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[bookmark: _Ref165266342]Introduction
Regarding the topic of reduction of signalling overhead during handover, providing common HO configuration is one of the solutions which is controversial. The relevant agreements are captured as follows.
RAN2#119bis-e:
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

Agreements:
1. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits
RAN2#121:
Agreements:
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.
RAN2#121bis-e:
	· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.


Although groupcast/broadcast-based handover has been discussed in several meetings, there is no conclusion on whether to support it, as some companies are concerned about the gain and complexity of this solution. In this contribution, we show the gain of providing common signalling for handover and how this would work.
Discussion
Motivation for Broadcast-based HO
In the Non-GEO scenario, a satellite moves at high speed (e.g. 7.56 km/s) relative to a fixed area on the earth. As a result, UEs in NTN cells have to face frequent HO regardless of whether the UEs are stationary or moving. Rel-16 NR NTN SI identified this kind of mobility challenge and captured the related observations in TR 38.821 [1] as follows in Table 1:
	Table 1: Time to HO for min/max cell diameter and varying UE speed
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56 (NOTE 1)
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28





Considering UE mobility, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remain connected for a maximum of 6.49 seconds and 138.38 seconds respectively due to satellite movement.
Observation 1: For the Non-GEO scenario, frequent handover will inevitably happen due to the movement of the satellite. Based on the Rel-16 NR NTN SI outcome, HO needs to be performed about every 6.49 sec ~ 138.38 sec.
For the Non-GEO scenario, the maximum footprint beam size is about 1000 km, which is much larger than the TN case. Considering the large cell size of non-terrestrial networks, many devices may be served within a single cell (the maximum number of UEs is 65519 considering the current maximum C-RNTI value). When HO is triggered due to the movement of the satellite, a large number of UEs need to perform handover simultaneously. This is captured in the TS 38.821 [1] as the Rel-16 NTN SI outcome as in the following Table 2:
	Table 2: Average HO rate for a given cell diameter, assuming 65519 connected UEs (NOTE 1)
	Cell Diameter (km)
	Approximate Cell Area (km2)
	Average UE density (UE/km2)
	Satellite speed (km/s)
	Time to HO all UEs in cell (s)
	Average "hand-out" rate (UE/s)
	Average HO Rate (in+out) (UEs/s)

	50
	1964
	33.36
	7.56 (NORE 2)
	6.61
	9912
	19824

	100
	7854
	8.34
	
	13.23
	4952
	9904

	250
	49087
	1.33
	
	33.07
	1981
	3962

	500
	196000
	0.33
	
	66.14
	991
	1982

	1000
	785000
	0.08
	
	132.28
	495
	990





Observation 2: For the Non-GEO scenario, a large number of UEs will encounter HO due to the movement of the satellite and the large coverage of the NTN cell. Based on the Rel-16 NR NTN SI outcome, the average HO Rate is up to 19824 UEs/sec.
Broadcast based HO enhancement
According to Observation 1 and Observation 2, a large number of UEs will encounter frequent HO under the Non-GEO case, which will cause massive signalling overhead. As the signalling overhead of UE-specific information (e.g. DRB configuration, security configuration and so on) cannot be reduced during handover, attention should be paid on the reduction of the overhead caused by non-UE specific information (i.e., target cell common configuration).
There are two main options to reduce the signalling overhead of the target cell common configuration:
· Option 1: Reduce the signalling overhead of target cell common info for a specific UE
· Option 1 is intended to reduce the signalling overhead of target cell common info when it is provided via unicast signalling.
· Option 2: Reduce the signalling overhead of target cell common info for a set of UEs
· Option 2 is intended to reduce the transmission instances of the target cell common info if a set of UEs share the same target cell common info.
In the legacy HO procedure, the network already supports the delta configuration, which means that Option 1 has been supported by the current Spec. Some companies in previous meeting also argued that the signalling overhead can already be sufficiently optimized relying on the delta configuration. However, per our analyses, we find that the benefit of the delta configuration could be rather limited under the NTN scenario, thus not possibly contributing much to the handover overhead reduction in NTN. Take inter-satellite HO as an example: it is highly likely that the cell common configuration between two adjacent satellites has a lot of different parameters, e.g. w.r.t. those parameters in NTN-Config information. 
Moreover, the delta configuration is only applicable to the parameters which are optionally present upon SpCell change. For the parameters which are mandatorily present upon SpCell change, the related signalling overhead cannot be reduced. Some parameters which are mandatorily present upon SpCell change are highlighted below. Considering that in the worst case, up to 65519 UEs may need to perform handover, these parameters will cause huge volume of signalling overhead, if they are still delivered via unicast signalling to UEs, even with the delta configuration.
ServingCellConfigCommon ::=         SEQUENCE {
[bookmark: OLE_LINK1]    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
    ]]
}
Observation 3: Using delta configuration to provide target cell common configuration in the UE-specific way as in the current Spec only reduces the signalling overhead of the optional parameters, and may bring rather limited benefit under some typical NTN scenarios (e.g. inter-satellite HO). Also, the signalling overhead of many parameters mandatorily present upon SpCell change cannot be reduced via current delta config, and this makes the signalling overhead for HO remain huge.
By contrast, Option 2 above can overcome the above limitation of Option 1. For the Non-GEO scenario, a large number of UEs are likely to be handed over to the same target cell, if the HO is triggered due to the movement of the satellite. For example, for the quasi-earth fixed cell with a feeder link switch, as shown in Figure 1, the coverage of the source cell and the target cell are overlapped with each other to a large extent, as they need to cover the same area on the earth surface. The UEs located in the overlapped area will get access to the same target cell. This is also applied to the earth-moving cell case. If the target cell common configuration of these UEs can be delivered via common signalling (e,g., via broadcast way), instead of respectively being signalled to the UEs via dedicated signalling, the HO signalling overhead can be significantly reduced, and this is just the intention of above Option 2. Moreover, the more UEs are handed over to the same target cell, the more signalling overhead is saved by this means. 
[image: ]
Figure 1 Use case of feeder link switch with quasi-earth fixed cell
Observation 4: For the Non-GEO scenario, a large number of UEs are likely to be handed over to the same target cell. Thus, handover overhead can be largely reduced, if the target cell common info for these UEs is provided via broadcast signalling.
In RAN2#121bis meeting, RAN2 had intensive discussion on whether to support the HO mechanism with the common target cell configuration provided in source cell. The following conclusion has been achieved [2].
· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.
[bookmark: _GoBack]For the quasi-earth fixed cell case, the common target cell configuration can be provided via broadcast way (e.g. via existing or new SIB) to UEs before the source cell stops time. The exact time to start providing this information is up to NW implementation. There may be an argument that sending common target cell configuration via broadcast may not really reduce the overall signalling, if it is transmitted too frequently. On the one hand, NW can control how frequently the common target cell configuration is sent to reduce transmission times. On the other hand, the signalling overhead of multiple transmissions of this information in a broadcast way is much less than providing this information via dedicated signalling, especially considering that the large number of connected UEs in the huge coverage area of NTN cells.
Regarding the UE-specific information (e.g. RACH configuration, DRB configuration, security configuration and so on), from a UE’s perspective, the NW can provide it through dedicated signalling before or after broadcast target cell common configuration. For example, for some UEs, NW can provide the dedicated signalling before the target cell common configuration is sent while providing the dedicated signaling after the broadcast the target cell common configuration for other UEs. The UE can initiate HO when the target cell common configuration and UE-specific configuration are both acquired. As a result, the signaling storming can be avoided by discretizing the transmission of dedicated signaling in time domain. For a specific UE, whether the UE-specific (C)HO command is sent before/after the broadcast signalling is up to NW implementation.
Observation 5: It can be up to NW to control when/where to broadcast target cell common configuration, whether UE (C)HO command is sent before/after broadcast signaling, etc. UE can perform handover to a target cell if it receives both target cell common configuration from broadcast signaling and UE (C)HO command via unicast signaling. 
Different from the legacy handover, to obtain all the HO configurations (including UE-specific configuration and target cell common configuration), UE shall associate the dedicated configuration and the broadcasted configuration. For the quasi-earth fixed cell case, one target cell for handover prepared by the network may be sufficient in most cases. Under this assumption, the dedicated configuration and the broadcast configuration correspond to each other by default. If more than one candidate cell for handover are prepared by the network, cell ID (e.g., physCellId) can be used for UE to associate target cell common configuration with the UE-specific configuration for a given target cell. For example, physCellId is broadcast as a part of each target cell common configuration, and physCellId is also provided through dedicated signalling as a part of UE-specific configuration for one candidate cell. For a given candidate cell, if physCellId in common configuration for a cell is same as physCellId in UE-specific configuration for one candidate cell, UE determines the corresponding target cell common configuration and UE-specific configuration consist of the whole handover configuration for that cell. For the quasi-earth fixed cell case, the handovers and/or the target cell are predictable. The broadcast of common target cell configuration does not change; so there is no need to notify the UE to receive the updated broadcast configuration. At UE side, UE (e.g. UE not in high speed mobility) does not need to update the association between the dedicated configuration and broadcast configuration. This means that the association between the dedicated configuration and broadcast configuration does not bring much complexity, when this kind of association is determined at UE side. 
Based on the above analyses, providing target cell common configuration for HO via broadcast signalling is feasible the following proposal is given.
Proposal 1: RAN2 to specify handover enhancement by providing target cell common configuration via broadcast way.
Once the target cell common information is provided in advance by the broadcast signalling, UE should know when to perform handover to the target cell, i.e. a trigger condition for the handover execution at the UE side is needed. There are following three ways to trigger UE to perform handover in this case:
· Option A: HO trigger event(s) are provided via broadcast signalling in advance. UE autonomously initiates handover based on the evaluation of the HO trigger event(s) provided, in case both UE specific configuration and target cell common configuration are obtained. 
· In Rel-17 NTN, time-based CHO and location-based CHO have been introduced. For the feeder link switch and/or service link switch, the stop serving time of the source cell is the same for all UEs. Considering that all UEs need to perform HO before the stop serving time, the time-based event for HO execution can be the same for these UEs. As the common information to a large number of UEs, it is reasonable that the time-based event for the HO trigger is also provided via broadcast signalling. Similarly, the location-based event for performing HO can also be provided via broadcast signalling.
· The signalling structure for the time-based event and the location-based event in the current Spec is listed as follows. It is not hard to find that time-based event and location-based event already cause considerable signalling overhead from the system level perspective, if they are delivered via UE-specific signalling. Thus, the HO trigger event(s) provided via broadcast signalling in advance can further reduce signalling overhead during the HO procedure at the system level.
condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17 INTEGER(0.. 65525),
            distanceThreshFromReference2-r17 INTEGER(0.. 65525),
            referenceLocation1-r17           ReferenceLocation-r17,
            referenceLocation2-r17           ReferenceLocation-r17,
            hysteresis-r17                   HysteresisLocation-r17,
            timeToTrigger-r17                TimeToTrigger
        },
condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
· If the HO trigger event(s) are provided via broadcast signalling in advance, a large number of UE may initiate the RACH procedure at the same time, which is likely to result in the uplink signalling storming. This issue can be solved by providing multiple HO trigger events or providing a backoff parameter which is used to discretize the initiation of the RACH process among UEs. 
· Option B: UE performs handover when receiving the HO trigger indication by the NW via broadcast signalling, in case both UE-specific configuration and target cell common configuration are obtained. 
· In this solution, the handover trigger event is not provided to UE in advance. Instead, the NW will directly signal an indication to the UEs to trigger the handover, when HO is required. When UE receives this handover trigger indication, UE executes handover. This solution is also feasible in the NTN scenario. For example, for the quasi-earth fixed cells, the stop time is known by NW. Then, NW can trigger UE to perform handover before the stop serving time. In this case, the HO trigger indication signalled by the NW can be common for all UEs in the NTN cell. Thus, it can also be provided via broadcast signalling. For the earth-moving cell case, NW can predict which UEs need to perform handover at which moment based on UE location and emphasis. Thus, the HO trigger event can also be provided to the UEs which need to perform handover.
· Similar to Option 1, Option 2 will also bring the issue of uplink signalling storming. This issue can also be solved by providing a backoff parameter along with the HO trigger event indication by the NW via broadcast signalling, which is used to discretize the initiation of the RACH procedure.
· Option C: HO trigger event is indicated to a specific UE via unicast signalling. 
· In this solution, the time/location event or reconfiguration with sync indication is still provided via unicast signalling as in the legacy. Compared with Option 1 and Option 2, it will cause a large system-level signalling overhead, which is not preferable.
By comparing the above three options, we think Option A can bring additional signalling overhead saving, so we have slight preference on it.
Proposal 2: HO trigger event(s) can be provided via broadcast signalling.
In the current Spec as follows, when UE executes a reconfiguration with sync procedure, UE shall go to RRC_IDLE if UE AS security is activated. Similarly, how a UE handles the HO-related info provided via broadcast signalling before UE AS security is activated should be discussed. For example, RAN2 needs to discuss whether a UE is allowed to receive the HO-related info via broadcast signalling before UE AS security is activated or not. If UE indeed receives HO-related info via broadcast signalling, whether UE can apply this info before UE AS security is activated or not. 
	The UE shall perform the following actions to execute a reconfiguration with sync.
1>	if the AS security is not activated, perform the actions upon going to RRC_IDLE as specified in 5.3.11 with the release cause 'other' upon which the procedure ends;


Proposal 3: RAN2 to discuss how UE handles the HO-related info provided via broadcast signalling before UE AS security is activated.
[bookmark: _Toc502437832]Conclusions
This contribution will discuss in Rel-18 NTN and give the following observations and proposals. 
Observation 1: For the Non-GEO scenario, frequent handover will inevitably happen due to the movement of the satellite. Based on the Rel-16 NR NTN SI outcome, HO needs to be performed about every 6.49 sec ~ 138.38 sec.
Observation 2: For the Non-GEO scenario, a large number of UEs will encounter HO due to the movement of the satellite and the large coverage of the NTN cell. Based on the Rel-16 NR NTN SI outcome, the average HO Rate is up to 19824 UEs/sec.
Observation 3: Using delta configuration to provide target cell common configuration in the UE-specific way as in the current Spec only reduces the signalling overhead of the optional parameters, and may bring rather limited benefit under some typical NTN scenarios (e.g. inter-satellite HO). Also, the signalling overhead of many parameters mandatorily present upon SpCell change cannot be reduced via current delta config, and this makes the signalling overhead for HO remain huge.
Observation 4: For the Non-GEO scenario, a large number of UEs are likely to be handed over to the same target cell. Thus, handover overhead can be largely reduced, if the target cell common info for these UEs is provided via broadcast signalling.
Observation 5: It can be up to NW to control when/where to broadcast target cell common configuration, whether UE (C)HO command is sent before/after broadcast signaling, etc. UE can perform handover to a target cell if it receives both target cell common configuration from broadcast signaling and UE (C)HO command via unicast signaling. 
Proposal 1: RAN2 to specify handover enhancement by providing target cell common configuration via broadcast way.
Proposal 2: HO trigger event(s) can be provided via broadcast signalling.
Proposal 3: RAN2 to discuss how UE handles the HO-related info provided via broadcast signalling before UE AS security is activated.
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