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[bookmark: _Ref481671177]Introduction
In this paper, our view on general RRM measurement requirements is provided, including measurement on multiple LEO satellites with large Doppler shifts and measurement with multiple SMTCs. 
NTN measurement requirement in CONNECTED mode
The applicability of HO requirements were discussed in the last meeting as in [1]. 
Agreement:
Applicability of the following requirements are as below:
· NR FR2 – NR FR1 HO 
· FFS
· NR FR1 – NR FR2 HO 
· FFS
· NR FR2 – NR FR2 HO 
· FFS
· Connected Mode Mobility Requirements
Category
Sub-category
Requirement
(applicable and will be affected)
6. RRC_CONNECTED state mobility
Handover Parameters - NR Handover
NR FR1 - NR FR1 Handover
(Y, FFS)


NR FR2- NR FR1 Handover
(FFS, FFS)


NR FR2- NR FR2 Handover
(FFS, FFS)


NR FR1- NR FR2 Handover
(FFS, FFS)


Since all NTN FR2 requirements are deprioritized, thus the 1st to the 3rd bullet are only valid for the following cases, and it is related to the TN-NTN mobility in CONNECTED. 
· NR TN FR2 – NR NTN FR1 HO 
· NR NTN FR1 – NR TN FR2 HO 
· NR FR2 – NR FR2 HO   not applicable since NTN FR2 is deprioritized. 
Regarding the TN-NTN in CONNECTED mode, the necessity to support this feature is doubtable, because network may not know the UE’s location, and the information exchange between TN and NTN would be challenging, so it is not clear how network could know and configure the nearby TN frequencies and the corresponding TN MG/SMTC, which is time-varying from NTN’s perspective. In addition, if the TN network is available for the UE, the network can simply release the NTN UE from NTN and then UE will be able to camp on the TN network which has set higher priority. Therefore, the necessity of NTN-TN HO is not clear. 
Besides, NTN-TN HO typically means both the NTN system and TN system are deployed by the same operator, and whether we have this case in the near future is doubtable. On the other hand, the support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode. Therefore, unless the necessity of TN-NTN in CONNECTED mode is confirmed, we suggest not to define the requirement for TN-NTN in CONNECTED. 
[bookmark: _Ref95686880]Observation 1: The necessity to support TN-NTN in CONNECTED is unclear. The number of TN base station is huge and it is not clear how the NTN network could configure the corresponding MG/SMTC for TN and the TN frequency nearby the NTN UE.
[bookmark: _Ref95686884]Observation 2: The support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode.
[bookmark: _Ref85719291][bookmark: _Ref92715064]Proposal 1: Clarify the applicability of the clause of “NR FR1 - NR FR1 Handover” NTN requirement is for NR NTN FR1 - NR NTN FR1. 
[bookmark: _Ref95686900]Proposal 2: The following NTN HO requirements are not applicable in Rel-17:
· NR FR2 – NR FR1 HO 
· NR FR1 – NR FR2 HO 
· NR FR2 – NR FR2 HO 
Measurement with multiple SMTCs in LEO
According to the reference scenario parameters of Table 4.2-2 in TR 38.821 [2], the max. Doppler shift of a LEO-600km network can be up to 24 ppm, and it leads to 48 ppm frequency separation (i.e. ~100kHz @ 2GHz) between the serving cell and the neighboring cell, as shown in Figure 1 and Figure 2.   
[image: ]

Figure 1 Measurement on different LEO satellites with large Doppler shifts
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Figure 2 Up to 100 kHz Doppler shift between Serving satellite and neighboring satellite at 2GHz

[bookmark: _Ref92609113]Observation 3: Up to 100kHz Doppler shift between serving satellite and neighboring satellite at 2GHz can be observed. 
Therefore, in the last meeting [1], several existing methodologies are proposed to avoid receiving signals from different satellite at one time, e.g. 
1. Scheduling restriction and Measurement gap  
2. Sharing/scaling factor
Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-1: Scheduling restriction
· Option 1: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
· Option 2: Same as Option 1, but only for the case where either serving or target measurement cells is LEO. Otherwise, no scheduling restriction is defined.
· Option 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps; the UE is not required to measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
· Option 4: Please add yours, if any. 


On the Item-1 in Issue 3-1-4, on Option 1 and Option 2, to apply scheduling restriction, the serving cell needs to know the UE receiving timing of other satellites in symbol-level, and it is questionable. 
[bookmark: _Ref95686891]Observation 4: For the scheduling restriction-based solution (Option 1 and Option 2), serving cell needs to know the UE receiving timing of other satellites in symbol-level.
Thus, we prefer Option 3 (gap-based solution) as applying measurement gap for the measurements on other satellites (or measurement cell group) to Option 2 (scheduling restriction-based solution), because the gap-based solution does not need the timing information in symbol level. And we suggest the revised wording for Option 3 as below: 
[bookmark: _Ref95686926]Proposal 3: For both intra- and inter- frequency measurements of cells belonging to a different satellite than the serving cell, the UE uses measurement gaps. For intra- frequency measurements, no measurement gaps is needed for the cells belonging to the same satellite as serving cell. (Option 3a)

However, sharing/scaling scheme is still needed if there are multiple LEO satellites to be measured in one MO, as the UE is not required to receive signals from multiple LEO satellites/measurement cell groups at one time as agreed in the previous meeting in Issue 3-1-8 [1]. Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-2: Scaling factor
· Option 1: When a measurement frequency is configured with multiple SMTCs with different offset values, the measurement frequency is treated as multiple independent measurement frequencies in terms of measurement period/interval and CSSF (Carrier Specific Scaling Factor) which represents the number of measurement carriers that share one cell search/measurement engine.
· Option 2: Different solutions in terms of whether and exact number of scaling factor for the following cases:
· Whether UE can measure multiple SMTCs within one periodicity, and how many SMTCs can be measured in parallel.
· If not all of them can be used by UE in parallel, whether or not UE and NW are in-sync in terms of which SMTCs will be in use at a given time 
· Option 3: When a measurement frequency is configured with multiple LEO satellites to measure, the number of LEO satellites is accounted in CSSF for connected mode and Kcarrier for idle/inactive mode.
· For all options, there can be more aspects to be taken into account, e.g. fully vs. partially overlapping SMTCs
Issue 3-1-8: Measurement requirements and with multiple satellites
Agreement:
· For LEO, UE is not required to receive signals from multiple satellites/measurement cell groups at one time.
· (Note) The above does not mean ‘UE only needs to receive signal from one satellite/measurement cell group at one time for LEO’
· (Note) The above does not imply ‘any explicit limitation of number of satellite/measurement cell group to 1’ 


We see the similarity among Option 1 and Option 3. Option1 is to extend the CSSF based on the number of SMTCs (Option 1) and Option 3 is based on the number for LEO satellites. We see Option 3 can be merged to Option 1 for the case that one SMTC containing only one LEO satellites. However, for the case that 1 SMTC containing SSBs from multiple LEO satellite, as UE is not required to receive signals from multiple LEO satellites at one time, the CSSF should be further extended by the number of LEO satellite within this SMTC. 
[bookmark: _Ref92609217][bookmark: _Ref95686929][bookmark: _GoBack]Proposal 4: For LEO, support Option 1 if SSBs are from only one LEO satellite in one SMTC. For the SMTC containing SSBs from multiple LEO satellites, the CSSF should be further extended by the number of LEO satellite within this SMTC. 
Conclusion
In this contribution, the general RRM measurement requirements for NTN have been discussed. The corresponding observations and proposals are listed as the following, 
Observation 1: The necessity to support TN-NTN in CONNECTED is unclear. The number of TN base station is huge and it is not clear how the NTN network could configure the corresponding MG/SMTC for TN and the TN frequency nearby the NTN UE.
Observation 2: The support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode.
Proposal 1: Clarify the applicability of the clause of “NR FR1 - NR FR1 Handover” NTN requirement is for NR NTN FR1 - NR NTN FR1.
Proposal 2: The following NTN HO requirements are not applicable in Rel-17:
· NR FR2 – NR FR1 HO 
· NR FR1 – NR FR2 HO 
· NR FR2 – NR FR2 HO 
Observation 3: Up to 100kHz Doppler shift between serving satellite and neighboring satellite at 2GHz can be observed.
Observation 4: For the scheduling restriction-based solution (Option 1 and Option 2), serving cell needs to know the UE receiving timing of other satellites in symbol-level.
Proposal 3: For both intra- and inter- frequency measurements of cells belonging to a different satellite than the serving cell, the UE uses measurement gaps. For intra- frequency measurements, no measurement gaps is needed for the cells belonging to the same satellite as serving cell. (Option 3a)
Proposal 4: For LEO, support Option 1 if SSBs are from only one LEO satellite in one SMTC. For the SMTC containing SSBs from multiple LEO satellites, the CSSF should be further extended by the number of LEO satellite within this SMTC.
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