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Discussion and Decision
1      Introduction 
During last meeting, RAN2 has agreed that no optimization on handover will be discussed before basic handover mechanism for NR is stable. The details agreements are:
=>
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.

=>
We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution. Discussion of this can start when basic DC operation is more stable

=>
We will progress the basic HO mechanism for NR and when stable we can discuss whether to support conditional handover and discuss other potential optimisations.

This contribution summarize all the agreements from SI to last meeting on handover and discuss what is remaining issues are.
2      Discussion
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Figure 1: Basic handover in LTE

Base on agreement below in meeting #96: 

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

Base on the RAN2 agreement, basic handover in NR will have the same LTE handover signalling flow similar to Figure 1. Details of each step are as follow:
Step 1: A MEASUREMENT REPORT is triggered and sent to the gNB.
	RAN2 agreements
	Expected signalling impact and UE/gNB operation

	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)
	N best beams should be included in the measurement report if network configured

	97bis: In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
	Cell quality of RSRP/ RSRQ should be included in the measurement report if configured by the network

	97bis: UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block.
	SS block identifier should be included in the measurement report if event is triggered by SS block and configured by the network


Detail discussion such as how to combine multiple beams for cell level quality and what information (e.g. SS block ID, cell level quality, beams level information, etc) to be included in the measurement reporting will be in the RRM session.
Step 2: The source gNB issues a HANDOVER REQUEST message to the target gNB passing necessary information to prepare the HO at the target side.
	RAN2 agreements
	Expected signalling impact and UE/gNB operation

	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)
	In case of inter-gNB handover, security key is required to be updated, then it is reasonable to re-establish PDCP. Therefore, RRC involved handover without PDCP entity re-establishment should only be applied for intra-gNB handover. If it is agreed that only intra-gNB handover can be applied without PDCP entity re-establishment, then both source cell and target cell are belong to the same gNB, no inter-gNB signalling is needed. Target cell can generate the without PDCP re-establishment indication in the transparent container and hence proposal 1 below. 

	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.
	Source gNB needs to include DRB configuration and QoS flow to DRB mapping of the source gNB to support lossless HO 


Proposal 1: RRC involved handover without PDCP entity re-establishment should only be applied for intra-gNB handover
Regarding the information provided by the source gNB, LTE can be baseline, which means that the following parameters should be included in the HO request message:

· UE Xn signalling context reference at source gNB (RAN3 issue)
· NG-C and NG-U signalling context reference (RAN3 issue)
· target cell ID

· security key for the target cell
· layer 1 and 2 UE ID in the source gNB, FFS on layer 3 UE ID
· AS-configuration 
· 5G QoS flow related information
· re-establishment integrity check sum for RLF recovery
· UE Xn, NG-C, NG-U signalling references enable the target gNB to address the source gNB and the EPC (RAN3 issue)
· The E-RAB context includes necessary RNL and TNL addressing information, and QoS profiles of the E-RABs. (RAN3 issue)
Proposal 2: Target cell ID, target cell key, layer 1 and 2 UE ID in the source gNB, AS-configuration, 5G QoS flow related information, re-establishment integrity check sum for RLF recovery should be included in the HO request message

Step 3: The target gNB prepares HO 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.
	RAN2 agreements
	Expected signalling impact and UE/gNB operation

	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)
	PDCP re-establishment indication should be included in the transparent container and hence proposal 3 below

	97bis: HO with full configuration shall be supported
	Full configuration indication may be included in the transparent container and hence proposal 3 below

	96: At least cell id and all information required to access the target cell will be included in the HO command.
	Target cell ID should be included in the transparent container 

	96: For at least some cases information required for contention based and contention free access can be included in the HO command
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).

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.
UE selects a suitable beam from all beams of the target cell.

UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.
	RACH configuration including contention based and contention free should be included in the transparent container.

· Contention free: dedicated preamble, RACH configuration associated to the beams of target cell 

· Contention based: RACH configuration including preamble and other RACH parameters

Detail on dedicated RACH will be provided in contribution [2]. In general, it will be useful to allow the network to configure RACH configuration and additional RACH configuration to reduce the interruption time. Therefore, RACH configuration is proposed in proposal 4 


Proposal 3: PDCP re-establishment indication and full configuration indication should be included in the HO command

Proposal 4: Dedicated RACH configuration may include subset of beams, preamble, time/ frequency resource of the regular RACH and additional RACH resource
Other parameters should be included in the HO command:

· new UE ID for target cell
· target gNB security algorithm identifiers for the selected security algorithms (optional subject to SA3)
· target cell beams candidate set: the initial beam candidate set configuration may allow the UE to immediately perform beam management with target without additional measurement or beam pairing. It may be beneficial to reduce interruption time (speed up the process of camping on the target cell) during handover. 
Proposal 5: HO command may include new C-RNTI, target security algorithm identifiers and target cell candidate set of beams

Step 4: 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. 

Step 5: After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , UE performs synchronisation to target gNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInformation, or following a contention-based procedure if no dedicated preamble was indicated. UE derives target gNB specific keys and configures the selected security algorithms to be used in the target cell.
Step 6: The target gNB responds with UL allocation and timing advance.
Step 7: When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, whenever possible, to the target gNB 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.
	RAN2 agreements
	Expected signalling impact and UE/gNB operation

	96: RRC involved handover with at least MAC entity reset is supported.
	Reset MAC

	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)
	Reset PDCP if configured in HO command


3      Conclusion
In this document, we discussed the expected signalling impact and UE/gNB operation for the baseline handover procedure. Based on the discussion, we propose the following points.  
Proposal 1: RRC involved handover without PDCP entity re-establishment should only be applied for intra-gNB handover
Proposal 2: Target cell ID, target cell key, layer 1 and 2 UE ID in the source gNB, AS-configuration, 5G QoS flow related information, re-establishment integrity check sum for RLF recovery should be included in the HO request message

Proposal 3: PDCP re-establishment indication and full configuration indication should be included in the HO command

Proposal 4: Dedicated RACH configuration may include subset of beams, preamble, time/ frequency resource of the regular RACH and additional RACH resource
Proposal 5: HO command may include new C-RNTI, target security algorithm identifiers and target cell candidate set of beams
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