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1 Introduction
In RAN2#99 [1], we made quite a lot of agreements on basic mobility mechanism based on email discussion. And the remaining FFS are summarized as follow:

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)

FFS For which cell(s) beam measurement information can be included e.g. only candidate target 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.
In this contribution, we address the above remaining FFS, and provide the stage TP according to our proposals.
2 Discussion  
2.1 FFS#1 Whether the AS configuration includes the QoS flow to DRB mapping that was not configured to the UE via RRC signalling.

Note that during RAN2#97b [2], RAN2 made the following agreements:
Agreements

1.
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. 

FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.

2.
HO with full configuration shall be supported

In our understanding, the key issue is whether target cell can provide a different mapping to UE during handover. At this stage, we think the benefit of such re-mapping is still not clear, and should be addressed in stage 3. Currently, we can make the progress that AS configuration can include all the UE’s QoS flow to DRB configuration in source, including explicitly configured by RRC and reflective QoS. So we propose: 
Proposal 1: The AS configuration can include the QoS flow to DRB configuration of the UE in source
· Proposal 1-1: The QoS flow to DRB configuration of the UE includes both configurations configured by RRC and reflective QoS  
· Proposal 1-2: Whether the target can provide a different mapping to UE should be addressed in stage 3  

2.2 FFS#2 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)

After checking TS 36.331 [3], we find the AS configuration in LTE can include MIB, SIB-1 and SIB-2:

 -- ASN1START

AS-Config ::=



SEQUENCE {


sourceMeasConfig




MeasConfig,


sourceRadioResourceConfig


RadioResourceConfigDedicated,


sourceSecurityAlgorithmConfig

SecurityAlgorithmConfig,


sourceUE-Identity




C-RNTI,


sourceMasterInformationBlock

MasterInformationBlock,


sourceSystemInformationBlockType1
SystemInformationBlockType1(WITH COMPONENTS












{..., nonCriticalExtension ABSENT}),


sourceSystemInformationBlockType2
SystemInformationBlockType2,

antennaInfoCommon




AntennaInfoCommon,


sourceDl-CarrierFreq



ARFCN-ValueEUTRA,


...,

We think the same principle as LTE can be reused in NR, i.e. the minimum system information of NR equivalent to LTE’s MIB, SIB-1 and SIB-2 should be included in the AS configuration. 
Proposal 2: The AS configuration includes minimum system information equivalent to LTE’s MIB, SIB-1 and SIB-2 from source gNB. 
One related issue is whether AS configuration can include on-demand system information and/or its indications. During email discussion, some companies express interest in including some indication about system information of the target cell required by the UE, so that the required SIBs/on-demand SI messages can be delivered during handover [4]. However, we think that gNB does not know exactly what system information is stored in the UE, and therefore further signaling design between UE and gNB is required. Considering tight schedule of Rel-15 (only remaining 4 meetings), we think it should not be supported at least in Rel-15.  
Proposal 3: The AS configuration doesn't include on-demand system information and related indications in Rel-15.   
2.3 FFS#3 For which cell(s) beam measurement information can be included e.g. only candidate target cell.
After checking TS 36.331 [3], we find the RRM-Config in LTE can include candidate target cell list:

RRM-Config ::=



SEQUENCE {


ue-InactiveTime



ENUMERATED {










s1, s2, s3, s5, s7, s10, s15, s20,










s25, s30, s40, s50, min1, min1s20c, min1s40,










min2, min2s30, min3, min3s30, min4, min5, min6,










min7, min8, min9, min10, min12, min14, min17, min20,










min24, min28, min33, min38, min44, min50, hr1,










hr1min30, hr2, hr2min30, hr3, hr3min30, hr4, hr5, hr6,










hr8, hr10, hr13, hr16, hr20, day1, day1hr12, day2,










day2hr12, day3, day4, day5, day7, day10, day14, day19,










day24, day30, dayMoreThan30}

OPTIONAL,


...,


[[
candidateCellInfoList-r10
CandidateCellInfoList-r10

OPTIONAL

]]

}

}

We think the same principle as LTE can be reused in NR, i.e. candidate target cell list can be included in RRM-Config.
Proposal 4: As in LTE, RRM configuration can include candidate target cell list (e.g. CandidateCellInfoList in LTE) 
Then next question is what kind of beam measurement information should be carried in HandoverPreparationInformation message. Beam measurement information in HandoverPreparationInformation message will need UE measurement and reporting. As we know, the reporting overhead of beam measurement is large: one beam index reporting needs at least 6bit (up to 64 SS blocks) and one beam quality reporting needs at least 7bit for RSRP. So for one cell with configuration of x=3 best SS block report, UE may have to report as much as 40bit beam measurement just for one cell. Therefore, we think only candidate target cell’s available beam measurement information needs to be included in RRM configuration of the HandoverPreparationInformation message.

Proposal 5: The available beam measurement information of candidate target cells can be included in the RRM configuration.
2.4 FFS#4 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.
After checking TS 36.331 [3], we find the RACH configuration in RadioResourceConfigCommon included in the mobilityControlInfo is optional.
RadioResourceConfigCommon ::=

SEQUENCE {


rach-ConfigCommon




RACH-ConfigCommon




OPTIONAL,
-- Need ON

prach-Config





PRACH-Config,


pdsch-ConfigCommon




PDSCH-ConfigCommon




OPTIONAL,
-- Need ON


pusch-ConfigCommon




PUSCH-ConfigCommon,


phich-Config





PHICH-Config





OPTIONAL,
-- Need ON


pucch-ConfigCommon




PUCCH-ConfigCommon




OPTIONAL,
-- Need ON


soundingRS-UL-ConfigCommon


SoundingRS-UL-ConfigCommon


OPTIONAL,
-- Need ON


uplinkPowerControlCommon


UplinkPowerControlCommon


OPTIONAL,
-- Need ON


antennaInfoCommon




AntennaInfoCommon


OPTIONAL,
-- Need ON


p-Max







P-Max







OPTIONAL,
-- Need OP


tdd-Config






TDD-Config






OPTIONAL,
-- Cond TDD


ul-CyclicPrefixLength



UL-CyclicPrefixLength,

...,


[[
uplinkPowerControlCommon-v1020
UplinkPowerControlCommon-v1020

OPTIONAL
-- Need ON


]],


[[
tdd-Config-v1130



TDD-Config-v1130



OPTIONAL
-- Cond TDD3


]]

}

We think it is fine to reuse the same principle to NR. One of benefit of common RACH configuration being optional is to reduce the signaling overhead for HO command. As we know, up to 64 SSBs can be configured. Then in this case, the overhead of HO command will be large, which is consensus to be the main source of HO failure in LTE. And such issue may become more serious in NR mmW deployments.
One thing needs to discuss is the UE behaviour if the common RACH configuration is not included in HO command. Based on the agreed guideline for system information delivery, it is possible that RACH configuration can be the same across a large area. Then if source and target use the same common RACH configuration, UE can continue to use the common RACH configuration of the source cell. But it is better to be discussed in stage 3.
Proposal 6: As in LTE, common RACH configuration is optional in mobilityControlInfo.
Based on our proposals, we draft stage 2 TP in Annex. We propose:
Proposal 7: RAN2 to adopt the stage 2 TP in Annex for basic handover mechanism.

3 Summary
Based on the above discussions, we recommend RAN2 to discuss the following proposals: 
Proposal 1: The AS configuration can include the QoS flow to DRB configuration of the UE in source        
· Proposal 1-1: The QoS flow to DRB configuration of the UE includes both configurations configured by RRC and reflective QoS  
· Proposal 1-2: Whether the target can provide a different mapping to UE should be addressed in stage 3  
Proposal 2: The AS configuration includes minimum system information equivalent to LTE’s MIB, SIB-1 and SIB-2 from source gNB. 
Proposal 3: The AS configuration doesn't include on-demand system information and related indications in Rel-15.   
Proposal 4: As in LTE, RRM configuration can include candidate target cell list (e.g. CandidateCellInfoList in LTE) 
Proposal 5: The available beam measurement information of candidate target cells can be included in the RRM configuration.
Proposal 6: As in LTE, common RACH configuration is optional in mobilityControlInfo

Proposal 7: RAN2 to adopt the stage 2 TP in Annex for basic handover mechanism.
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5 Text Proposal 38.300

5.1.1.1 9.2.3.2
Handover
5.1.1.1.1 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 HO 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 (subject to RAN1 feedback), the UE capabilities for different RATs, and can include the UE reported measurement information including beam-related information if 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. The AS configuration can include the QoS flow to DRB configuration of the UE in source, and minimum system information equivalent to LTE’s MIB, SIB-1 and SIB-2.
FFS whether the target can provide a different mapping to UE.

4.
Admission Control may be performed by the target gNB.
5.
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 .

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 (containing the transparent container) 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.
FFS how the UE uses the set of dedicated RACH resources and common RACH resources, how the UE knows the common RACH resources, and how the UE selects the beam and RACH resources to be used to access from the information included in the handover command. 

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 HO 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 cell (or cells FFS) if both types of measurements are available. It can optionally include candidate cell list and the corresponding available beam measurement results for those cells.

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 or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. The common RACH configuration in Handover Command is optional.

FFS whether there will be a fall-back procedure using common RACH when dedicated RACH fails.
More details to be added by RAN2 and RAN3 in coordination with SA2.
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