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1 Introduction
RAN2#96 meeting has agreed the following agreements but has not further discussed the basic HO mechanism.
Agreements

1: NR shall support HO as part of the NR mobility procedures.

2: Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:

-
Source gNB initiates the HO over the Xn interface via a HO request

-
Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement

-
Source gNB provides the configuration to the UE including the HO command via RRC

-
The UE moves the connection to the target gNB via RRC

Further enhancements/modifications can be considered

RAN2#97bis has agreed that We will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations to target close to 0ms or 0ms interruption.

In this paper, we will further discuss the basic handover procedure for inter gNB in NR. This is a revision of R2-1704840 [1].
2 Discussion
It has been agreed that network based mobility shall reuse the same principles as LTE (Rel-13), and in TS38.300, the inter-gNB handover procedure is shown as the following figure. 
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Comparing with the handover procedure in LTE stage 2 spec, this flow is too simple. Since in NR multiple beam and QoS flow frame have been agreed, it is beneficial to capture the basic procedure more concrete in NR stage 2 specification, then optimizations on handover interruption and handover reliability can be further discussed based on the basic procedure. As illustrated in Figure 1 below, we think the basic handover procedure comprises the following several steps:
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Figure1. Basic inter-gNB handover procedure
Proposal 1: Capture the basic inter-gNB handover procedure as shown in Figure 1 inTS38.300.
Like LTE, the basic inter-gNB HO procedure in NR also includes three phases: HO preparation, HO execution and HO completion.
· Handover Preparation
In HO preparation, the source gNB issues a HANDOVER REQUEST message to the target gNB passing necessary information to prepare the HO at the target side. According to TS36.300, these information includes UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB context and physical layer ID of the source cell + short MAC-I for possible RLF recover. In NR, from RAN2 perspective, at least target cell ID, KgNB*, RRC context including the C-RNTI of the UE in the source gNB and AS-configuration should be included. Other information included in legacy LTE depends on RAN3 discussion. 
Proposal 2: In handover preparation, the source gNB provides necessary information to the target gNB, and the necessary information includes target cell ID, KgNB*, RRC context including the C-RNTI of the UE in the source gNB and AS-configuration.
In multi-beam deployments, SS block and/or CSI-RS can be used for neighbour cell measurement for L3 mobility. SS block identifier or CSI-RS identifier can be included in the measurement report when the corresponding event is triggered. To make the target cell configure appropriate RACH resources, the identifiers of the beams which were previously reported by the UE should be included in HANDOVER REQUEST message, and the target gNB can determine for which SS block/CSI-RS to provide dedicated RACH resources or not based on the beam related information included in the HANDOVER REQUEST message.
Proposal 3: Identifiers of the beams which were previously reported by the UE should be included in HANDOVER REQUEST message.
In NR, reflective QoS is discussed [2]. RAN needs to be aware of the reflective QoS type for QoS flow id attachment and reflective QoS type for QoS flow to DRB mapping. The source gNB shall inform the target gNB the reflective QoS type of QoS flows via HANDOVER REQUEST message.
With the information included in the HANDOVER REQUEST message, the target gNB performs admission control and configures RACH resources, i.e. SS block specific RACH resources and/or CSI-RS specific RACH resources. The target gNB sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover. In LTE the content includes a new C-RNTI, target eNB security algorithm identifiers for the selected security algorithms, possibly a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, SIBs, etc. Generally, the information can also be applicable for NR. In NR, minimum SI should be included in the container to speed up the access to the target cell without reading system information. Moreover, beam related aspects should also be considered.
· Handover execution
The target gNB generates the RRC message to perform the handover, i.e. RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source gNB towards the UE. The source gNB performs the necessary integrity protection and ciphering of the message.
In LTE, the UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) which is commanded by the source eNB to perform the HO. These parameters are also applicable for NR. As the UE shouldn’t need to read minimum SI (e.g. rach-ConfigCommon, pcch-Config, bcch-Config and etc.) of the target cell to access the target cell, minimum SI should be included in HO command. 
Proposal 4: The handover command includes some necessary parameters (i.e. new C-RNTI, target gNB security algorithm identifiers, minimum SI, and optionally dedicated RACH preamble, target gNB SIBs etc.).
To speed up handover, contention-free random access should be supported as LTE where dedicated preamble and pre-allocated periodic RACH resources are included in HO command. Since the pre-allocated is not scheduled in every TTI, the UE may have to wait for the next available RACH resources and it would lead to delay on RACH procedure. To speed up access the target cell, dedicated RACH resources which occur more frequently than RACH resources indicated in SI for other purposes except handover, can be assigned in HO command. Therefore once the UE is obtained the DL synchronization, the UE can immediately send the dedicated preamble via dedicated RACH resources.

Proposal 5: To speed up access the target cell, the handover command can include dedicated RACH preamble and dedicated RACH resources.
Since SS block is transmitted via a wide beam, if the UE uses the SS block specific RACH configuration(s) to access the target cell, beam refinement needs to be performed after accessing the target cell in order to obtain the narrow beam for the subsequent data transmission between the UE and the target cell, which introduces more latency and signalling overhead. To avoid additional latency and signalling overhead, beam refinement can be performed before accessing the target cell. The network can use a narrow beam for CSI-RS transmission and associate the RACH configuration(s) with the CSI-RS configuration(s). Then the UE can use cell-specific RACH T/F resources and/or preamble indices associated with CSI-RS configuration(s) to access the target cell. In this case, the handover command can include the association between RACH configuration(s) and CSI-RS configuration(s).
Proposal 6: Besides association between RACH configuration(s) and SS block, association between RACH configuration(s) and CSI-RS configuration(s) can also be included in the handover command to speed up data transmission in target cell.
As in LTE, the source gNB sends the SN STATUS TRANSFER message to the target gNB when the source cell stops data transmission with the UE. The detailed mechanism may be different from that in LTE as described in [3]. In addition, when to perform data forwarding is left to network implementation as in LTE.
After receiving HO command, the UE performs synchronisation to the target gNB and accesses the target cell via RACH, following a contention-free RACH procedure or contention-based RACH procedure. To avoid scanning all the beams in the target cell, the UE can save and keep tracking the DL timing of the beams which were previously reported in the measurement report and then could directly execute synchronization.
In RAN2#97bis, it has been agreed that “UE selects a suitable beam from all beams of the target cell, and UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam”. During handover the UE should select suitable beam to perform RACH procedure based on the same principle as in the general RACH procedure [4]. Suitable beam can be defined by the network with a quality threshold that may be same as the threshold configured for best beam determination in cell quality derivation or not, and the configured threshold for SS block and CSI-RS may be different. When multiple suitable beams exist, the UE selects the beam exceeding the threshold and configured with RACH configuration(s) (i.e. preamble indices and RACH T/F resources) for preamble transmission.
Proposal 7: Suitable beam can be defined by the network with a quality threshold that may be same as the threshold configured for best beam determination in cell quality derivation or not, and the quality threshold can be included in the handover command.
Proposal 8: During handover, the UE selects the beam exceeding the threshold and configured with RACH configuration(s) to access the target cell.
Since association between the RACH configuration(s) and the DL Tx beam may be included in the handover command, the target gNB can determine the DL Tx beam for RAR based on the used resources and/or received preamble. Besides TA value included in RAR, available or best UL beam can also be indicated in UL grant.
· Handover completion
In NR, when the UE has successfully accessed the target cell, it sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, whenever possible, to the target eNB to indicate that the handover procedure is completed for the UE. The target gNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target gNB can now begin sending data to the UE.
By sending the UE CONTEXT RELEASE message, the target gNB informs success of HO to the source gNB and triggers the release of resources by the source gNB.
In LTE, there is a timer to control handover procedure so timer based handover failure procedure is considered. NR should also support timer based handover failure procedure. And RRC connection re-establishment procedure should be used for recovering handover failure like LTE.
Proposal 9: Timer based handover failure procedure like LTE should be supported in NR.
Proposal 10: RRC connection re-establishment procedure should be used for recovering handover failure.
The text proposal is provided in annex to cover the basic handover procedure for inter gNB in NR, and we propose to capture it into TS38.300.
Proposal 11: Capture the text proposal in annex into TS38.300.
Stage2 spec just captures the general handover procedure, and the further details shall be captured in stage3. 
Proposal 12: RAN2 shall further discuss details of handover procedure in stage3.

When the basic handover mechanism for NR is progressed and stable, we can further discuss potential optimisations for handover, e.g. enhancements on data transmission interruption and enhancements on reliability.
3 Conclusion

This contribution discusses the basic handover procedure for inter gNB in NR and suggests:
Proposal 1: Capture the basic inter-gNB handover procedure as shown in Figure 1 in TS38.300.
Proposal 2: In handover preparation, the source gNB provides necessary information to the target gNB, and the necessary information includes target cell ID, KgNB*, RRC context including the C-RNTI of the UE in the source gNB and AS-configuration.
Proposal 3: Identifiers of the beams which were previously reported by the UE should be included in HANDOVER REQUEST message.
Proposal 4: The handover command includes some necessary parameters (i.e. new C-RNTI, target gNB security algorithm identifiers, minimum SI, and optionally dedicated RACH preamble, target gNB SIBs etc.).
Proposal 5: To speed up access the target cell, the handover command can include dedicated RACH preamble and dedicated RACH resources.

Proposal 6: Besides association between RACH configuration(s) and SS block, association between RACH configuration(s) and CSI-RS configuration(s) can also be included in the handover command to speed up data transmission in target cell.

Proposal 7: Suitable beam can be defined by the network with a quality threshold that may be same as the threshold configured for best beam determination in cell quality derivation or not, and the quality threshold can be included in the handover command.
Proposal 8: During handover, the UE selects the beam exceeding the threshold and configured with RACH configuration(s) to access the target cell.
Proposal 9: Timer based handover failure procedure like LTE should be supported in NR.
Proposal 10: RRC connection re-establishment procedure should be used for recovering handover failure.
Proposal 11: Capture the text proposal in annex into TS38.300.
Proposal 12: RAN2 shall further discuss details of handover procedure in stage3.
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Annex

Text proposal for TS38.300:
9.2.3
Mobility in RRC_CONNECTED
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.

Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. Handover signalling procedures adopt the same principle as Rel-13 E-UTRAN as specified in TS 36.300 [2]. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 10.2.3-1:
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Figure 9.2.3-1: Inter-gNB handover procedures

1.
The source gNB initiates handover and issues a Handover Request over the Xn interface. The Handover Request message passes necessary information to the target gNB to prepare the HO at the target side. The information includes at least target cell ID, KgNB*, RRC context including the C-RNTI of the UE in the source gNB, AS-configuration should be included. In addition, the beam related information and Qos flow related information can be included.
2.
The target gNB performs admission control and sends the Handover Request ACK message to the source gNB. The Handover Request ACK message includes a transparent container to be sent to the UE as an RRC message to perform the handover. The content includes a new C-RNTI, target gNB security algorithm identifiers for the selected security algorithms and minimum SI, and possibly some other parameters i.e. dedicated RACH preamble(s), SIBs, beam related information, etc.
3.
The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. The information includes new C-RNTI, target gNB security algorithm identifiers, minimum SI, and optionally dedicated RACH preamble(s), target gNB SIBs, beam related information, etc. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.
4.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.
5.
After receiving Handover Command, the UE performs synchronisation to the target gNB and accesses the target cell via RACH, following a contention-free RACH procedure if dedicated RACH preamble(s) were indicated in the handover command, or following a contention-based procedure if no dedicated RACH preamble(s) were indicated. 
6.
The target gNB responds with UL allocation and timing advance.
7.
When the UE has successfully accessed the target cell, the UE sends the Handover Complete message to confirm handover completion.
8.
By sending the UE Context Release message, the target gNB informs success of handover to source gNB and triggers the release of resources by the source gNB.
Exact message name FFS. Further enhancements and modifications can be considered.

The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.

Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration and QoS flow to DRB mapping as the source gNB. 
FFS whether QoS flow can be remapped at handover and, if supported, whether the handover is lossless in this case.

Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.

FFS whether there may be cases for which intra-cell mobility needs to be handled by RRC.
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