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Introduction
In RAN2#105 meeting, the some details for split-bearer and non-split bearer solution to support simultaneous connectivity during HO were discussed and following agreements were made regarding source cell detaching:
Agreements
3	Agree the following common aspects for “non-split bearer” solution candidate:
c.	The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

4	RAN2 is asked to work further on the details of the following open issues:
a.	When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side
Following issues were identified:
=>FFS how security asepcts are handled and whether changes to LTE baseline are needed.
=>FFS whether there is single active protocol stack or two simultaneously active protocol stacks 
=>FFS how to detach from the source cell (seen from the NW’s side and UE’s side)
=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)
In this contribution, we discuss how to detach from the source cell for the solutions in both single active protocol stack and dual active protocol stacks. 
Discussion
2.1 Basic HO and Rel-14 MBB HO
In the basic HO procedure as illustrated in Fig 1. A), UE detaches from the source eNB upon reception of the HO command.  The source eNB stops data transmission/reception with the UE and starts SN status transfer and data forwarding when transmits the HO command to UE. The time point for UE detaching from the source cell and source cell detaching from the UE is aligned by the HO command. 
Observation 1:  In basic HO procedures, the time point of UE detaching from the source cell and source cell detaching from the UE is aligned by the HO command. 
In Rel-14 MBB HO just as illustrated in Fig 1.B), after reception of the HO command, UE continues data transmission/reception with the source cell for a while. Then UE detaches from the source cell when the UE executes initial uplink transmission to the target cell. It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source eNB to initiate the connection to the target eNB. From the network side, the source eNB decides when to stop transmitting to the UE and then perform SN status transfer and data forwarding towards the target eNB.  Since both UE detaching from the source eNB and source eNB detaching from the UE are left to implementation and not clearly specified, the time points for UE detaching from the source eNB and the source eNB detaching from UE are not exactly aligned. 
The reason to allow the potential misalignment on the time point for detaching from the source cell from UE and network side is the target of Rel-14 MBB is to reduce the mobility interruption instead of achieving 0ms interruption. 
Observation 2:  In Rel-14 MBB HO procedures, the time points of UE detaching from the source cell and source cell detaching from the UE are not exactly aligned, since they are left to UE and network implementation respectively. 


Figure 1 Detaching from source cell from UE and network aspect in existing HO procedures
2.2 Single Active Protocol Stack
During RAN2#105 meeting, the definitions for single active protocol stack and dual active protocol stacks were clarified [1]. The email discussion [105#57][LTE/feMOB] compared the different solutions.  
UE detaching from the source cell
For the solutions with single active protocol stacks i.e. option 0/1/2 are defined from UE aspect. UE detaches from the source cell either when RAR from the target eNB is received (option 0/1) or after completion of transmission of HO complete message. 
For both option 0 and option 1, the RRC layer doesn’t know when the RAR from the target eNB is received, an indication from the MAC layer to RRC is required to trigger the source cell detaching. In option 0, there is only one single RLC/PDCP layer, UE delays to perform PDCP re-establishment and security key update until RAR from the target eNB is received. So there is a short interruption after reception of RAR. In option 1, although there are two protocol stacks existing at the UE side, UE may also need to perform PDCP re-establishment to update the security key.  
Observation 3: For both option 0 and option 1, UE detaches from the source cell when RAR from the target eNB is received. 
Proposal 1: For both option 0 and option 1, an indication is sent from the MAC layer to the RRC layer upon reception of RAR from the target eNB to trigger UE detaching from the source cell. 
In option 2 with CFRA, UE detaches from the source cell after completion of transmission of HO complete message. However, the exactly time point for ‘completion of transmission of HO complete message’ is unclear. Following interpretations are possible:
i. Reception of the HARQ ACK for the transmission of the HO complete message
ii. Reception of the RLC ACK for the transmission of the HO complete message
In option 2 with CFRA, an indication from MAC/RLC layer to RRC is required, since RRC doesn’t know exactly when the ACK is received.  
In option 2 with CBRA, UE detaches from the source cell when the contention resolution MAC CE is received. Since RRC layer doesn’t know when MAC layer receives contention resolution MAC CE, an indication from the MAC layer to RRC is required to trigger the source cell detaching. 
Observation 4: In option 2 with CFRA, UE detaches from the source cell upon reception of the HARQ/RLC ACK for the transmission of the HO complete message; in option 2 with CBRA, UE detaches from the source cell upon reception of the contention resolution MAC CE. 
Proposal 2: For option 2, an indication is sent from MAC/ RLC layer to the RRC layer upon reception of HARQ/RLC ACK for the transmission of the complete message for CFRA. An indication is sent from MAC layer to the RRC layer upon reception of the contention resolution MAC CE for CBRA. FFS on whether HARQ ACK or RLC ACK is used.
Source cell detaching from the UE
In the solutions of single active protocol stack, the basic principle is that UE detaches from the source cell exactly at the time when the connection with the target eNB is setup and available for data transmission/reception. Since the source eNB doesn’t know exactly when UE receives the RAR from the target eNB (option0/1) or the complete message is successfully transmitted to the target eNB(option2), it can’t be left to the source cell to decide when to detach from the UE. Because there is a risk that the source cell stops data transmission/reception earlier than connection with the target eNB is established. Therefore, an indication from the target is required to inform the source eNB that it can detach from the UE. 
Observation 5: In single active protocol stack, the source eNB doesn’t know when UE detaches from it. There is a risk that the source cell stops data transmission/reception earlier if source cell detaching from the UE is determined by the source cell itself. 
Proposal 3: In single active protocol stack, an indication from the target eNB is sent to the source eNB informing source eNB to detach from UE. 
Typically, the target eNB sends the indication to the source cell after the connection with the target eNB is established. Considering the X2 latency, the time points for UE detaching from the source cell and source cell detaching from the UE is decoupled and not exactly aligned.  The consequence is that the source eNB may continue the data transmission/reception with UE for a while even the UE has stopped data transmission/reception with the source cell. It’s a wastage of radio resources, and also introduce DL interference. 
Observation 6: In single active protocol stack solutions, the time points of UE detaching from the source cell and source cell detaching from the UE is decoupled and not exactly aligned. 
In order to minimize the side effect, the time difference between UE detaching from the source cell and the source cell detaching from the UE should be minimized. So the target eNB should send the indication to the source eNB as soon as possible. In option 0/1, the target eNB can send the indication to the source eNB and RAR to the UE in parallel.  In option 2 for CFRA, the target eNB can send the indication to the source eNB and the HARQ/RLC ACK to the UE in parallel.  In option 2 for CBRA, the target eNB can send the indication to the source eNB and the contention resolution MAC CE to the UE in parallel.  However, how to minimize the time difference should be discussed in RAN3 and may rely on network implementation. 
Proposal 4: In single active protocol stack, the time points of UE detaching from the source cell and source cell detaching from the UE should be minimized. 


Figure 2 Detaching from source cell from UE and network aspect in single active protocol solutions
2.2 Dual Active Protocol Stacks
For dual active protocol stack, the time point for UE detaching from the source eNB is not so restricted and UE can release the connection with source eNB even after the connection with the target eNB is established. Simultaneous data transmission/reception can be performed with the source eNB and the target eNB tentatively until the connection with the source cell is released. 
UE detaching from the source cell
Following options can be considered for UE detaching from the source cell:
· Implicit methods: 
· Method 1: Timer similar as DataInactivityTimer can be used to release the connection with the source cell
· Method 2: RLF at the source cell if RLM is performed for the source cell during HO
· Explicit signal
· Method 3: Explicit indication from the target cell to the UE to release the connection with source cell
· Option 4: Explicit indication from the source cell to the UE to release the connection with itself
For method 1, if the timer expires, it implies that there is no data transmission/reception with the source cell for a while. UE can release the connection with the source cell. Considering the timer is configured by the network, there is no misalignment between UE and network on whether UE detaches from the source cell. Furthermore, it can also be used as a fallback mechanism if the explicit signal to release the connection with the source cell is lost. For method 2, UE detaches from the source cell autonomously when RLF with the source cell occurs. From the network aspect, it may rely on the source cell to detect the RLF. Since the source eNB may not detect RLF of the UE immediately. The time point of UE detaching from the source eNB and source eNB detaching from the UE is not exactly aligned. It is also possible that a RLF indication can be sent to the target eNB, which then forwards the indication to the source eNB. Whether to support method 1 depends on whether RLM is supported on the source cell during HO. 
For method 3 and 4, the only difference is who takes the responsibility and generate the signaling to the UE to release the source connection.   The time points for UE detaching from the source eNB and source eNB detaching from the UE is the same. The target cell can indicate the release of the source connection to both the source cell and the UE at the same time through X2 and Uu signal respectively. 
Observation 7: In dual active protocol stack, the time point of UE detaching from the source eNB and source eNB detaching from the UE can be aligned by both explicit signal and inactivity timer.  
Proposal 5: For dual active protocol stacks, both data inactivity timer and explicit signal can be used to detach UE from the source eNB.  
Proposal 6: For dual active protocol stacks with explicit signal, the target eNB sends indication to both the source eNB and the UE to detach UE from the source eNB. 


Figure 3 Detaching from source cell from UE and network aspect in dual active protocol solution


Conclusion
In this contribution, we discuss UE detaching from the source eNB for both single active protocol stack and dual active protocol stacks. We have following observations:
Observation 1:  In basic HO procedures, the time point of UE detaching from the source cell and source cell detaching from the UE is aligned by the HO command. 
Observation 2:  In Rel-14 MBB HO procedures, the time points of UE detaching from the source cell and source cell detaching from the UE are not exactly aligned, since they are left to UE and network implementation respectively. 
Observation 3: For both option 0 and option 1, UE detaches from the source cell when RAR from the target eNB is received. 
Observation 4: In option 2 with CFRA, UE detaches from the source cell upon reception of the HARQ/RLC ACK for the transmission of the HO complete message; in option 2 with CBRA, UE detaches from the source cell upon reception of the contention resolution MAC CE. 
Observation 5: In single active protocol stack, the source eNB doesn’t know when UE detaches from it. There is a risk that the source cell stops data transmission/reception earlier if source cell detaching from the UE is determined by the source cell itself. 
Observation 6: In single active protocol stack solutions, the time points of UE detaching from the source cell and source cell detaching from the UE is decoupled and not exactly aligned. 
Observation 7: In dual active protocol stack, the time point of UE detaching from the source eNB and source eNB detaching from the UE can be aligned by both explicit signal and inactivity timer.  
Based on the observations, we propose:
Proposal 1: For both option 0 and option 1, an indication is sent from the MAC layer to the RRC layer upon reception of RAR from the target eNB to trigger UE detaching from the source cell. 
Proposal 2: For option 2, an indication is sent from MAC/ RLC layer to the RRC layer upon reception of HARQ/RLC ACK for the transmission of the complete message for CFRA. An indication is sent from MAC layer to the RRC layer upon reception of the contention resolution MAC CE for CBRA. FFS on whether HARQ ACK or RLC ACK is used.
Proposal 3: In single active protocol stack, an indication from the target eNB is sent to the source eNB informing source eNB to detach from UE. 
Proposal 4: In single active protocol stack, the time points of UE detaching from the source cell and source cell detaching from the UE should be minimized. 
Proposal 5: For dual active protocol stacks, both data inactivity timer and explicit signal can be used to detach UE from the source eNB.  
Proposal 6: For dual active protocol stacks with explicit signal, the target eNB sends indication to both the source eNB and the UE to detach UE from the source eNB. 
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