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Discussion and decision
1 Introduction

This paper includes an assessment of the changes needed to TS 38.331 to support a baseline handover, also outlining the main remaining issues still to be concluded. The paper not only covers the actual reconfiguration procedure (with sync and key refresh), but also RRM measurements and inter-node signalling aspects.
An annex of the paper includes a TP illustrating the corresponding changes to TS 38.331.

2 Discussion

General
In this paper we investigate any changes that may be needed to introduce support for a basic handover procedure in TS 38.331. This investigation covers the following areas:
A. Reconfiguration with HO specific elements (alike LTE’s MCI)

B. RRM measurement configuration and the corresponding measurement reporting

C. Internode signalling i.e. HandoverPreparationInfo, HandoverCommand INMs, Xn signalling

HO procedure i.e. MCG reconfiguration with sync and key refresh

Change of PCell, possibly including change of MN, involves a number of key aspects:

a) Security refresh i.e. change of KgNB/ M-KgNB

b) MCG reconfiguration with sync, including SI provision and RA, also taking BWP aspects into account

c) Release and addition of the SPCell/ of the masterCellGroup

Each of the key elements is discussed in further detail below, noting we focus on change of PCell (and or MN for the non-DC case)
Security refresh
Upon handover, the UE refreshes the security key based on some parameters signalled to the UE specifically for this purpose. In this section we discuss the signalling to be introduced in NR for security refresh upon HO.

· We assume the same options should be supported as upon HO within LTE i.e. that network can signal for:

· MCG: keyChangeIndicator (requesting UE to derving KeNB from outstanding KASME) and nextHopChainingCount (requesting UE to derving KeNB from NH based on currently used KASME) 

· SCG: If DC is configured, upon HO both MCG and SCG security needs to be refreshed also. I.e. UE also needs to be provided with an scg-Counter (in LTE this counter is signalled by MN to UE, while S-KeNb is provided to SN by X2)

· Some discussion seems useful regarding how to signal this information. When deciding, it seems good to take into account NR DC also i.e. to place security refresh parameters for both cell groups consistently.

· Main options to consider seem to be a) a top level field within RRCReconfiguration or b) a field within RadioBearerConfig
· Let’s assume we end up with an following NR DC solution comprising two harmonised radioBearerConfig with key indicator referring to MCG and SCG (regardless of how they are signalled e.g. use of containers)

· It seems appropriate to provide the security refresh parameters within radioBearerConfig. In case only security is refreshed (i.e. no changes to DRB or SRB configuration), the field would only include securityConfig fields keyToUse and the corresponding security refresh parameters (i.e. corresponding to MCG and SCG in the previous)
(This avoids a separate top level field, while facilitating SN terminated bearers with MCG RLC bearers)
Altogether we thus propose (as also illustrated by the ASN.1 below)
Proposal 1
Extend securityConfig within RadioBearerConfig by adding a field for the security refresh related parameters. The field concerns a choice between:

a) MCG: in which case keyChangeIndicator and nextHopChainingCount can be signalled
b) SCG: in which case an SCG counter can be signalled e.g. sk-Counter
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System information transfer

In case of EN-DC, all the SI required by the UE to operate a cell as SCG cell is provided by dedicated signalling, except for the SFN which the UE obains by acquiring the MIB broadcast by the SCG cell. Another question is how the UE obtains the required SI upon change of the PCell i.e. handover. This aspect is discussed in further detail in [x]. In summary, we propose that upon HO (also considering provision of SI when BWP are used):
· The network provides all SI the UE requires by means of dedicated signalling i.e. not like in LTE where only the most critical parameters are provided dedicatedly while the UE subsequently acquires all parameters from broadcast (a.o. to avoid BWP switching or SI duplication across BWPs)

· Different from EN-DC, the network provides entire SIBs to the UE i.e. not just a specific subset of parameters from the SIBs the UE (urgently) requires in connected

· Align signalling of SI upon change of PCell and upon change of SCell i.e. make current field spCellConfigCommon optional and introduce the option to signal the complete SIBs required in connected (with delta compared to source cell)
The corresponding proposals regarding SI provision upon HO are covered by a separate paper [2], but in summary we propose to make field spCellConfigCommon optional and introduce the option to instead signal the entire SIBs required in connected.
Assumption 1
RAN2 agrees to make field spCellConfigCommon optional and introduce the option to instead signal the entire SIBs required in connected ver)
NR specifics related BWP (for MCG/ target PCell)
Upon handover, the UE needs to be configured with the BWP to be used in the candidate PCell. We assume the configuration of the BWPs of a target PCell is alike the configuration of the BWPs of a target PSCell in EN-DC. The further details of this particular aspect are discussed in [x], but in summary, we assume/ propose that upon HO:
· The dedicated signalling provided for the target PCell upon HO (alike upon configuration of any new serving cell) can include the following BWP configuration:

· Can includes upto 4 dedicated BWP
· Can include the initial BWP i.e. both a common configuration part as provided by SI and a dedicated configuration parts
· Includes an indication which of the dedicated BWPs the UE shall consider to be active following HO i.e. first active BWP
· If the active BWP does not include RA, the UE autonomously switches to the initial BWP to perform RA (and stays there until the network commands the UE to switch to another BWP)
· If upon transition to active the common part of the initial BWP is absent in the dedicated BWP signalling, the UE continues using the information acquired from SI. If upon change to another SPCell the common part of the initial BWP is absent in the dedicated BWP signalling, the UE continues using the configuration used in the source cell

Further discussion and more specific proposals regarding the selection and configuration of BWPs upon HO are covered by a separate paper [3].

Assumption 2
No HO specific changes are foreseen concerning the configuration of BWPs upon HO (i.e. signalling and procedurs required for EN-DC cover handover) possibly except for minor details e.g. use of delta signalling 
MCG configuration and layer 2 operations (flush)
We assume the cell (group) related reconfigurations upon change of PCell/ MCG (i.e. as performed upon HO) are very much the same as the change of PSCell/ SCG as already supported for EN-DC.We note that change of SPCell is supported by release and addition alike for any SCG cell replacement. For the other parts of the cell group configuration (RLC bearer configurations as well as the MAC and physical cell group configurations), delta signalling is however supported.
Note
During the RAN2 NR AH 1801 a proposal to introduce support delta signalling upon change of cell group type (i.e SCG becoming MCG or vice versa) was discussed. We cover this issue in a separate paper on the high level structure of the reconfiguration message, see [4].

The current NR specifications include several indications to trigger UP actions facilitating a wide range of different EN-DC scenario’s e.g. change of PDCP type, change of PDCP termination/ security key used for a DRB, change of DRB type/ RLC bearers configuration, change of duplication and/ or UL split configuration. We think these indications (PDCP re-establish, PDCP recovery, RLC re-establish, MAC reset) are sufficient to cover all UP actions that may be required upon handover i.e. no further means need to be introduced.

Assumption 3
No HO specific changes are foreseen concerning cell group configuration and L2 operations (i.e. existing signalling and procedurs sufficiently cover handover)
QoS flow (QF) to DRB mapping

RAN2 has agreed that it is up to target gNB (MN) to decide the QF to DRB mapping. Moreover, it is possible for the target gNB to support lossless/ in sequency delivery by maintaining the QF to DRB mapping i.e. using the user plane operations defined for DRBs. It still is FFS whether any additional UP operations will be defined to support lossless/ in sequency delivery while QF to DRB mapping is not maintained. We assume such additional operations are not essential, and not within REL-15 scope. The target node needs to be informed about the QF to DRB mapping used prior to HO. It is still FFS whether or not this forwarded source configuration should also cover changes resulting from reflective QoS.
Other than the forwarding of the source QF mapping configuration, and the remaining issue of how to handle reflective QoS, we see no need for any HO specific actions as reflected by the following:

Assumption 4
No HO specific changes are foreseen concerning QoS flow to DRB mapping, other than the forwarding of the source QoS mapping configuration during HO preparation

RRM measurements

Current TS 38.331 already includes the same A-type events as defined in LTE, so it should cover all that is required for the baseline operations of both inter-cell/ RRC involved mobility as well as NR NR DC.

Event A1:
Serving becomes better than absolute threshold;

Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than PCell/ PSCell;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
PCell/ PSCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

Event A6:
Neighbour becomes amount of offset better than SCell.

We assume the same applies for the corresponding RRM measurement reporting as reflected by the following:

Assumption 5
To support a baseline handover procedure, no changes are needed to the RRM parts of TS 38.331
Inter-node messages

Current TS 38.331 already includes the same HandoverCommand and HandoverPreparationInformation inter node messages, similar as defined in LTE. The contents of these INR are also very similar to the ones defined in. For HandoverPreparationInformation some potential changes may however be considered:

	
	LTE/ EN-DC
	NR HandoverPrepInfo changes/ proposal

	AS-Config
	LTE HandoverPrepInfo includes:
· radioBearerConfigMN/ SN for MN/ SN terminated RBs

· sourceOtherConfigSN: for the other configuration parts (cellGroup, measConfig)
	NR HandoverPrepInfo includes:

· sourceConfig i.e. field carrying NR RRCConfiguration. Although this can cover all AS-configuration, some changes may be desirable (details FFS).

Changes can be considered after further progress is made with the overall signalling design for Uu as well as the inter-node signalling for DC cases with NR MN (e.g. QoS flow mapping)

	AS-Context
	LTE HandoverPrepInfo includes

· reestablishmentInfo

· capabilityCoordination: a field indicating current configuration restrictions imposed by MN on SN, covering

· allowedBandCombinationListNR

· allowedBasebandCombinationListNR

· cellIdentityRange

· maxMeasFreqsSCG

· allocatedMaxPower (FR1)

· 
	NR HandoverPrepInfo includes:

· reestablishmentInfo: remove i.e. not required as covered by Xx signalling, as all other security parameters

· capabilityCoordination: Required in case of DC cases with NR MN but actual details FFS (i.e. may differ i.e. roles of MN and SN need not be same in all DC cases)


	RRM-Config
	LTE HandoverPrepInfo includes

· ue-Inactive type

· candidateCellInfoNR: candidates to be configured for SCG (EN-DC)
	NR HandoverPrepInfo includes:

· ue-Inactive type: seem fine

· candidateCellInfoNR: similar information required but details FFS (some differences expected regarding actual results e.g. CSI-RS)




Althogether we think it is clear that some changes are likely, but it seems to early to conclude details as reflected by the following:
Assumption 6
To support a baseline handover procedure, some changes are needed to the RRM parts of TS 38.331. For now it seems sufficient to remove reestablishmentInfo and add FFS that details of other fields are still FFS
Summary of specification changes

In this paper we showed that although introduction of a basic handover is largely covered by existing signalling, some changes are required:

1) Extend field securityConfig within RadioBearerConfig by adding a field for the security refresh related parameters. The field concerns a choice between:
a)
MCG: in which case keyChangeIndicator and nextHopChainingCount can be signalled

b)
SCG: in which case an SCG counter can be signalled e.g. sk-Counter
2) Make field spCellConfigCommon optional and introduce the option to instead signal the entire SIBs required in connected (not only for hanover, but also for SPCell configuration in EN-DC)

3) Remove the reestablishmentInfo from HandoverPreparationInfo and add an FFS to indicate that further changes are expected for fields sourceConfig, capabilityCoordination and candidateCellInfoNR
Other (terminology)

Procedure terminology

It seems desirable to have a short acronym for certain types of procedures, at least in speak i.e. reconfiguration with sync but without key refresh is simply too long. We also need to decide whether to maintain the term HO in NR stage 3 specifications. We note that SCG change was removed and actually prefer to align terms for MCG and SCG (alike the signalling/ indicators).
	Procedure
	Candidates
	Remark

	Reconfiguration with sync and key refresh
	Refresh, restart or handover
	SCG prefix is used in case operation only applies to SCG (i.e. SCG refresh). In case no prefix is used, operation applies to both MCG and SCG

	Reconfiguration with sync but without key refresh
	Resync
	As procedures are independent, MCG/ SCG prefix is assumed to be used always


Proposal 2
RAN2 is requested to discuss and conclude the procedure terminology in particular whether to abandon the term handover in NR RRC.

3 Conclusion & recommendation
This paper discusses the conditional HO procedure. In particular, the document includes the following proposal that RAN2 is requested to discuss and conclude.

Proposal 1
Extend securityConfig within RadioBearerConfig by adding a field for the security refresh related parameters. The field concerns a choice between:

a) MCG: in which case keyChangeIndicator and nextHopChainingCount can be signalled
b) SCG: in which case an SCG counter can be signalled e.g. sk-Counter
Proposal 2
RAN2 is requested to discuss and conclude the procedure terminology in particular whether to abandon the term handover in NR RRC.

Assumption 1
RAN2 agrees to make field spCellConfigCommon optional and introduce the option to instead signal the entire SIBs required in connected
Assumption 2
No HO specific changes are foreseen concerning the configuration of BWPs upon HO (i.e. signalling and procedurs required for EN-DC cover handover) possibly except for minor details e.g. use of delta signalling 
Assumption 3
No HO specific changes are foreseen concerning cell group configuration and L2 operations (i.e. existing signalling and procedurs sufficiently cover handover)
Assumption 4
No HO specific changes are foreseen concerning QoS flow to DRB mapping, other than the forwarding of the source QoS mapping configuration during HO preparation

Assumption 5
To support a baseline handover procedure, no changes are needed to the RRM parts of TS 38.331
Assumption 6
To support a baseline handover procedure, some changes are needed to the RRM parts of TS 38.331. For now it seems sufficient to remove reestablishmentInfo and add FFS that details of other fields are still FFS
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SecurityConfig ::=				SEQUENCE {	


	securityAlgorithmConfig			SecurityAlgorithmConfig		OPTIONAL,	-- Cond RBTermChange


	keyToUse						ENUMERATED{keNB, s-KgNB}	OPTIONAL,	-- Cond RBTermChange


	...,


	refreshInput					SecurityRefreshInput		OPTIONAL	-- Need N


}





SecurityRefreshInput ::=		CHOICE {	


	master							SEQUENCE {


		keyChangeIndicator				BOOLEAN,


		nextHopChainingCount			NextHopChainingCount


	},


	secondary						SEQUENCE {


		sk-Counter-r15					INTEGER (0.. 65535)


	}


}
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