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Mobility and State Transitions

9.1
Overview

Load balancing is achieved in NR with handover, redirection mechanisms upon RRC release and through the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters.

Measurements to be performed by a UE for connected mode mobility are classified in at least four measurement types:
-
Intra-frequency NR measurements;

-
Inter-frequency NR measurements;

-
Inter-RAT measurements for E-UTRA. 
-
Inter-RAT measurements for UTRA.
For each measurement type one or several measurement objects can be defined (a measurement object defines e.g. the carrier frequency to be monitored).
For each measurement object one or several reporting configurations can be defined (a reporting configuration defines the reporting criteria). Three reporting criteria are used: event triggered reporting, periodic reporting and event triggered periodic reporting.

The association between a measurement object and a reporting configuration is created by a measurement identity (a measurement identity links together one measurement object and one reporting configuration of the same RAT). By using several measurement identities (one for each measurement object, reporting configuration pair) it is then possible to:

-
Associate several reporting configurations to one measurement object and;

-
Associate one reporting configuration to several measurement objects.

The measurements identity is used as well when reporting results of the measurements.

Measurement quantities are considered separately for each RAT.

Measurement commands are used by NG-RAN to order the UE to start, modify or stop measurements.

Handover can be performed within the same RAT and/or CN, or it can involve a change of the RAT and/or CN.

Inter system fallback towards E-UTRAN is performed when 5GC does not support emergency services, voice services, for load balancing etc. Depending on factors such as CN interface availability, network configuration and radio conditions, the fallback procedure results in either RRC_CONNECTED state mobility (handover procedure) or RRC_IDLE state mobility (redirection), see TS 23.501 [3] and TS 38.331 [12].
SRVCC from 5G to UTRAN, if supported by both the UE and the network, may be performed to handover a UE with an ongoing voice call from NG-RAN to UTRAN. The overall procedure is described in TS 23.216 [X]. See also TS 38.331 [12] and 38.413 [26].
In the NG-C signalling procedure, the AMF based on support for emergency services, voice service, any other services or for load balancing etc, may indicate the target CN type as EPC or 5GC to the gNB node. When the target CN type is received by gNB, the target CN type is also conveyed to the UE in RRCRelease Message.
Next change

9.3
Inter RAT

9.3.1
NR-E-UTRA mobility: Intra 5GC

9.3.1.1
Cell Reselection
Cell reselection is characterised by the following:

-
Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported;

-
Cell reselection from NR RRC_INACTIVE to E-UTRA RRC_IDLE is supported.

9.3.1.2
Handover

Inter RAT mobility is characterised by the following:

-
The Source RAT configures Target RAT measurement and reporting.

-
The source RAT decides on the preparation initiation and provides the necessary information to the target RAT in the format required by the target RAT:

-
For handover preparation from E-UTRA to NR, the source RAT issues a handover preparation request message to the target RAT passing a transparent RRC container with necessary information to prepare the handover at the target side. The information for the target RAT is the same type as specified in section 9.2.3.2.1 including the current QoS flow to DRB mapping applied to the UE and RRM configuration.

-
The details of RRM configuration are the same type as specified for NR in section 9.2.3.2.1 including beam measurement information for the listed cells if the measurements are available.

-
Radio resources are prepared in the target RAT before the handover.

-
The RRC reconfiguration message from the target RAT is delivered to the source RAT via a transparent container, and is passed to the UE by the source RAT in the handover command:

-
The inter-RAT handover command message carries the same type of information required to access the target cell as specified for NR baseline handover in section 9.2.3.2.1.

-
The in-sequence and lossless handover is supported for the handover between gNB and ng-eNB.

-
Both Xn and NG based inter-RAT handover between NG-RAN nodes is supported. Whether the handover is over Xn or CN is transparent to the UE.

-
In order to keep the SDAP and PDCP configurations for in-sequence and lossless inter-RAT handover, delta-configuration for the radio bearer configuration is used.

9.3.1.3
Measurements

Inter RAT measurements in NR for this use case are limited to E-UTRA.

9.3.2
NR-E-UTRA mobility: From 5GC to EPC

9.3.2.1
Cell Reselection

Cell reselection is characterised by the following:

-
Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported;

-
Cell reselection from NR RRC_INACTIVE to E-UTRA RRC_IDLE is supported.

9.3.2.2
Handover and redirection

The source NG-RAN node decides between handover or redirection to EPS based on radio criteria and availability of the N26 interface.

NOTE:
Information about the availability of the N26 interface may be configured by OAM at the NG-RAN.

Inter RAT handover is characterised by the following:

-
The Source RAT configures Target RAT measurement and reporting.

-
The source RAT decides on the preparation initiation and provides the necessary information to the target RAT in the format required by the target RAT.

-
Radio resources are prepared in the target RAT before the handover.

-
The RRC reconfiguration message from the target RAT is delivered to the source RAT via a transparent container, and is passed to the UE by the source RAT in the handover command.

-
In-sequence and lossless handovers are not supported.

-
A full configuration is required to reset the radio bearers.

-
Security procedures for handover to E-UTRA/EPC should follow legacy inter-RAT handover procedures.

9.3.2.3
Measurements

Inter RAT measurements in NR for this use case are limited to E-UTRA.

9.3.2.4
Data Forwarding for the Control Plane

Control plane handling for inter-System data forwarding from 5GS to EPS follows the following key principles:

-
PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-
At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB.
-
The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-
A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding.

9.3.2.5
Data Forwarding for the User Plane
User plane handling for inter-System data forwarding from 5GS to EPS follows the following key principles:

-
For the QoS flows accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s).
-
The UPF maps forwarded data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s) removing the QFI.

Handling of end marker packets:
The source NG-RAN node receives one or several end marker packets per PDU session from the UPF. When there are no more data packets to be forwarded for QoS flows mapped to an E-RAB, the source NG-RAN node sends one or several end markers including one QFI (by means of the PDU Session User Plane protocol TS 38.415 [30]) of those QoS flows mapped to that E-RAB and sends the end marker packets to the UPF over the PDU session tunnel. From the included QFI in the end markers and its mapping to an EPS bearer ID, the UPF knows which EPS bearer tunnel it needs to forward the end-markers to the SGW. The QFI is removed in the end marker packets sent to the SGW.
9.3.3
NR-E-UTRA mobility: From EPC to 5GC
9.3.3.1
Data Forwarding for the Control Plane

Control plane handling for inter-System data forwarding from EPS to 5GS follows the following key principles:

-
The target NG-RAN node receives in the Handover Request message the mapping between E-RAB ID(s) and QoS Flow ID(s). It decides whether to accept the data forwarding for E-RAB IDs proposed for forwarding within the Source NG-RAN Node to Target NG-RAN Node Transparent Container. It assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted forwarding.

-
The target NG-RAN node sends the Handover Request Acknowledge message in which it indicates the list of PDU sessions and QoS flows for which it has accepted the forwarding.

-
A single data forwarding tunnel is established between the UPF and the target NG-RAN node per PDU session for which at least data for a single QoS Flow is subject to data forwarding.
-
The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted data forwarding of corresponding PDU sessions and QoS flows.

9.3.3.2
Data Forwarding for the User Plane
User plane handling for inter-System data forwarding from EPS to 5GS follows the following key principles:

-
For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel.

-
The UPF maps the forwarded data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel, adding a QFI value (by means of the PDU Session User Plane protocol TS 38.415 [30]).

-
The target NG-RAN node maps a forwarded packet to the corresponding DRB based on the received QFI value. It prioritizes the forwarded packets over the fresh packets for those QoS flows.
Handling of end marker packets:

The UPF/PGW-U sends one or several end marker packets to the SGW per EPS bearer. The SGW forwards the received end markers per EPS bearer to the source eNB. When there are no more data packets to be forwarded for an E-RAB, the source eNB forwards the received end markers in the EPS bearer tunnel to the SGW and the SGW forwards them to the UPF. The UPF adds one QFI (by means of the PDU Session User Plane protocol TS 38.415 [30]) among the QoS flows mapped to that E-RAB to the end markers and sends those end markers to the target NG-RAN node in the per PDU session tunnel. When the target NG-RAN node receives an end marker with a QFI added, the target NG-RAN node starts to transmit the data packets of all QoS flows mapped to the corresponding E-RAB received from the core network towards the UE.

9.3.x
NR-UTRA mobility
9.3.x.1
Handover with SRVCC operation
The source NG-RAN node decides on to handover the UE from NG-RAN to UTRAN according the following principles:

-
The source NG-RAN configures target RAT measurement and reporting.

-
The source NG-RAN node determines based on the radio conditions and the indication that SRVCC operation is possible that handover to UTRAN should be initiated.
-
The source NG-RAN node initiates the preparation and provides the indication to AMF that the handover is towards UTRAN together with the target UTRAN Node ID. The SRVCC proceeds as specified in TS 23.216.
-
Radio resources are prepared in the target RAT before the handover.

-
The RRC reconfiguration message from the target RAT is delivered to the source NG-RAN via a transparent container, and is passed to the UE by the source NG-RAN in the handover command.

-
In-sequence and lossless handovers are not supported.

-
Only voice bearer is handed over to target RAT.
-
Security procedures for handover to UTRA follows the procedures as specified in [5].
9.3.x.2
Measurements

Inter RAT measurements are limited to E-UTRA and UTRA.
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