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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 multiple SMTCs, SIB reading time for acquiring target cell measurement information, UE measurement capability of the number of NTN carriers.
Measurement on multiple LEO satellites with large Doppler shifts and multiple SMTCs
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. 
Table 4.2-2: Reference scenario parameters
	Scenarios
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	circular orbiting around the earth

	Altitude
	600 km
1,200 km

	Max Doppler shift (earth fixed user equipment)
	24 ppm (600km)
21ppm(1200km) 



For example of 2GHz carrier, the max. Doppler shift of a LEO satellite can be up to +/- 48kHz. In addition, as shown in Figure 1, the Doppler of the serving satellite and the neighbouring satellite maybe with different signs (e.g. the serving satellite is leaving the UE while the neighboring cell is approaching to the UE), and it leads up to ~ 100kHz frequency separation between the serving cell and the neighboring cell, as shown in Figure 2. In other words, if two satellites are configured in one MO (with the same ARFCN), up to 100kHz Doppler shift can be observed. 
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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 1: Up to 100kHz Doppler shift between serving satellite and neighboring satellite at 2GHz can be observed. 
As a result, because some UEs may not be able to cope with such large Doppler shift and not be able to receive signals from different satellite simultaneously, we suggest the measurement requirements are defined assuming that UE receives signals from one satellite at one time. 
[bookmark: _Ref92609182]Proposal 1: UE is required to receive signals from at least one satellite/measurement cell group at one time. 

As discussed in the last meeting [1], several existing methodologies can be used to avoid receiving signals from different satellite at one time, e.g. 
1. Sharing/scaling factor
2. Scheduling restriction
3. Measurement gap  Issue 3-1-4: Measurement with multiple SMTCs
Agreements:
The following issues will be discussed in the next RAN4 meeting
· Issue 1:
· Determine in which way RAN4 should specify the requirements:
· Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
· Option 2: specify scheduling restrictions to avoid such complexity
· Option 3: measurement gaps are used on the target neighbour cells
· Issue 2:
· FFS on scaling of the measurement period is needed if UE is configured to measure multiple SMTC windows per MO.
· Issue 3:
· Scaling scheme on multi-SMTC for intra-frequency is needed when simultaneous measurement is invalid in case of partial overlapping. But simultaneous measurement in case of partial overlapping shall not be precluded, instead of optional support.
· Issue 5:
· Measurement with Gap-less vs. Gap-based


Our view are provided as follows. For intra-frequency measurement, since UE may not be able to receive the data while performing measurements on other satellites (or measurement cell group) as discussed in Observation 1, thus either measurement gap or scheduling restriction will be needed to cope with the data reception issue. However, we slightly prefer gap-based solution to scheduling restriction, because the serving cell may not have clear idea about the UE receiving timing of other satellites and thus would not know which symbols should be with scheduling restriction. 
[bookmark: _Ref92609124]Observation 2: Serving cell may not have clear idea about the UE receiving timing of other satellites.
[bookmark: _Ref92609197]Proposal 2: Measurement gap is configured for the non-serving satellite measurements. 
However, for gap-based measurement, sharing/scaling scheme is still needed if there are multiple satellites to be measured in one MO, because the Doppler could be large between satellites, as discussed in Observation 1. Thus, the measurement delay should be scaled up by the number of satellite. In addition, if the UE is not required to measure multiple satellites within a SMTC, then the abovementioned number of satellites can be the number of SMTCs. 
[bookmark: _Ref92609217]Proposal 3: Sharing/scaling factor is introduced for the measurements for multiple satellites. I.e. Measurement delay is scaled up by Psat, which is the number of satellites to be measured within gap.  
[bookmark: _Ref92609259]Proposal 4: The number of satellites can be the same as the number of SMTCs, if the UE is not required to measure multiple satellites within a SMTC. 
SIB reading time for acquiring target Cell Information in measurement period
In the last meeting, RAN4 sent LS R4-2120309 [4] to RAN2 for clarifying the parameters of neighbor Cell/Satellite that will be carried in serving cell’s SIB for measurements and handover. Agreements:
· RAN4 to send an LS to RAN2 with cc’ing RAN1 “R4-2120309, LS on NR NTN Neighbor Cell and Satellite Information” as a part outcome of Issue 6-1.

Since those target/neighbor cell information will be broadcasted in serving cell’s SIB, the NTN UE will need to read the SIB from time to time (e.g. every 10 secs) in order to keep the timely information of the cells to be measured, and thus the SIB reading becomes more frequently than in TN. Thus we suggest to allow SIB reading time in the NTN measurement period. Specifically, the SIB reading time, , is proposed to be included in the measurement period, TSSB_measurement_period. 
[bookmark: _Ref85625122]Observation 3: NTN UE needs to read serving cell’s SIB for the target cell information. 
[bookmark: _Ref68096034][bookmark: _Ref78797126]Proposal 5: SIB reading time for the target cell information should be included in the measurement period for NTN neighbouring cell measurements.
Besides, in the LS R4-2120309, it is not very clear whether the neighboring/target cell’s timing delay/drift of feeder links will be included in the Common TA parameters or not. For measurements on the neighboring cell, if the timing delay/drift of feeder links are not provided, then the UE will not be able to know the DL timing of neighboring cell if there is non-zero timing delay/drift of neighbour cells’ feeder link. Thus we suggest the measurement requirement should not apply when the neighboring/target cell’s timing delay/drift of feeder links is not provided but the timing delay/drift is non-zero. 
[bookmark: _Ref92664696]Proposal 6: The measurement requirement does not apply if the neighboring/target cell’s timing delay/drift of feeder links is not provided but the timing delay/drift is non-zero.
NTN measurement capability in CONNECTED mode
The measurements on NTN frequency layers are more complicate than the legacy TN measurements, because UE needs to process neighbour cell’s measurement information, e.g. in order to cope with the fast delay drifting of LEO. Therefore, the NTN measurements cannot be treated as normal NR TN measurements, and hence a NTN-specific measurement capability will need to be specified. 
[bookmark: _Ref78883260]Proposal 7: UE shall be capable of monitoring at least K NTN carriers, where K is TBD. 
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 to the NTN UE. 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. 
Observation 4: The necessity to support TN-NTN in CONNECTED is unclear, and it is not clear how network could configure TN frequency nearby the NTN UE.
[bookmark: _Ref85719291][bookmark: _Ref92715064][bookmark: _GoBack]Proposal 8: Not to define the requirement for TN-NTN mobility in CONNECTED. 
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: Up to 100kHz Doppler shift between serving satellite and neighboring satellite at 2GHz can be observed.
Proposal 1: UE is required to receive signals from at least one satellite/measurement cell group at one time.
Observation 2: Serving cell may not have clear idea about the UE receiving timing of other satellites
Proposal 2: Measurement gap is configured for the non-serving satellite measurements. 
Proposal 3: Sharing/scaling factor is introduced for the measurements for multiple satellites. I.e. Measurement delay is scaled up by Psat, which is the number of satellites to be measured within gap.
Proposal 4: The number of satellites can be the same as the number of SMTCs, if the UE is not required to measure multiple satellites within a SMTC.
Observation 3: NTN UE needs to read serving cell’s SIB for the target cell information.
Proposal 5: SIB reading time for the target cell information should be included in the measurement period for NTN neighbouring cell measurements.
Proposal 6: The measurement requirement does not apply if the neighboring/target cell’s timing delay/drift of feeder links is not provided but the timing delay/drift is non-zero.
Proposal 7: UE shall be capable of monitoring at least K NTN carriers, where K is TBD.
Proposal 8: Not to define the requirement for TN-NTN mobility in CONNECTED.
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