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1. Introduction
In RAN#86 plenary meeting, the WID of “Solutions for NR to support non-terrestrial networks (NTN)” has been approved in [1]. And the corresponding UE RRM requirements shall be defined in RAN4.
In this contribution, we would like to provide some initial discussion on RRM impact for NR NTN system and provide our proposals.
2. Cell selection and reselection 
In terrestrial network system, the UEs in RRC_IDLE mode perform the cell reselection based on the measurement of RSRP/RSRQ, as the UE can determine it is near a cell edge due to a clear difference in RSRP as compared to cell center. However, the existing measurement mechanism is not suitable for NTN scenarios due to the unobvious near-far effect, as illustrated in figure 1. UE may suffer frequently ping-pong effect between serving cell and neighbour cell based on existing cell reselection mechanism.


Figure 1: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
Observation 1: The existing cell reselection mechanism defined for TN system is not suitable for NTN system due to the unobvious near-far effect.
RAN2 has some discussion on cell reselection for NTN system in RAN2#111e meeting [2], and the following consensus were made in RAN2:
Agreements in RAN2#111e:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
According to the agreements in RAN2, the satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN system. With the ephemeris information, UE can determine accurately whether it is in the cell edge or in cell center. When UE judges that it is at the cell edge, UE should start to perform the measurement on neighbour for the potential cell reselection. Hence, it is beneficial to introduce UE location based cell selection and reselection for NTN. And the corresponding RRM requirements for satellite/HAPS ephemeris based cell selection and reselection should be defined in RAN4 as long as RAN2 complete the satellite/HAPS ephemeris based cell reselection procedure.
Proposal 1: The RRM requirements for satellite/HAPS ephemeris based cell selection and reselection should be defined in RAN4.
3. Measurement gap 
According to TR38.821 [3], A UE can be served by different types of satellite, e.g. LEO satellite MEO satellite or GEO satellite. The altitude for different types of satellite can be from 600Km to 35768Km, and the propagation delay between different types of satellites can be varied between 4ms and 477.48ms correspondingly. As shown in Figure 2, the UE is serving under a LEO satellite#1, and will be covered by an incoming satellite#2. The UE should perform the neighbour cell measurement under satellite#2 for the mobility purpose. 
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Figure 2: Propagation delay difference between satellites
In TN system, according to the existing measurement gap design in NR, the MGL is consist of SMTC duration and RF tuning time, however the propagation delay between serving cell and neighbour cell is negligible. However, in NTN system, if the measurement gap configuration does not consider the propagation difference, the UE may miss the SSB/CSI-RS symbols in the measurement occasion, and the UE thus may be unable to perform the measurement on neighbour cell, as shown in figure 3. In order to make the measurement gap mechanism useful in NTN system, RAN4 should study the enhancement of measurement gap in NTN.


Figure 3: Measurement gap configuration in NTN system
Proposal 2: RAN4 should study measurement gap enhancement in NTN system.
4. Beam switching
According to the TR38.821, both option a (same PCI for several satellite beams) and option b (one PCI per satellite beam) can be considered in NTN system. A satellite beam can consist of one or more SSB/CSI-RS beams. One cell (PCI) can have maximum of L SSB beams, where L can be 4, 8 or 64 depending on the band. Similar to TN, one or several SSB index can be used per PCI to separate SSB transmission on different beams.
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Figure 4: Options for PCI mapping into satellite beams
In TN system, the same frequency is assumed for beam switching in Rel-15, since all the DL and UL configuration for different beams in one BWP is the same. For typical satellite system, frequency reuse factor is often more than 1, which can reduce the inter-cell interference. Hence, when one beam is leaving and new beam is coming, the UE is required to connect the new beam in new frequency band. And the corresponding delay and interruption requirements should be defined in RAN4.
Proposal 3: RAN4 should define RRM requirements for beam switching in NTN system.
5. Conclusion
In this contribution, we provide some initial discussion on RRM impact for NR NTN system and our observation and proposals are provided as follows:
Observation 1: The existing cell reselection mechanism defined for TN system is not suitable for NTN system due to the unobvious near-far effect.
Proposal 1: The RRM requirements for satellite/HAPS ephemeris based cell selection and reselection should be defined in RAN4.
Proposal 2: RAN4 should study measurement gap enhancement in NTN system.
Proposal 3: RAN4 should define RRM requirements for beam switching in NTN system.
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