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Introduction
In RAN#86, a new WID was approved to enable NR to support non-terrestrial networks (NTN) [1]. In RAN4#97, one WF on NTN RRM was approved in [2]. 
In this paper we will provide our view on some general issues for NTN RRM.
Discussion
Scenarios
RRM requirements are highly dependent on the scenarios addressed. As there are many possible scenarios in NTN, it is of high priority for RAN4 to decide the scenarios for which RRM requirements defined, e.g. 
· Frequency band: this will impact the frequency range (FR) considered for RRM. As many RRM requirements are defined differently for FR1 and FR2 (one important difference is that in FR2 UE is assumed to use Rx beams), it is important to understand which FR is considered
· Support of CA and DC: many RRM requirements are defined for CA and DC, so it needs to be decided whether these requirements needs to be studied for NTN. We suggest to RAN4 to first focus on single cell scenario for NTN to establish the basic RRM framework.
· Deployment of cells/beams: this may impact whether the beam related requirements are needed. The deployment of cells/beams can be quite flexible in NTN, e.g. multiple satellite beam footprints can be deployed on the same frequency with same or different PCIs, or they may be deployed on different frequencies with different PCIs. Figure 7.3-1 in 38.821 shows two options for PCI mapping to satellite beams, and for option b there may be no need to define beam management requirement.
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Figure 7.3-1 in 38.821: Options for PCI mapping into satellite beams
· Mobility: this impacts the max Doppler and Doppler variation rate that needs to be considered in link level evaluations. In NTN, both the cells (at least for LEO) and the UE can move, so the time/frequency tracking, cell search and RRM measurement are all subject to large Doppler. If requirements are to be defined for any of the physical layer procedures, the performance may need to be evaluated.
There could be other scenario characteristics to be discussed before RAN4 decides which requirements are needed, but we think above ones need to be clarified at least. 
Proposal 1: RAN4 to clarify the scenarios to be considered for NTN RRM, including but not limited to
· Frequency Range
· Support of CA and DC
· Deployment of cells/beams
· Mobility 
Existing RRM requirements 
RRM requirements for NR assuming TN are defined in 38.133, and RAN4 needs to discuss which of the existing requirements for needed to enable the target scenarios. Also, RAN4 needs to take into account the functionality framework defined by RAN1 and RAN2. Therefore, at the current stage, RAN4 should be a bit cautious in agreeing which existing requirements are applicable NTN and which are not.
On the other hand, we think the requirements listed in the Annex of [1] for information form a good starting point. These include requirements for 
· Basic mobility procedure (cell reselection and HO)
· RRM measurement (delay and accuracy)
· Serving cell related (RA, timing and RLM)
To us those requirements are necessary based on RAN1/RAN2 agreements so far and are applicable for all the possible scenarios considered. Of course, the exact requirements need to be further discussed, e.g. for RAN2 has discussed cell reselection based on satellite ephemeris information and UE GNSS location, and this may need to be reflected and regulated in RAN4 cell reselection requirements.  
Proposal 2: RAN4 to consider defining the NTN RRM requirements for 
· Basic mobility procedure (cell reselection and HO)
· RRM measurement (delay and accuracy)
· Serving cell related (RA, timing and RLM)
Possible New RRM requirements 
As many functionality enhancements are being discussed in RAN1and RAN2 for NTN, new RRM requirements may need to be defined if there are new measurement or new procedure introduced. Based on RAN1 and RAN2 progress so far, some enhancements are based on GNSS time/location. 
For example, in last RAN1 it was agreed 
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


In addition, the following are agreed in last RAN2
	Agreements via email - offline 105:
1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
2. DAPS HO for NTN is de-prioritized in this release.
3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.


In last RAN4 meeting, there were some discussions on whether GNSS time/location accuracy should be considered as an assumption or a requirement.
· If it is taken as an assumption, it means GNSS accuracy will determine the requirements for other procedures, e.g. the accuracy of time/frequency compensation, or the correctness in performing CHO. The exact assumption on GNSS accuracy can be based on commercial products or from existing specification like 38.171.
· If it is taken as a requirement, either explicit or implicit, it means GNSS accuracy will be studied based on what is required to enable satisfactory accuracy of time/frequency compensation, or the correctness in performing CHO.
We think the issue is important to be clarified, as it will impact the way how RRM requirements are defined. 
Proposal 3: RAN4 to discuss whether GNSS accuracy is taken as 
· An assumption to define other requirements, or 
· An implicit or explicit requirements
Conclusions
In this paper we will provide our view on some general issues for NTN RRM.
Proposal 1: RAN4 to clarify the scenarios to be considered for NTN RRM, including but not limited to
· Frequency Range
· Support of CA and DC
· Deployment of cells/beams
· Mobility 
Proposal 2: RAN4 to consider defining the NTN RRM requirements for 
· Basic mobility procedure (cell reselection and HO)
· RRM measurement (delay and accuracy)
· Serving cell related (RA, timing and RLM)
Proposal 3: RAN4 to discuss whether GNSS accuracy is taken as 
· An assumption to define other requirements, or 
· An implicit or explicit requirements
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