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1 Introduction

In Rel-18 WID on NR NTN enhancements, mobility enhancement is one of the major objectives.
	· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]

· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution, we provide our views on mobility enhancements for connected mode UEs. 
2 Discussion 
2.1 Light handover command
In NGSO scenarios, satellites (especially LEO satellites) are featured as high-speed moving. Considering scenarios C/D in [2], the relative speed of LEO satellite w.r.t. the earth can be as high as 7.56 km per second (i.e. 27216 km/h), which is in the level of 100x times compared to high-speed train. No matter whether UE is moving or stationary, this means that in the LEO scenario, almost all UEs in the same cell may encounter frequent handovers in very short period. Another case of offloading. That is, if the current cell is overloaded, network may also want to handover a large number of UE to another cell. In both cases, if existing handover command is adopted, this would result in a lot of signaling overhead and especially these signalling will happen in a burst, since handover command is now carried in dedicated RRC signalling in the form of RRCReconfiguration message. 

Observation 1
In both cases of LEO’s high mobility and traffic offloading for overloaded cells, a large number of UEs need to be handed over to another cell within short period, which would creat a lot of signalling overhead with existing handover command.
Signalling burst raises challenges to the network since network may not have sufficient radio resources to transmit handover command for each concerned UE within short time. As a consequence, some UE’s handover command may reach later than others and this may cause too late handover and even handover failures. To solve this handover command signaling burst issue, one way is to reduce the size of handover command. For example, network can simply indicate the target cell ID/index in the handover command provided that UE has be pre-configured with the target cell’s configuration, e.g. via CHO configuration. Regarding the signalling options, since only the target cell index needs to be signalled, RAN2 can consider introducing a MAC CE instead of using the RRC message. In RAN2#119bis-e, some companies commented that the gain for unicast transmission might not be large and would like to have it transmitted in a groupcast manner. We think that the groupcast option may also involve RAN1 (e.g. group-based RNTI) and all these can be further discussed and even RAN2 can check with RAN1 at some later stage.  
Proposal 1 Network can trigger handover by simply indicating target cell’s ID/index. The target cell’s configuration can be pre-configured to the UE, e.g. via CHO configuration. FFS on the triggering signaling, e.g. MAC CE or RRC message. FFS whether it can be sent in a groupcast manner and needs RAN1’s involvement. 
In RAN2#119bis-e, another signalling overhead enhancement on handover command was discussed and following agreement were made.
Agreements

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

In RAN2#121 meeting, there was some discussion on the gain and following was agreed.
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

To saving signalling overhead, we understand that at least the field spCellConfigCommon within IE ReconfigurationWithSync can be delivered to UEs in broadcast signalling. The IE of field spCellConfigCommon is ServingCellConfigCommon, which includes following fields.
	ServingCellConfigCommon information element

-- ASN1START

-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {

    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,

    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd

    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M

    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S

    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S

    ssb-PositionsInBurst                CHOICE {

        shortBitmap                         BIT STRING (SIZE (4)),

        mediumBitmap                        BIT STRING (SIZE (8)),

        longBitmap                          BIT STRING (SIZE (64))

    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB

    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S

    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},

    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M

    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N

    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N

    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB

    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD

    ss-PBCH-BlockPower                  INTEGER (-60..50),

    ...,

    [[

    channelAccessMode-r16               CHOICE {

        dynamic                             NULL,

        semiStatic                          SemiStaticChannelAccessConfig-r16

    }                                                                                                       OPTIONAL, -- Cond SharedSpectrum

    discoveryBurstWindowLength-r16          ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}                   OPTIONAL, -- Need R

    ssb-PositionQCL-r16                     SSB-PositionQCL-Relation-r16                                    OPTIONAL, -- Cond SharedSpectrum

    highSpeedConfig-r16                     HighSpeedConfig-r16                                             OPTIONAL  -- Need R

    ]],

    [[

    highSpeedConfig-v1700               HighSpeedConfig-v1700                                               OPTIONAL, -- Need R

    channelAccessMode2-r17              ENUMERATED {enabled}                                                OPTIONAL, -- Cond SharedSpectrum2

    discoveryBurstWindowLength-r17      ENUMERATED {ms0dot125, ms0dot25, ms0dot5, ms0dot75, ms1, ms1dot25}  OPTIONAL, -- Need R

    ssb-PositionQCL-r17                 SSB-PositionQCL-Relation-r17                                        OPTIONAL, -- Cond SharedSpectrum2

    highSpeedConfigFR2-r17              HighSpeedConfigFR2-r17                                              OPTIONAL, -- Need R

    uplinkConfigCommon-v1700            UplinkConfigCommon-v1700                                            OPTIONAL, -- Need R

    ntn-Config-r17                      NTN-Config-r17                                                      OPTIONAL  -- Need R

    ]],

    [[

    featurePriorities-r17               SEQUENCE {

        redCapPriority-r17                  FeaturePriority-r17                                             OPTIONAL, -- Need R

        slicingPriority-r17                 FeaturePriority-r17                                             OPTIONAL, -- Need R

        msg3-Repetitions-Priority-r17       FeaturePriority-r17                                             OPTIONAL, -- Need R

        sdt-Priority-r17                    FeaturePriority-r17                                             OPTIONAL  -- Need R

    }                                                                                                       OPTIONAL  -- Need R

    ]]

}

-- TAG-SERVINGCELLCONFIGCOMMON-STOP

-- ASN1STOP




For inter-satellite handover scenarios, the minimum gain on signalling overhead reduction by broadcasting the target cell’s ServingCellConfigCommon in SIB may correspond to the case where target cell and source cell share the same configurations in ServingCellConfigCommon except the part on ntn-config. One NTN-config IE can be as large as 30~35 bytes depending on which ephemeris format is used and the overall signalling gain would depend on the exact number of UEs to be handed over.
Table 1 minimum signalling gain for inter-satellite handover
	Handover UE number:

10
	Handover UE number:

100
	Handover UE number:

1000
	Handover UE number:

10000

	300~350 bytes
	3K~3.5K bytes
	30K~35K bytes
	300K~350K bytes


The maximum signalling gain corresponds to the case where target cell and source cell share nothing in common in ServingCellConfigCommon. The IE ServingCellConfigCommon can be as large as ~312 bytes. Considering the UE number, the maximum gain can be shown in below table.
Table 2 maximum signalling gain for inter-satellite handover
	Handover UE number:

10
	Handover UE number:

100
	Handover UE number:

1000
	Handover UE number:

10000

	~3K bytes
	~30K bytes
	~300K bytes
	~3M bytes


The total signalling bit saving is proportional to the number of UEs to be handed over. With more UEs involved in handover, the saved control-plane signalling overhead and thus network resource can be used to serve user-plane traffic transmissions for these UEs as well as other UEs in the cell. We think this approach should be supported for NTN handover enhancement.  
Proposal 2 Neighbor cell’s ServingCellConfigCommon can be broadcasted in serving cell’s SIB, and UE acquires the target cell’s configuration by combining this with the configurations provided in the handover command.
2.2 RACH-less handover
In the last RAN2 meeting, RACH-less handover was agreed to be supported for NTN for signalling overhead reduction during handover access.
Agreements:

1. Support RACH-less Handover in Rel-18.

2. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition

3. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.

4. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
In LTE RACH-less handover, UE will be indicated in handover command whether the target cell uses the same NTA with the source cell or uses NTA equal to 0. In NTN, NTA is part of UE’s full TA according to TTA formula defined in TS 38.211: [image: image2.png]Tra = (Npa + Npgofper + N2 + NEE )T



. For the handover case, UE will acquire the target cell’s ephemeris information and common TA in handover command. Normally NTA is TA adjustment by the base station based on UL reception, hence, without any early communication before handover, target cell is not supposed to provide any explicit TA value adjustment except to indicate NTA equal to 0, which simply means that the target cell does not adjust TA. Regarding early communication before handover, this may not be realistic for Rel-18 as this will require UE to communicate with two satellites even not at the same time and may be too complicated for UE’s implementation. For the FFS part on implicitly or explicitly, we fail to identify any implicit approach and therefore we suggest to adopt the same approach as in LTE, i.e. explicitly.

Proposal 3 In NTN RACH-less handover, network indicates explicitly whether NTA in the target cell is identical to the source cell or equal to zero (same as LTE RACH-less handover).
For the initial UL transmission during RACH-less handover, RAN2 in the last meeting has agreed to support dynamic grant from the target cell, which means that to transmit handover complete message, UE monitors PDCCH in the target cell to get the UL grant. Different from RACH-based handover where UE monitors PDCCH using the TCI state determined during the RACH procedure (i.e. the selected SSB beam for RO/preamble mapping and RAR reception), there is no RACH procedure for RACH-less handover, hence, network has to indicate a TCI state for UE to monitor PDCCH in the target cell. This can be done by the target cell as it can have beam measurement results forwarded by the source cell. The only signaling impacts may be that the activated TCI state needs to be included in the handover command. 
Proposal 4 To support dynamic grant from the target cell for RACH-less PUSCH transmission, network indicates the activated TCI state for UE to monitor PDCCH in the target cell.
3 Conclusion
Based on the discussion in section 2 we have following observations and proposals: 
Observation 1
In both cases of LEO’s high mobility and traffic offloading for overloaded cells, a large number of UEs need to be handed over to another cell within short period, which would creat a lot of signalling overhead with existing handover command.
Proposal 1 Network can trigger handover by simply indicating target cell’s ID/index. The target cell’s configuration can be pre-configured to the UE, e.g. via CHO configuration. FFS on the triggering signaling, e.g. MAC CE or RRC message. FFS whether it can be sent in a groupcast manner and needs RAN1’s involvement. 
Proposal 2 Neighbor cell’s ServingCellConfigCommon can be broadcasted in serving cell’s SIB, and UE acquires the target cell’s configuration by combining this with the configurations provided in the handover command.
Proposal 3 In NTN RACH-less handover, network indicates explicitly whether NTA in the target cell is identical to the source cell or equal to zero (same as LTE RACH-less handover).
Proposal 4 To support dynamic grant from the target cell for RACH-less PUSCH transmission, network indicates the activated TCI state for UE to monitor PDCCH in the target cell.
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