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1. Introduction
As agreements made in RAN2 #119bis meeting:
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
and in RAN2 #121 meeting:
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.
,the common configuration for handover enhancements would be considered. In this contribution, we further discuss the common configuration for handover in NTN.
2. Discussion 
Based on TR 38.821 [1], the ground speed of LEO satellite may be as high as 7.56 km/s. And a UE served by a LEO cell of diameter 50 km (lower bound) and 1000 km (upper bound) may remain connected for a maximum of 6.61s and 132.28s respectively. In other words, with the neglected UE movement compared to cell movement, considering the smallest cell size, the UE may need to perform handover per 6.61s in an LEO cell.
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56
	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


Table 1 (Table 7.3.2.1.4-1 in TR 38.821): Time to HO for min/max cell diameter and varying UE speed
Moreover, since it is expected that there will be much more number of UEs in a NTN cell (compared to TN cell), there would be a large number of UEs needed to perform handover in a NTN cell. As shown in below Table quoted from TR 38.821 [1], average hand-out rate for a LEO cell of diameter 50 km and 1000 km are 9912 UEs/s and 495 UEs/s respectively. The frequent handover in NTN would result in large signalling overhead and impact power consumption. As specified in the work item [2], NTN-NTN handover enhancement for RRC_CONNECTED UEs is needed to be introduced to reduce the signalling overhead.
	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


Table 2 (Table 7.3.2.1.6-1 in TR 38.821): Average HO rate for a given cell diameter, assuming 65519 connected UEs
In a handover procedure, some configurations in the handover command could be common for the target cell. The UEs which handover from the source cell to the same target cell would share the configurations. Currently these configurations are carried by the dedicated signalling for handover, and when the network handover those UEs, the network needs to provide these configurations in each dedicated handover command to each of the UEs. Based on above Table, in the worst case of handover, the network may need to transmit the common configuration up to 9912 times in a LEO cell of diameter 50 km. When there are a large number of UEs performing handover to the same target cell, the network is not needed to transmit the common configuration to each UE individually. It is beneficial that the common configuration can be reduced in the dedicated signalling for handover.
Observation 1: To reduce the large signalling overhead for frequent handover in NTN, it is beneficial to reduce common configurations in the dedicated handover command.
The configuration of ReconfigurationWithSync form TS 38.331 [3] is quoted as below. Among the configuration of ReconfigurationWithSync, some configurations could be carried by a common signalling. For example, ServingCellConfigCommon, t304 and smtc could be configured with the same value in the target cell. ServingCellConfigCommon is the common configuration for the target cell. t304 is the timer value of timer T304 to handle reconfiguration with sync failure. And smtc indicates the SSB periodicity/offset/duration configuration of the target cell. The UEs handover to the same target cell could use the same values for these configurations. DAPS and sidelink are not supported in NTN, and thus daps-UplinkPowerConfig and sl-PathSwitchConfig doesn’t need to be included in the corresponding handover command. For the case that dedicated RACH resource is not used for handover, the network could only provide C-RNTI in ReconfigurationWithSync.
ReconfigurationWithSync ::= SEQUENCE {
    spCellConfigCommon       ServingCellConfigCommon                           OPTIONAL,   -- Need M
    newUE-Identity           RNTI-Value,
    t304                     ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    rach-ConfigDedicated     CHOICE {
        uplink                  RACH-ConfigDedicated,
        supplementaryUplink     RACH-ConfigDedicated
    }                                                                          OPTIONAL,   -- Need N
    ...,
    [[
    smtc                     SSB-MTC                                           OPTIONAL    -- Need S
    ]],
    [[
    daps-UplinkPowerConfig-r16 DAPS-UplinkPowerConfig-r16                      OPTIONAL    -- Need N
    ]],
    [[
    sl-PathSwitchConfig-r17    SL-PathSwitchConfig-r17                         OPTIONAL    -- Cond DirectToIndirect-PathSwitch
    ]]
}
The network could provide the common configurations (e.g. servingCellConfigCommon, t304 and smtc) once in a common signal (e.g. system information) to multiple UEs. Then the network could omit the configurations in each dedicated handover command. The UE could use the configuration from the common signal (e.g. system information) for handover if the configuration is not provided in the dedicated handover command.
Proposal 1: Some configurations including servingCellConfigCommon, t304 and smtc for the target cell can be provided in a common signal (e.g. system information) and be omitted in the dedicated handover command. 
Proposal 2: The UE could use the configurations (e.g. servingCellConfigCommon, t304 and smtc) for target cell from a common signal (e.g. system information), if the configurations are not provided in the dedicated handover command.
3. Conclusion
In this contribution, we discuss the handover enhancement with common signalling in NTN and have following observation and proposals:
Observation 1: To reduce the large signalling overhead for frequent handover in NTN, it is beneficial to reduce common configurations in the dedicated handover command.
Proposal 1: Some configurations including servingCellConfigCommon, t304 and smtc for the target cell can be provided in a common signal (e.g. system information) and be omitted in the dedicated handover command.
Proposal 2: The UE could use the configurations (e.g. servingCellConfigCommon, t304 and smtc) for target cell from a common signal (e.g. system information), if the configurations are not provided in the dedicated handover command.
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