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1 Introduction
RAN2 #99 meeting has achieved the following agreements:
Agreements relating to information carried between source and target node:

1: NR RRC specifications define a transparent RRC container (like the HandoverPreparationInformation message in LTE) to be transmitted from the source gNB to the target gNB as part of the Xn Handover Request message.

2.1
As in LTE, the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB includes the UE capabilities for different RATs

2.2
As in LTE, the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB can include the AS configuration, the RRM configuration and the AS context (including information necessary to handle handover failures). The details of the content of each IE are FFS.

3.1: The AS configuration includes the measurement configuration and radio resource configurations, UE identifier in the source, at least Antenna Info and DL Carrier Frequency.

FFS Whether the AS configuration includes the QoS flow to DRB mapping that was not configured to the UE via RRC signalling.
FFS Need to provide the system information from source equivalent to LTE’s MIB, SIB-1 and SIB-2 (some checking of use of this in LTE to be done)
4.1: The RRM configuration can include at least the inactive time.

4.2: As in LTE, to support CA case, the RRM configuration can include the list of best cells on each frequency for which measurement information is available.

5
Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. beam indexes and optionally measurement results) have been configured by the source gNodeB to be reported by a UE. That information is not a mandatory part of the HandoverPreparationInformation message

FFS For which cell(s) beam measurement information can be included e.g. only candidate target cell.
6
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SS Block(s) and CSI-RS(s) for the reported cell (or cells depending on outcome of FFS above) if both types of measurements are available.
Agreements relating to content of handover command in RRC:
1
The NR RRC specifications define a transparent RRC container (like the Handover Command message in LTE) to be transmitted from the target gNB to the source gNB as part of the Xn Handover Request Acknowledgement message.

2
As in LTE, the handover command should be entirely generated by the target gNB.

FFS: Where there could be exceptions for that (e.g for MBB enhancement similar to that in LTE, if supported).

3
The mobilityControlInfo can contain at least the target physical cell identifier (or equivalent defined by RAN1), the carrier frequency, the T304 like timer and the new UE identifier (C-RNTI type of identifier).

4
RAN2 understanding is that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s).

5
RAN2 understanding is that the network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell.

FFS: The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.
6
The target gNB is able to include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH configuration, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. (List of options to be revised if common RACH is concluded to be optional based on above FFS.)


(Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported.)

FFS Whether there will be a fallback procedure using common RACH when dedicated RACH fails.

Last meeting has agreed that the HandoverPreparationInformation to be transmitted from the source gNB to the target gNB can include the AS configuration, the RRM configuration and the AS context (including information necessary to handle handover failures) as in LTE. The details of the content of each IE are FFS. Meanwhile, last meeting has agreed part of the contents which should be included in the handover command and some are FFS. In this paper, we will further discuss the detailed information to be carried over Xn for basic handover and the detailed information to be included in handover command.
2 Discussion
2.1 Handover Request

2.1.1  AS configuration

Last meeting has agreed that AS configuration includes the measurement configuration and radio resource configurations, UE identifier in the source, Antenna Info and DL Carrier Frequency. It is FFS that whether the AS configuration includes the QoS flow to DRB mapping that was not configured to the UE via RRC signalling and whether the AS configuration includes the system information from source equivalent to LTE’s MIB, SIB1 and SIB2. In addition, we are waiting for the confirmation from RAN1 whether Antenna Info and/or DL Carrier Frequency are required to be included in the AS Configuration as in LTE.
During the handover preparation, the target gNB may use the DRB configuration and the QoS flow to DRB mapping as the source gNB. Hence the QoS flow to DRB mapping relationship either configured by explicit RRC signalling or reflective mapping should be sent to the target gNB. In NR, the AS Configuration in the HANDOVER REQUEST message can include the QoS flow to DRB mapping. If the AS Configuration only includes the RRC configured mapping while the reflective mapping is applied to the UE in the source cell, thus the UL QoS flow to DRB mapping received by the target gNB in AS-Config would not match the one applied in the UE [1]. Last meeting [2] has agreed that ‘The source gNB should transfer the current QoS flow to DRB mapping applied in the UE to the target gNB during handover procedure’, i.e. the AS configuration should include the current QoS flow to DRB mapping applied in the UE, which is either configured by explicit RRC signalling or reflective mapping.
Proposal 1: The current QoS flow to DRB mapping applied in the UE should be configured by either explicit RRC signalling or reflective mapping, and included in the AS configuration.
As described in [3], the SDAP protocol layer above PDCP is integral part of NR protocol stack. For baseline HO procedure, the AS-configuration should include the SDAP configuration for the target gNB to generate the delta configuration for UE, and the target gNB can further use these configurations, e.g., QoS flow to DRB mapping/remapping, ROHC operation considering the SDAP header presence information, etc. The SDAP configuration contains default DRB id, PDU session id, and SDAP header presence configuration of DRBs besides QoS flow to DRB mapping.
Proposal 2: The AS configuration should include the SDAP configurations.
In LTE, MIB, SIB1and SIB2 from the source cell included in the AS Configuration can be used for delta configuration, therefore, signalling overhead can be reduced. Following basic handover principle in LTE, the AS configuration should include the system information from the source cell equivalent to LTE’s MIB, SIB1 and SIB2. In addition, the AS configuration should include antenna info and source DL Carrier Frequency as in LTE.
Proposal 3: The AS configuration should include the system information from the source cell equivalent to LTE’s MIB, SIB1 and SIB2.
On-demand SI is a new feature introduced in NR, but it appears debatable to include on-demand SI in HandoverPreparationInformation for basic handover. In connected mode, UE normally should already have all the SI information it needed at the serving cell. It is not very clear the use case for RRC connected UEs. Furthermore, when the UE enters the target cell, it may not need the on-demand SI although it requests this in the source cell. For the Handover process itself, necessary target cell SI is already provided to the UE via dedicated signalling. Therefore, including on-demand SI in the Handover Request message and handover command would cause signalling overhead without clear benefit.
2.1.2  RRM configuration

Last meeting has agreed that the RRM configuration can include the list of best cells on each frequency for which measurement information is available in case CA is supported in the system as in LTE. Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. beam indexes and optionally measurement results) have been configured by the source gNB to be reported by a UE. To minimize signalling overhead, beam measurement information of only target cell should be included. Furthermore, since it is up to network implementation and the gNB can configure measurements on CSI-RS(s) and SS block(s), the source gNB can include both beam measurement information associated to SS block(s) and CSI-RS(s) in the same Handover Request for the target cell if both types of measurements are available.
Proposal 4: The source gNB can include both beam measurement information associated to SS block(s) and CSI-RS(s) of the target cell in Handover Request message if both types of measurements are available.
2.1.3  AS context

In LTE, the ReestablishmentInfo included in the HandoverPreparationInformation message contains the information needed for RRC connection re-establishment, i.e. PCI of the source cell, short MAC-I for the handover target cell and a list of short MAC-I and KeNB* for cells under control of the target eNB.

In NR, handover failure or RLF may occur more frequently in HF scenarios, the UE need to perform RRC connection re-establishment to recover data transmission. If handover is failed due to unsuccessful transmission of handover command, the UE may prioritize the target cell for re-establishment, but it may also select another cell which is of good link quality to perform RRC connection re-establishment procedure other than the target cell. It is possible that the target cell and the other cells under control of the target gNB are of same priority. If handover failure occurs due to random access failure towards the target cell, the UE may not select the target cell for re-establishment since the link quality is proven bad. Since re-establishment procedure impacts data transmission, it’s not the best choice to perform context fetch since it may introduce more interruption. 
To ensure fast data transmission recovery and reduce interruption, the target gNB should be informed of the multiple keys corresponding to multiple cells under control of the target gNB, then the target gNB can use the corresponding key to communicate with the UE based on the cell identity of the re-establishment cell indicated in the RRC Connection Reestablishment Request message. In this way, the UE and the target gNB can use the same key for data transmission.
Proposal 5: The AS context can include the ReestablishmentInfo IE, i.e. a list of short MAC-I and KgNB* for cells under control of the target gNB, for fast and successful RRC connection re-establishment.
2.2 Handover command

After receiving the Handover Request message, the target gNB prepares handover with L1/L2 and sends the Handover Request ACK to the source gNB. It’s the target gNB that finally determines and generates the handover command even though the source gNB may provide something that can be included in the RRC container, e.g. MBB case in R14 eMob. In general, handover command is generated by the target gNB as in LTE.
In LTE, MIB, SIB1and SIB2 from the source cell should be included in the Handover Request message, after the target gNB receives the source cell system information, it can configure the target L1/L2 parameters by delta configuration based on the radio resource configuration of the source cell and the target cell. As in LTE, handover command can include L1/L2 parameters by delta configuration.
Proposal 6: In NR, handover command can include L1/L2 parameters by delta configuration.
3 Conclusion

This contribution discusses the detailed information to be carried over Xn for basic handover and the information to be included in the handover command. We have the following proposals:
Proposal 1: The current QoS flow to DRB mapping applied in the UE should be configured by either explicit RRC signalling or reflective mapping, and included in the AS configuration.
Proposal 2: The AS configuration should include the SDAP configurations.
Proposal 3: The AS configuration should include the system information from the source cell equivalent to LTE’s MIB, SIB1 and SIB2.
Proposal 4: The source gNB can include both beam measurement information associated to SS block(s) and CSI-RS(s) of the target cell in Handover Request message if both types of measurements are available.
Proposal 5: The AS context can include the ReestablishmentInfo IE, i.e. a list of short MAC-I and KgNB* for cells under control of the target gNB, for fast and successful RRC connection re-establishment.
Proposal 6: In NR, handover command can include L1/L2 parameters by delta configuration.

4 Text Proposal to 38.300
· 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.

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 a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, RRM-configuration including UE inactive time, the UE capabilities for different RATs, basic AS-configuration including the C-RNTI of the UE in the source gNB, antenna Info, DL Carrier Frequency (subject to RAN1 feedback), the current QoS flow to DRB mapping applied in the UE, SDAP configuration and the system information from the source gNB, and can include the UE reported measurement information including beam measurement information associated to SS block(s) and CSI-RS(s) of the target cell if both types of measurements are available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available.

NR TBD SI blocks to be included in the text.
4.
Admission Control may be performed by the target gNB.

5.
The target gNB prepares the handover with L1/L2 and 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.

FFS if there could be exceptions where the Handover Command is entirely generated by the target gNB (e.g any enhancements similar to MBB enhancement in LTE, if supported).

6.
The source gNB triggers the Uu handover and sends the Handover Command message to the UE. The Handover Command message carries the information required to access the target cell, which includes at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms, can include a set of dedicated RACH resources, the association between RACH resources and SS blocks, the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and target gNB SIBs, etc.

7.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.

8.
The UE synchronises to the target cell and completes the RRC handover 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 handover 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.



The common RACH configuration for beams in the target cell is only associated to the SS Block(s). The network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:

i)
Common RACH configuration;

ii)
Common RACH configuration + Dedicated RACH configuration associated with SS-Block;

iii)
Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.

Dedicated RACH resources (if provided) where the beam RSRP measurement of the associated NR-SS or CSI-RS is above a threshold are prioritized by the UE for access. A NR-SS threshold and a CSI-RS threshold are configured in the handover command. The UE shall not switch to contention-based RACH resources as long as the RSRP of one beam with dedicated resources is met the threshold. The order to access the dedicated RACH resources is up to UE implementation.
More details to be added by RAN2 and RAN3 in coordination with SA2.
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