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1   Introduction
The NR WI was approved at RAN plenary #75 in [1].  The mobility in RRC_CONNETED is RAN3 responsibility. The relevant descriptions are cited as below:

-
Radio Access Network architecture, interface protocols and procedures including RAN interfaces Xx, Xn and NG covering both NR and E-UTRA, for the following features and connectivity options (*) [RAN3]:

-
Mobility in RRC_CONNECTED and RRC_INACTIVE;

-
Functionalities for a Radio Access Network connected to 5G-CN, supporting NR access and E-UTRA;

-
Specify the NG interface following the requirements developed in SA2 for the N2 and N3 reference points.
Furthermore, some progress made by RAN3 during study stage are captured in section 10.2.1 intra-system mobility in [2], such as:

· The scenarios of handover were identified. 
· And the X2 based handover procedure will be taken as the baseline for Xn based handover between gNBs. 
· An inter-gNB handover with in-band path switch was also captured in the TR. 

This contribution focuses on the topic of Xn based handover between gNBs.
2   Discussion
2.1   Handover procedures
Generally, the X2 based handover procedure in LTE stage 2 specification [3] comprises of 3 steps:
Step 1: Handover preparation

Basic procedure
During this stage, the following functions are performed:

· The source eNB makes the handover decision and the handover target cell(s) based on RRM measurements and potential other internal factors (such as, load information, UE speed, etc),  
· Then a X2AP HANDOVER REQUEST message is sent to the target eNB serving the target cell.  
· The target eNB will perform the admission control function for the incoming handover request. 
· A HANDOVER REQUEST ACKNOWLEDGE is sent back to the source side by the target eNB if admission control is passed.
It seems no requirement and motivation to change them in Xn based handover between gNBs. 
Proposal 1:  During handover preparation, the Xn based handover between gNBs will follow the principles of:

· The source gNB makes the handover decision.

· The target gNB will execute the admission control for the received handover request.

· A class 1 elementary procedure is needed for Xn AP.
Qos flow to DRB mapping
Since it has been agreed that the flow-DRB mapping is decided in RAN, the flow-DRB mapping determined in source gNB should be transported to the target gNB so that the target node could perform the same mapping. If the target node is allowed to perform remapping during handover, this information could be taken as a reference for the flow-DRB remapping.

Proposal 2: The flow-DRB mapping info in source gNB should be carried in the HANDOVER REQUEST message.
Impact due to support of flow based admission control
In LTE, target eNB performs admission control on E-RAB granularity. The Qos profile of each E-RAB are well-defined in SA2 specification. In contrast, the DRB Qos profile will be not defined in NR. Traditional E-RAB based admission control becomes unfeasible. Therefore, we propose to adopt the flow based admission control function which is proposed in more detail in [4].
Consequently, instead of the (non-) admitted E-RABs, the admitted and non-admitted Qos flows should be sent from target gNB to source gNB in HANDOVER REQUEST ACKNOWLEDGE message.
Proposal 3: The target gNB will feedback the admitted and non-admitted Qos flows to source gNB in HANDOVER REQUEST ACKNOWLEDGE.
Step 2: Handover execution

At this stage in LTE X2 based handover, the source eNB will:
· Send the RRC Connection Reconfiguration messages to the UE to trigger the handover
· Send SN status info to the target eNB, and start data forwarding if lossless handover was applied.

The UE will:

· Detach from the source cell

· Synchronize and access to the target cell served by the target eNB.

· Send RRC Reconfiguration complete message to the target eNB after a contention-free random access procedure.

The target eNB will:

· Receive the RRC Reconfiguration complete message
0ms handover interruption time

There is a 0ms handover interruption requirement for intra-NR mobility captured in section 7.7 in [5].  RAN2 discussed this requirements and solutions including DC based handover, and make before break handover. The agreement is that:
Agreements

1
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO

This agreement may result in a different handover execution. Coordination between RAN3 and RAN2 is needed to ensure the endorsed handover execution procedure embedded in the overall Xn handover procedure smoothly.
Proposal 4:  Solution for 0 ms handover interruption time is pending in RAN2. Coordination between RAN3 and RAN2 is needed to ensure the endorsed handover execution procedure embedded in the overall Xn handover procedure smoothly.
Step 3: Handover completion

At this step, the target eNB will trigger the path switch towards EPC by S1AP signalling. Following this principle, the path switch procedure for Xn handover should be that the target gNB sends a NGAP handover complete message to AMF. The AMF will inform the UPGW to switch the data path for all admitted Qos flows. As a result, the target gNB will receive a handover complete acknowledge message from AMF. 
Proposal 5:  NGAP signalling based path switch will be used in Xn based handover.
Handover cancel

As specified in [6], the Handover Cancel procedure is used to enable a source node to cancel an ongoing handover preparation or an already prepared handover and it uses UE-associated signalling.

Evidently, similar handover cancel procedure is needed for Xn as well.
Proposal 6: Handover cancel procedure should be supported by Xn handover.
2.2   Design of IEs 

In LTE X2 based handover procedure, mandatory IEs are originally added into the messages since Rel-8. Optional IEs are complemented for support of new features in later releases.

For the IEs design of Xn handover, basic mandatory IEs which are essential for the handover function should be discussed with high priority.  Optional IEs for support of other features should be added once agreed in the discussion of the features.  Mandatory IEs in LTE X2 handover could be taken as a baseline to discuss.

Proposal 7: Basic mandatory IEs which are essential for the handover function should be discussed with high priority.  Optional IEs for support of other features should be added once agreed in the discussion of the features. 
E-RABs To Be Setup List

In NGC, the PDU session is established between NGC and gNBs instead of E-RABs in LTE. The PDU session consists of at least one QoS flow. Therefore, The E-RAB To Be Setup List IE in HANDOVER REQUEST should be replaced by PDU Session To Be Setup List. 

Taking the SA2 agreements of session management and QoS model as baseline, the PDU session information should including 

· PDU session ID, 

· UL TNL information 

· and QoS flows information

The QoS flows information (for GBR and non-GBR) includes:

-
5G QoS Indicator (5QI),
-
Allocation and Retention Priority (ARP).

For GBR QoS flows, the following QoS parameters should be included:

-
Guaranteed Flow Bit Rate (GFBR) - UL and DL;

-
Maximum Flow Bit Rate (MFBR) - UL and DL;

-
Notification control.
In addition, network slicing is a basic feature of NR which should be supported at the very beginning. Therefore, the S-NSSAI for each PDU session should be carried in HANDOVER REQUEST message.
Proposal 8: To support NGC flow based QoS management, the PDU Session To Be Setup List IE should be carried in HANDOVER REQUEST message and it should at least includes PDU session ID, UL TNL info, QoS flow information and S-NSSAI for each PDU session.
Consequently, the E-RAB admitted List and E-RAB not admitted List in HANDOVER REQUEST ACKNOWLEDGE should be replaced by Qos flows admitted List and Qos flows not admitted List of each PDU session.
Proposal 9: the E-RAB admitted List and E-RAB not admitted List in HANDOVER REQUEST ACKNOWLEDGE should be replaced by Qos flows admitted List and Qos flows not admitted List of each PDU session.
3   Conclusion
In this contribution, we analyse the main issues of Xn based handover procedures and conclude the following proposals:
Proposal 1:  During handover preparation, the Xn based handover between gNBs will follow the principles of:

· The source gNB makes the handover decision.

· The target gNB will execute the admission control for the received handover request.

· A class 1 elementary procedure is needed for Xn AP.
Proposal 2: The flow-DRB mapping info in source gNB should be carried in the HANDOVER REQUEST message.
Proposal 3: The target gNB will feedback the admitted and non-admitted Qos flows to source gNB in HANDOVER REQUEST ACKNOWLEDGE.
Proposal 4:  Solution for 0 ms handover interruption time is pending in RAN2. Coordination between RAN3 and RAN2 is needed to ensure the endorsed handover execution procedure embedded in the overall Xn handover procedure smoothly.
Proposal 5:  NGAP signalling based path switch will be used in Xn based handover.

Proposal 6: Handover cancel procedure should be supported by Xn handover.

Proposal 7: Basic mandatory IEs which are essential for the handover function should be discussed with high priority.  Optional IEs for support of other features should be added once agreed in the discussion of the features. 
Proposal 8: To support NGC flow based QoS management, the PDU Session To Be Setup List IE should be carried in HANDOVER REQUEST message and it should at least includes PDU session ID, UL TNL info, QoS flow information and S-NSSAI for each PDU session.

Proposal 9: the E-RAB admitted List and E-RAB not admitted List in HANDOVER REQUEST ACKNOWLEDGE should be replaced by Qos flows admitted List and Qos flows not admitted List of each PDU session.
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