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[bookmark: _Ref471484523][bookmark: OLE_LINK954][bookmark: OLE_LINK953]Introduction

[bookmark: OLE_LINK164][bookmark: OLE_LINK163]In RAN2 #99, the following has been agreed concerning basic handover (HO) in NR:

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
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK175]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.
[bookmark: OLE_LINK170][bookmark: OLE_LINK171]FFS Whether the AS configuration includes the QoS flow to DRB mapping that was not configured to the UE via RRC signalling.
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]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.
[bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK195]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.
[bookmark: OLE_LINK198][bookmark: OLE_LINK199]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.
[bookmark: OLE_LINK200][bookmark: OLE_LINK201]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.

Moreover, it has been agreed that the RRM configuration that is sent as part of handover (HO) request message from the source gNB to the target gNB can include, if available, the beam measurement reports (both associated to SS Blocks and CSI-RS) from the UE. In this contribution, we will discuss the FFS on whose cells the beam measurements information should be included in RRM configuration.

[bookmark: _Ref477972447]Discussion
According to TS 38.300, in case of carrier aggregation (CA) the RRM configuration can include the list of best cells on each frequency if the measurement information for that frequency is available, see TS 38.300 [1]. Although this information can be used for secondary cell (SCell) HO in the case of CA, we believe that the target cell would benefit from beam measurement knowledge regardless of CA. This is further, re-enforced by the agreement from RAN2#101 in Athens:

Agreements
1: The beam measurement information is provided in the HandoverPreparationInformation following the same principles as beam measurement information in the SCG change case.
FFS The number of cells for which this information is provided.
2: AS configuration can include the minimum system information from source.

Observation 1	It has already been agreed to include beam measurement information in HandoverPreparationInformation along the same principles of SCG change case.

The CandidateCellInfoList list is provided in HandoverPreparationInformation and CGConfigInfo.  The contents of the IE are given below from RRC specification [4];
–	CandidateCellInfoList
The CandidateCellInfoList IE contains information regarding cells that the source suggests the target gNB to consider configuring.
CandidateCellInfoList information element
-- ASN1START
-- TAG-CANDIDATE-CELL-INFO-LIST-START

CandidateCellInfoList ::=	SEQUENCE (SIZE (1.. maxNrofSCells)) OF CandidateCellInfo

CandidateCellInfo ::=			SEQUENCE {
	cellIdentification				SEQUENCE {
		physCellId						PhysCellId,
		dl-CarrierFreq					ARFCN-ValueNR
	},
	measResultCell					MeasQuantityResults											OPTIONAL,
	candidateRS-IndexListSSB		CandidateRS-IndexInfoListSSB								OPTIONAL,
	candidateRS-IndexListCSI-RS		CandidateRS-IndexInfoListCSI-RS								OPTIONAL,
	...
}

CandidateRS-IndexInfoListSSB ::=	SEQUENCE (SIZE (1..maxNrofIndexesToReport)) OF CandidateRS-IndexInfoSSB

CandidateRS-IndexInfoSSB ::=	SEQUENCE {
	ssb-Index						SSB-Index,
	measResultSSB					MeasQuantityResults											OPTIONAL,
	...
}

CandidateRS-IndexInfoListCSI-RS ::=	SEQUENCE (SIZE (1..maxNrofIndexesToReport)) OF CandidateRS-IndexInfoCSI-RS

CandidateRS-IndexInfoCSI-RS ::=		SEQUENCE {
	csi-RS-Index							CSI-RS-Index,
	measResultCSI-RS						MeasQuantityResults									OPTIONAL,
	...
}

-- TAG-CANDIDATE-CELL-INFO-LIST-STOP
-- ASN1STOP

In this IE, the cell level measurements (measResultCell) are reported and also the SSB based (candidateRS-IndexListSSB	) and/or CSI-RS based (candidateRS-IndexListCSI-RS) beam measurements are included. The source cell could include up-to maxNrofSCells cells for which both the cell level and beam level measurements are included. For the SCG-change related EN-DC functionality, having the SCells related cell measurement inclusion is useful in SCG change procedures. However, in the case of standalone deployments, this maximum limit could be different. The maximum number of cells included for reconfigurationWIthSync (handover) in a stand-alone deployment could be limited by the sum of;
1) Twice that of the maximum number of SCells (maxNrofSCells) that can be configured. The reason for having ‘twice’ as much is to consider both the SCell itself and the best neighbour cell in those SCell related frequencies.  
2) The maximum number of intra-frequency cells (maxNrofCellMeas) that can be included in the measurement report. 
Proposal 1	Maximum number of cells included in the CandidateCellInfoList list field of HandoverPreparationInformation is (2*maxNrofSCells + maxNrofCellMeas).
We have also provided a text proposal in the Annex that captures this proposal.
Proposal 2	RAN2 to agree on text proposal in Annex.

Conclusion
In section 2, we make the following observation:
Observation 1	It has already been agreed to include beam measurement information in HandoverPreparationInformation along the same principles of SCG change case.

Based on the discussion in section 2 we propose the following: 
[bookmark: _In-sequence_SDU_delivery]Proposal 1	Maximum number of cells included in the CandidateCellInfoList list field of HandoverPreparationInformation is (2*maxNrofSCells + maxNrofCellMeas).
Proposal 2	RAN2 to agree on text proposal in Annex.
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Annex: Text Proposal to 38.300
[bookmark: _Toc502484377]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:
· 

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*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping applied to the UE, the minimum system information from source gNB, the UE capabilities for different RATs, and can include the UE reported measurement information including beam-related information if available.
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.
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 cell 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 RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SS Block(s) and CSI-RS(s) for the reported target cell (or cells FFS), configured SCells, best neighbour cell in the SCell frequencies and a list of other candidate cells, 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. And the RRM measurement information can also include the beam measurement for the listed cells that belong to the target gNB.
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.
The UE continues to use the common RACH configuration of the source cell unless it is signaled in the Handover Command Message.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
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