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Introduction
In previous RAN2 meetings, some progresses were made with regard to NR mobility enhancements [1]. Especially for reduction in user data interruption during handover, the DC-based HO and non-DC-based solution have been in dispute, and there is no agreed way forward. The following agreements are from previous RAN2 discussions:
Agreements from RAN2# 105:
Agreements

1
We will consider non-DC-based solutions in study phase. Proponents are encouraged to come up with joint solutions and evaluation using the agreed criteria.
2
We will consider DC-based solutions in study phase. Proponents are encouraged to come up with joint solutions and evaluation using the agreed criteria.

Agreements from RAN2# 105bis:

Agreements

1
The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)

2
We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.

3
We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).
The DC-based HO and non-DC-based solution have different requirement at network side, in this contribution, we focus on the non-DC-based solution and provide some proposals and analysis on how to solve the data forwarding issue for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.
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Discussion
In study phase of New Work Item on even further Mobility enhancement in E-UTRAN [2], the Mobility enhancement for minimizing the interruption time has been discussed several meetings, and basically the non-DC-based solution for NR has similar signaling procedure as that for EUTRAN. One example of signaling procedure for the NR non-DC based solution is shown in figure 1：
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Figure 1 The signaling procedure for the NR non-DC based solution
According to above figure, the key steps are described as follows:

Step 1:
 A MEASUREMENT REPORT is triggered and sent to the Source gNB.

Step 2~3:
The source gNB decides to request for a handover with Enhanced Make-Before-Break, thus a HANDOVER REQUEST message with an eMBB HO indicator is sent to the target gNB. 
Step 4~5: The target gNB performs admission control and generates the RRCConnectionReconfiguration message to be sent by the source gNB to the UE. An eMBB HO indicator is included in the RRC message to inform the UE of performing a handover with enhanced Make-Before-Break.

Step 6: The UE receives the RRCConnectionReconfiguration message with necessary parameters and is commanded by the source gNB to perform the eMBB HO. The connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message until receiving explicit release source cell command.
Step 7: The source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the downlink PDCP SN transmitter status of RLC-AM bearers. And source gNB starts forwarding DL PDCP SDUs to the target gNB and continues to send and receive PDCP PDUs to/from the UE. For UL PDCP SDUs, the source gNB continues to send them to the UPF on the old NG-U path. For DL PDCP SDUs, forwarding will continue from the source gNB until the “end marker” packet is received from the UPF on the old path.
Step 8:
 UE starts synchronizing with the target cell while it continues to receive and transmit packet data in the source cell. UE performs random-access in the target cell and target gNB schedules uplink resources.

Step 9:
 The UE sends a PDCP SN Status Report for each RLC-AM bearer configured to the UE. The PDCP SN Status Report may be sent together with the RRCConnectionReconfigurationComplete message.
Step 10~13: The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger path switching between UPF and target cell. And the UPF sends one or more "end marker" packets on the old path to the source gNB and releases any U-plane/TNL resources towards the source gNB.
Step 14a/b/c: UE releases the source gNB connection according to the explicit release source cell message received from the target gNB. And according to the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. 
Based on the description, the requirements for the non-DC based solution at the network side mainly include two aspects, one is about network configuration, the other is about data forwarding mechanism.
With regard to network configuration, the existing Handover request procedure over Xn can be reused to inform target gNB of preparing enough resource to support the Enhanced Make-Before-Break HO, accordingly an eMBB HO indicator should be introduced into the HANDOVER REQUEST message.

Proposal 1: The existing handover request procedure over Xn can be reused to support the Enhanced Make-Before-Break HO, accordingly an eMBB HO indicator should be introduced into the HANDOVER REQUEST message.
With regard to the data forwarding, it is basically similar to that of R14 LTE MBB mechanism, the principle of which is: “ The source eNB starts data forwarding when it decides to stop exchanging data with the UE. The timing for starting data forwarding is determined by an implementation dependent method. ”
In addition, the source gNB will forwards all the DL PDCP SDUs to the target gNB and carries the assigned SN numbers, which is similar to that of the R14 LTE MBB mechanism. Therefore in user plane over Xn, the existing packet transmission mode can be reused, i.e, PDCP SN + PDCP SDU.
Proposal 2: For the Enhanced Make-Before-Break HO, the timing for starting data forwarding is determined by an implementation dependent method.  
Proposal 3: For the Enhanced Make-Before-Break HO, the existing DL packet transmission mode can be reused, i.e, PDCP SN + PDCP SDU .
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Conclusion

In the present contribution we make the following proposal:

Proposal 1: The existing handover request procedure over Xn can be reused to support the Enhanced Make-Before-Break HO, accordingly an eMBB HO indicator should be introduced into the HANDOVER REQUEST message.
Proposal 2: For the Enhanced Make-Before-Break HO, the timing for starting data forwarding is determined by an implementation dependent method.  

Proposal 3: For the Enhanced Make-Before-Break HO, the existing DL packet transmission mode can be reused, i.e, PDCP SN + PDCP SDU.
4

Reference

[1] RP-181433    “ New WID: NR mobility enhancements”,  Intel
[2] RP-181475    “New Work Item on even further Mobility enhancement in E-UTRAN”
_1618407651.vsd
�

UL/DL Data


7.SN Status Transfer


DL Data Forwarding


8. Synchronization + RACH


10.Path Switch Request


11.Modify Bearer Request


12.Modify Bearer Response


13.Path Switch Request Ack


DL Switch


UL/DL Data


UL/DL Data


Source gNB


Target  gNB


AMF


UPF


UL/DL Data


DL End Mark


2.HO Decision


4.Admission control


DL End Mark


UL/DL Data


14a.Release Source Cell Message


14b.UE Context Release


14c.Release Source Confirm Message


Release Source


1.Measurement Report


3. HO Request


5.HO Request Ack


6.RRC connection Reconfiguration Request


9.RRC Reconfiguration complete + PDCP Status Report


DL Data


UL/DL Data


Release UE Context


UE



