signaling procedures to support the combination of CHO and DAPS HO in the inter-CU HO scenario. 


Fig. 1 Inter-CU combination of CHO and DAPS HO procedure
RRC Reconfiguration
As shown in Step 7, upon receiving the RRCReconfiguration message, the UE starts monitoring all the CHO candidates. The RRC Reconfiguration include both the configuration and indications of CHO and DAPS HO. 
Connection to the source cell
In Step 9, unlike the CHO, when one of the candidates satisfies the execution condition, the UE executes HO to that target if it satisfies the condition and maintains the connection with the source cell. 
As agreed in RAN2 #108, “the UE releases the source SRB resources, security configuration of the source cell and stops DL/UL reception/transmission with source upon receiving explicit release from target node”. The UE continues the downlink user data reception from the source cell until releasing the source cell in step 15 and continues the uplink user data transmission to the source cell until successful random access procedure to the target cell in step 11.
2.2 Impacts on uplink transmission
In the case of CHO+DAPS HO, UE can perform UL transmission to the source cell even after executing CHO command. Thus, the source cell is able to receive the “bye message” and results of CHO configuration compliance check. The “bye message” and compliance check in CHO procedure have been discussed before and believed to improve some performance.
“Bye message” and data forwarding
As shown in the current specification for LTE, the time for data forwarding in legacy HO is interpreted by“As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.”  In the CHO, the UE detaches from the source cell when one of the candidates meets the execution condition configured by the source cell. It was agreed to not to send the “bye message” due to the poor connection with the source cell. Thus, the source cell does not know when the UE executes HO procedure and which candidate is selected as target cell. In the previous discussion, RAN3 has agreed that both early data forwarding and late data forwarding are supported and it is up to network implementation. However, too early data forwarding to all the candidates results in heavy signaling costs, while too late data forwarding after the source receiving the complete message from the target cell causes long interruption time. A trade-off between signaling costs and the interruption time is hard to achieve. 
Observation 2: One potential issue of CHO is the time and target for data forwarding, and both early data forwarding and late data forwarding are not optimal since the trade-off between the signaling cost and the interruption time is hard to achieve.
One solution for the potential issue of CHO above is “bye message” which can provide timely information about the target cell and the time for data forwarding. In the CHO+DAPS HO procedure, “bye message” can be sent via the available connection with the source cell. The time for data forwarding is given other better options by the “bye message”. There are two options for the timing:
Option 1: after successful completion of RRC handover procedure.
Option 2: after the HO execution.
Option 1 can save some time by report the completion of RRC handover procedure via the source link instead of the indication from the target cell to source cell. But it is still too late for the data forwarding since the UE has already accessed to the target cell. By sending the “bye message” after the HO execution via the available connection with the source cell, the source cell can perform data forwarding to the exact target cell. The source cell starts data forwarding upon HO execution which is more timely than the late forwarding. Thus Option 2 can effectively reduce the interruption time without extra signaling with other potential target cells. 
Proposal 1: Depending on the available connection with the source cell, RAN2 considers to send the “bye message” to the source cell after the HO execution in the CHO+DAPS HO procedure. 
Compliance check and further handling
Legacy handling for compliance check failure of RRCReconfiguration is UE-triggered re-establishment. In CHO, the UE will not apply the CHO configuration from the candidates immediately, so that there may be time lag between the reception of CHO command and CHO execution. It can be observed that lots of companies support early check in RAN2#107bis meeting which makes further handling for the non-compliance possible. However, since the source connection is most likely in bad condition, it was agreed in RAN2#108 that the check time is up to UE and the UE performs re-establishment for the non-compliance. 
Observation 3: In CHO, further handling for the non-compliance is impossible since the poor condition of the source connection. 
By introducing the DAPS HO into CHO, UE can still receive RRC configuration from the source cell even after executing CHO command. The non-compliance configuration can be updated via the available connection with source cell. Since the CHO configuration can be modified by both source and target, handling for the non-compliance can be performed with few changes to the current specification. The reliability of HO, which is the main objective of the CHO, can be further enhanced. 
Proposal 2: In the case of CHO+DAPS HO, RAN2 considers to check the CHO+DAPS HO configuration compliance upon reception and perform further handling for non-compliance configuration via the available connection with source cell.
2.3 Impacts on downlink transmission
In legacy HO, UE executes the HO procedure upon the reception of the HO demand and stops receiving further configuration from the source cell. However, after executing CHO+DAPS HO, UE can still receive RRC configuration via the available connection with source cell. We should discuss the UE behavior specific to different types of RRC Reconfiguration received after executing CHO+DAPS HO.
Legacy HO command
In our understanding, the connected UE behavior should be in control of the network. The legacy HO command is based on the latest network decision which is prior to the pre-configured CHO+HO. It is already agreed that the UE perform legacy handover procedure if the UE receive the legacy HO demand before the CHO execution. Following the legacy, UE should stop the current CHO+DAPS procedure and execute new legacy HO command even after executing CHO+DAPS HO.
Proposal 3: After executing CHO+DAPS HO, if UE receives legacy HO command via the available connection with source cell, UE should stop the current CHO+DAPS procedure and execute the  legacy HO command.
Reconfiguration not influencing the current execution
Newly received reconfiguration like CHO configuration from other candidate cells, or trigger condition for other candidate cells will influence the current handover procedure. Since the CHO execution condition is already met and if the received new configuration does not influence the current HO execution, UE should continue the HO procedure with the configuration corresponding to the target cell. Considering the fast recovery by utilizing prepared CHO candidates, UE should update configuration although new configuration is not applied in the current executing procedure.
Proposal 4: After executing CHO+DAPS HO, if received RRC reconfiguration do not influence the current HO procedure, UE continues the HO with the stored configuration and update its configuration with newly received ones. 
Reconfiguration influencing the current execution
Newly received reconfiguration like CHO configurations from the target cell, trigger condition for the target cell, source reconfiguration will influence the current handover procedure. For example, resources in the target corresponding to the stored CHO configuration is not available anymore. If the UE continue the HO procedure with the invalid configuration, the handover procedure will not succeed. Thus, if the configuration UE applies during the HO procedure is not valid anymore, UE should stop the ongoing procedure and update the configuration with the newly received RRCreconfiguration message.
Proposal 5: After executing CHO+DAPS HO, if received RRC reconfiguration influences the current HO procedure, UE stops the HO and updates configuration with newly received ones.
3. Conclusion
We have discussed the signaling procedure of CHO+DAPS HO and some potential benefits that can be observed on CHO while DAPS HO is applied simultaneously.
Observation 1: In the case of CHO+DAPS HO, if one of the candidate cells satisfies the condition, the UE executes the HO to the pre-configured target candidate cell that satisfies the condition and maintains both source and target connections until the UE receives explicit release from target node.
Observation 2: One potential issue of CHO is the time and target for data forwarding, and both early data forwarding and late data forwarding are not optimal since the trade-off between the signaling cost and the interruption time is hard to achieve.
Observation 3: In CHO, further handling for the non-compliance is impossible since the poor condition of the source connection. 
Proposal 1: Depending on the available connection with the source cell, RAN2 considers to send the “bye message” to the source cell after the HO execution in the CHO+DAPS HO procedure. 
Proposal 2: In the case of CHO+DAPS HO, RAN2 considers to check the CHO+DAPS HO configuration compliance upon reception and perform further handling for non-compliance configuration via the available connection with source cell.
Proposal 3: After executing CHO+DAPS HO, if UE receives legacy HO command via the available connection with source cell, UE should stop the current CHO+DAPS procedure and execute the  legacy HO command.
Proposal 4: After executing CHO+DAPS HO, if received RRC reconfiguration do not influence the current HO procedure, UE continues the HO with the stored configuration and update its configuration with newly received ones. 
[bookmark: OLE_LINK5]Proposal 5: After executing CHO+DAPS HO, if received RRC reconfiguration influences the current HO procedure, UE stops the HO and updates configuration with newly received ones.
4. References
[1] RP-181433   New WID: NR mobility enhancements
[2] Chairman notes, “Draft Report of 3GPP TSG RAN WG2 meeting #107”, Prague.


image1.emf
Source gNB Target gNB UPF AMF

 1. Measurement Report

7. RRC Reconfiguration

8. RRCReconfigurationComplete

UE

Forwarding DL (Not Acked) 

user data

3. CHO+DAPS HO Decision

12. 

Source gNB connection 

release Decision

 0. Measurement Control

4. CHO+DAPS HO Request

Other potential 

Target gNB(s)

4. CHO+DAPS HO Request

5. Admission Control

6. CHO+DAPS HO Request 

Acknowledge

5. Admission Control

9. Evaluate the condition(s). 

Execute the HO to the target 

candidate cell if it satisfies 

the condition.

16. RRCReconfigurationComplete

11. RRCReconfigurationComplete

Handover preparation

Handover execution

Handover completion

6. CHO+DAPS HO Request Acknowledge

 user data

 user data

15. RRCReconfiguration

(Release source gNB connection)

 user data

Figure 9.2.3.2.1-1 step 9-12 in 38.300

10. Random access procedure

14. SN status transfer

13. HOConnectionSetupComplete

UE maintains 

both  source 

and target 

connections


Microsoft_Visio___1.vsdx
Source gNB
Target gNB
UPF
AMF
1. Measurement Report
7. RRC Reconfiguration
8. RRCReconfigurationComplete
UE
Forwarding DL (Not Acked) user data
3. CHO+DAPS HO Decision
12. Source gNB connection release Decision
0. Measurement Control
4. CHO+DAPS HO Request
Other potential Target gNB(s)
4. CHO+DAPS HO Request
5. Admission Control
6. CHO+DAPS HO Request Acknowledge
5. Admission Control

9. Evaluate the condition(s). Execute the HO to the target candidate cell if it satisfies the condition.
16. RRCReconfigurationComplete
11. RRCReconfigurationComplete
Handover preparation
Handover execution
Handover completion
6. CHO+DAPS HO Request Acknowledge
user data
user data
15. RRCReconfiguration
(Release source gNB connection)
user data
Figure 9.2.3.2.1-1 step 9-12 in 38.300
10. Random access procedure
14. SN status transfer
13. HOConnectionSetupComplete
UE maintains both  source and target connections



