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1
Introduction
The basic handover procedure has been captured in Stage2 [1] based on the procedure in LTE 36.300 as a reference.  However, the new features introduced in NR have not been captured yet. So this paper lists the agreement achieved for these new features and discusses how to capture them in Stage2.
2
Discussion
Three features introduced in NR will have impacts on the handover procedure:
1st: the flow based QoS framework;
2nd: the beam related impact;
3rd: the new security related properties;
These important new features should be captured in the stage 2 handover procedure.
Observation 1: The three important new features introduced in NR, flow based QoS framework, beam related impacts, and the new security related properties, should be captured in the Stage2 handover. procedure.
QoS related agreements
RAN2#97bis: For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. ----------- ①
According to the above agreement, to ensure a ‘Lossless HO’, at least the target cell can use the same DRB configuration and QoS flow to DRB mapping as the source cell. The DRB configuration and the QoS flow to DRB should be transferred to the target during the HO preparation procedure. Besides, to support the new 5G QoS framework during handover, RAN3 has agreed to transfer the PDU session context including QoS flow information from the source to the target [2]. So the QoS related agreements should be included in the Stage2 handover preparation steps.
Observation 2: The QoS related agreements should be included in the Stage2 handover preparation steps.
Beams related agreements

RAN2#97: Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE) ----------- ②
RAN2#97: Access information (e.g. RACH configuration) for the target cell is provided in the HO command to enable the UE to access the cell without reading system information. Access information may include beam specific information (if any). ----------- ③
RAN2#97bis: Handover command can contain at least cell identity of the target cell and RACH configuration(s) associated to the beams of the target cell. RACH configuration(s) can include configuration for contention-free random access. ----------- ④
1b UE selects a suitable beam from all beams of the target cell.

1c UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.

Per agreement ② above, the network can configure the UE to report beam specific information. The agreement should be captured in the measurement Control and Reports steps. While per agreement ③ ④, the reported beam specific information is for the purpose of the target RACH configuration. As is discussed, the beam specific information is to facilitate the target cell to reserve and configure contention-free random access resource(s) on beams. So it’s intrinsic that the reported beam specific information should be forwarded to the target cell. Then the target cell can perform admission control and radio resource configuration taking the beam information into consideration. Besides, according to agreement ④, when performing random access on the target cell, the UE first select a suitable beam and then perform CBRA or CFRA according to the RACH resource configuration. The agreed UE behaviour should be captured in the UE synchronisation step.
Observation 3: The beam specific information of the target should be forwarded from the source to the target.
Observation 4: The Beam related agreements should be included in the Stage 2 measurement Control and Report, handover preparation, Admission control and UE synchronisation steps.
Security related agreements

RAN2#96: RRC involved handover with and without PDCP entity re-establishment is supported. (Confirmation required from SA3 that handover without security key change is acceptable) ----------- ⑤
The handover without PDCP entity relocation can be performed without security key change. For the case of inter-gNB handover or inter-CU handover, the PDCP entity should be relocated anyway, so the security key should be updated and the PDCP should be re-established. So it is reasonable to assume that handover without PDCP re-establishment an a key change can only be applied for intra-gNB or intra-CU handover. For intra-gNB or intra-CU handover, no inter-gNB or inter-CU signalling is required. So it should be clarified in the Stage 2 handover procedure that if handover without a security key change and PDCP re-establishment, no inter-gNB signalling needed.
Observation 5: It should be clarified in the Stage 2 handover procedure that if handover without a security key change and PDCP re-establishment, no inter-gNB signalling needed.
Based on the discussion above, we propose:

Proposal 1: Capture the stage2 QoS, beam and security related agreements in the Stage 2 inter-gNB handover procedure.
Proposal 2: Endorse the draft Text Proposal in Annex into 38.300.

3
Conclusion
To capture the QoS, beam and security related new features in the Stage 2 handover procedure is discussed in this contribution with the following observations and proposals:

Observations:

Observation 1: The three important new features introduced in NR, flow based QoS framework, beam related impacts, and the new security related properties, should be captured in the Stage2 handover procedure.
Observation 2: The QoS related agreements should be included in the Stage2 handover preparation steps.
Observation 3: The beam specific information of the target should be forwarded from the source to the target.
Observation 4: The Beam related agreements should be included in the Stage 2 measurement Control and Report, handover preparation, Admission control and UE synchronisation steps.
Observation 5: It should be clarified in the Stage 2 handover procedure that if handover without a security key change and PDCP re-establishment, no inter-gNB signalling needed.
Proposals:

Proposal 1: Capture the stage2 QoS, beam and security related agreements in the Stage 2 inter-gNB handover procedure.

Proposal 2: Endorse the draft Text Proposal in Annex into 38.300.
4
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Annex
The text proposal is based on the most updated 38.300 [1] to include the QoS, beam and security related agreements.
9.2.3.2
Handover

9.2.3.2.1
C-Plane Handling

The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:
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Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover

0.
The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1.
The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration. The source gNB may configure the UE to report beam information in the measurement report.
2.
The source gNB decides to handover the UE, based on MEASUREMENT REPORT and RRM information.

3.
The source gNB issues a HANDOVER REQUEST message to the target gNB passing necessary information to prepare the HO at the target side. The necessary information includes PDU session context including QoS flow information, QoS flow to DRB mapping etc. If beam information of the target cell is reported in the measurement report, the beam information can also be included.  

4.
Admission Control may be performed by the target gNB dependent on the received QoS flow information of each PDU session to increase the likelihood of a successful HO, if the resources can be granted by target gNB. The target gNB configures the required resources according to the received QoS flow information of each PDU session and reserves a C-RNTI and optionally contention-free random access resource(s). The target gNB can reserve the contention-free random access resource(s) associated to the beam(s) of the target cell if the beam information is received from the source gNB. The target gNB may use the same DRB configuration and QoS flow to DRB mapping as the source to ensure in-sequence delivery and avoid duplication.
5.
The target gNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB. 
6.
The target gNB generates the RRC message  to perform the handover. 
7.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.
Note: When the target gNB use the same DRB configuration and QoS flow to DRB mapping as the source gNB, the SN STATUS TRANSFER message is sent to ensure in-sequence delivery and avoid duplication.
8.
The UE synchronises to the target cell and completes the RRC handover procedure. If synchronising to the target cell via RACH, the UE follows a contention-free procedure if contention-free random access resource(s) are provided otherwise following a contention-based procedure. And if synchronising to a target cell with multiple beams via RACH, the UE first selects a suitable beam from all beams of the target cell, following a contention-free random access on the selected beam if contention-free random access resource(s) is provided on the beam, or otherwise following a contention-based procedure. 
9.
The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.
5GC switches the DL data path towards the target gNB
11.
The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

12.
By sending the UE CONTEXT RELEASE message, the target gNB informs the source gNB about the success of HO and triggers the release of resources by the source gNB. The target gNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the AMF. Upon reception of the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
Note. For the case of handover without a security key change and PDCP re-establishment, no inter-gNB signalling is needed.
More details to be added by RAN2 and RAN3 in coordination with SA2.
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