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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN plenary #80, a new SI on “solutions evaluation for NR to support Non Terrestrial Network” was approved [1]. The objectives of the SI for Layer 2 and above, and RAN architecture are reported as follows:
· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· [bookmark: OLE_LINK9]Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]

To facilitate mobility management (e.g., handover), physical layer cell measurements are needed. In this contribution, we discuss the necessary cell measurement for efficient mobility management in NTN.

[bookmark: _Ref129681832]Discussion
[bookmark: _Ref167612881]Cell measurement for mobility management in NR
One of the fundamental requirements for mobility management is to identify the cell boundary, such that necessary mobility handling operations can be implemented when UE is about to cross cell boundaries. For this purpose, NR conducts cell measurement based on signal strength, e.g., x-RSRP, x-RSRQ, x-RSSI and x-SINR, where x represents Synchronization Signal (SS) or CSI [2].
· x reference signal received power (x-RSRP) is defined as the linear average over the power
contributions (in [W]) of the resource elements that carry x.
· x reference signal received quality (x-RSRQ) is defined as the ratio of N×x-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
· x Received Signal Strength Indicator (x-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· x signal-to-noise and interference ratio (x-SINR), is defined as the linear average over the
power contribution (in [W]) of the resource elements carrying x signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying x within the same frequency bandwidth.
Specifically, the signal strength based measurement event A3 triggering handover in NR is listed as [3]:
· Event A3 (Neighbour becomes offset better than SpCell)
Mn + Ofn + Ocn – Hys > Mp + Ofp + Ocp + Off
where Mn and Mp are the measurement results of the neighbouring cell and SpCell, respectively, not taking into account any offsets; Ofn and Ofp are the measurement object specific offsets of the reference signal of the neighbour cell and SpCell, respectively (i.e. offsetMO as defined within measObjectNR corresponding to the neighbour cell or SpCell); Ocn and Ofp are the cell specific offsets of the neighbour cell and SpCell, respectively (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the neighbour cell or SpCell), and set to zero if not configured for the neighbour cell or SpCell; Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event); Off is the offset parameter for this event (i.e. a3-Offset as defined within reportConfigNR for this event); Mn, Mp are expressed in dBm in case of RSRP, or in dB in case of RSRQ and RS-SINR.

Observation 1: The cell measurement for NR mobility management (e.g., handover) is executed based on signal strength related parameters.
Cell measurement for mobility management in NTN
The signal strength based measurement is reasonable and efficient for NR since a clear near-far effect is expected in terrestrial networks. As depicted in Figure 1(a), a UE can approximately determine whether it is located in the center or edge of the serving cell by measuring the value of RSRP. However, in the context of NTN as shown in Figure 1(b), the near-far effect is not clearly exhibited within a cell.


Figure 1. A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN  
The unclear near-far effect in NTN is further verified by the path loss value shown in Table 1. For instance, in an NTN with a height of 600km and a cell range of 200km, the difference of free space loss between the cell center and cell edge is only around 0.12dB. Considering a 3dB EIRP difference within a cell due to the antenna pattern, the overall differential signal power within a cell is around 3.12dB. Besides, the typical measured intra-frequency/inter-frequency RSRP accuracy requirements for FR1 under normal condition is ±4.5dB [4]. Therefore, it is very difficult to distinguish where a UE is located in an NTN cell by pure received signal power based measurement. As such, cell boundary determination can be restricted to some extent or even ineffective sometimes. 
Table 1: Path loss in different network scenarios
	Scenarios
	LEO based NTN
	GEO based NTN

	Altitude
	600 km
	1200 km
	35786 km

	Beam footprint size
	200 km
	200 km
	500 km

	Path loss
	Cell center
	154.05 dB
	160.05 dB
	206.74 dB

	
	Cell edge
	154.17 dB
	160.09 dB
	206.75 dB



Observation 2: The near-far effect is not clearly exhibited in NTN compared with terrestrial network.
Furthermore, even though a UE with high sensitivity can determine its relative position with respect to the center of a serving cell by measuring the received signal power, it is still not sufficient for efficient mobility management in NTN. To be specific, as plotted in Figure 2, a UE residing on the dotted circle with a radius of 50km has a same signal strength. For example, the received RSPP of the three points A, B and C is equal.

[bookmark: _Ref421869718] 
Figure 2. An example of different points on a circle inside an NTN cell
However, due to the high mobility of LEO based NTN cell, the residual time required for points A, B and C to cross the cell boundary can be quite different. As seen in Figure 2, the NTN cell diameter is 200km and its movement is indicated by the dashed arrow from the right to the left. Assuming that the speed of the LEO satellite is 7.58km/s. Thus, as shown in Table 2, the residual time for a UE residing in A, B and C to approach the cell boundary is different (i.e., 19.74s, 6.58s and 13.16s, respectively), and so does its mobility management requirement (e.g., preparing time before handover).  
Table 2: Residual time for different points on a circle to cross cell boundary
	Reference points 
	 Distance to cross 
cell boundary 
	 Residual time to cross
 cell boundary

	A
	150 km
	19.74 s

	B
	50 km
	6.58 s 

	C
	100km
	13.16 s



Observation 3: In an LEO based NTN cell, UEs with similar received signal strength can have distinct mobility management requirement.
Combining Observations 2 and 3, RAN1 needs to discuss related physical layer measurements besides traditional signal strength to enhance NTN mobility management in high layers.  
Observation 4: Besides signal strength related physical layer measurements, other measurements can be exploited to enhance network mobility management. 
Furthermore, three reference scenarios (i.e., scenarios A, C2 and D2) from Table 3 can be studied first. Different scenarios have distinct characteristics and thus may call for different measurement parameters. In particular, for scenarios A, measuring signal strength may not work at all due to the very small difference in the received power. On the other hand, for scenarios C2 and D2, the UE and satellite position measurement can be crucial considering the high satellite mobility, and signal strength based measurement may be taken as a second criteria to further improve measurement efficiency. 


Table 3: Reference scenarios (adopted from [5])
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



Observation 5: For different network scenarios (e.g., scenario A, C2 and D2), suitable combination of parameters (e.g., position and signal strength) should be chosen to facilitate efficient cell measurements. 

Conclusions
Based on the discussion in the previous sections, we made the following observations:
Observation 1: The cell measurement for NR mobility management (e.g., handover) is executed based on signal strength related parameters.
Observation 2: The near-far effect is not clearly exhibited in NTN compared with terrestrial network.
Observation 3: In an LEO based NTN cell, UEs with similar received signal strength can have distinct mobility management requirement.
Observation 4: Besides signal strength related physical layer measurements, other measurements can be exploited to enhance network mobility management. 
Observation 5: For different network scenarios (e.g., scenario A, C2 and D2), suitable combination of parameters (e.g., position and signal strength) should be chosen to facilitate efficient cell measurements. 
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