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Introduction
The general issues for NTN RRM requirements are discussed in RAN4#98-e, and the outcomes are captured in the agreed WF [1]. Based on our understanding, RAN4 should further discuss the following general issues for NTN RRM:
· RP for time and frequency 
· GNSS requirements 
· PVT assumption 
· Frequency sync requirements
· Beam management requirements 
In this paper we will provide our views on the above open issues for NTN RRM.
Discussion
RP for time and frequency 
	Sub-topic 1-1: RP to be considered for time and frequency synchronization
· Issue 1-1: Send information LS to RAN1
· Defer the LS. Further discuss the impacts of different reference points on RRM requirements and inform RAN1 in case any common observations are identified.
· Issue 1-2: Possibility of using satellite and gNB as time and frequency reference
· Further investigate the impact of different timing and frequency reference points based on RAN1 design on the RRM requirements. Inform RAN1 if any issues are identified.


In RAN4#98-e, some companies suggested to send LS to RAN1 regarding the Reference Point for Time and Frequency synchronization [2]. The observations in [2] are mainly about 
· The DL-UL delay and Doppler shift experienced by the gNB in UL
· Impact on standardization and gNB implementation from different RP definitions
· Information to be signaled to UE to enable RP at gNB
In our view, the definition of RP for time and frequency sync is mainly RAN1 issue, and from RAN4 RRM requirements point of view, there is not much impact, i.e. most likely the same requirement could apply regardless of whether the RP is placed at the gNB or satellite side. 
On the other hand, where to place the RP does have impact on the gNB implementation, so RAN4 can consider to send LS to RAN1 in this regards. Specifically, we share the same observation as [2] about the time varying DL-UL delay if the time sync RP is placed at satellite, which may prevent re-using the existing gNB implementation for NTN.
For the time varying Doppler shift, we do not think it would impact gNB implementation, since the gNB today may already need to handle the time varying Doppler shift from UE, e.g. in HST scenarios. We also do not see it relevant to RAN4 what information to signal to UE when RP is placed at gNB, e.g. whether the GW location or the delay on the feeder link should be broadcasted to UE. This should have no impact the gNB implementation.  
Based on above, we have the following proposal.
Proposal 1: RAN4 can consider to send LS to RAN1 regarding the observed implementation impact of the DL-UL delay depending on the RP for time synchronization.
GNSS requirements 
GNSS usage
	· Issue 2-1: Definition of GNSS requirements
· Requirements shall be defined with on-board GNSS as the baseline. FFS on how to handle satellites/HAPS without on-board GNSS


In our view, other WGs have already taken the assumption that the ephemeris of the satellite/HAPS will be made available to the UE. For example, in RAN1 it is agreed that UE should support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris. In RAN2 it is agreed that Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN.
Therefore, RAN4 should also take the assumption that ephemeris of the satellite/HAPS is made available to UE when defining the RRM requirements. What matters to RAN4 requirements is the accuracy of the ephemeris but not whether the satellite or HAPS has on-board GNSS or not, so we suggest RAN4 not to further discuss the issue.
Proposal 2: RAN4 assumes that ephemeris of the satellite/HAPS is made available to UE in defining the RRM requirements. No further discussion on whether the satellite or HAPS has on-board GNSS.
GNSS accuracy
	· Issue 2-2: Impact of GNSS accuracy on RRM requirements
· RRM requirements can be assumed to be impacted by GNSS accuracy. Degree of impact and specific RRM requirements that are impacted are FFS.
· Issue 2-3: GNSS accuracy requirements
· GNSS accuracy is taken as an assumption to define other requirements. Explicit accuracy requirements are outside the scope of RAN4.
· Issue 2-4: Reference GNSS scenario
· Companies should define typical and worst-case scenarios. FFS which one will be used for defining RRM requirements.


For Issue 2-2, we think at least the UL timing requirements would be impacted by the GNSS accuracy. In addition, the mobility requirements may also be possibly impacted, e.g. the location based measurement.
However, we do not think RAN4 should strive to make a list of impacted requirements. Instead, RAN4 should discuss what RRM requirements should be defined for NTN (the initial list was already agreed under Issue 1-4 in [1]), and when discussing each requirement, RAN4 could check whether and how it is impacted by GNSS accuracy. For example, the GNSS accuracy will be considered in the UL timing requirements. 
Therefore, RAN4 does not need to further discuss Issue 2-2 as a general issue. 
Proposal 3: RAN4 not to identify the list of RRM requirements impacted by GNSS accuracy, but the impact of GNSS accuracy should be considered when defining each requirement. 
For Issue 2-4, many companies supported to use GNSS requirements in 38.171 as the assumption for GNSS accuracy, and the open issue is whether typical and worst-case scenario should be assumed. 
In Table 1, we listed the GNSS accuracy requirements in 38.171.
Table 1: GNSS positioning accuracy requirements in 38.171
	Scenario 
	Description 
	Accuracy (m)

	Nominal
	Nominal accuracy requirement verifies the accuracy of A-GNSS position estimate in ideal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it.
	30/15

	Dynamic range
	The aim of a dynamic range requirement is to ensure that a GNSS receiver performs well when visible satellites have rather different signal levels.
	100/100

	Multi-path
	The purpose of the test case is to verify the receiver's tolerance to multipath while keeping the test setup simple.
	100/100

	Moving 
	The purpose of the test case is to verify the receiver's capability to produce GNSS measurements or location fixes on a regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates.
	100/50


We suggest to take the worst case from Table 1 as the assumption of GNSS accuracy for defining RRM requirements. If we use the nominal requirements, it means the assumption may not hold in non-ideal scenario, which may limit the use cases of NTN. 
One related issue is the frequency/period of the GNSS positioning. It is noted that most of the accuracy requirements in 38.171 are for first fix, while the moving scenario is for periodic positioning update. It can be expected that when NTN UE performs GNSS positioning more frequently, a more accurate positioning estimation can be assumed. On the other hand, the actual frequency of GNSS positioning can be left to UE implementation, as long as UE can meet the RRM requirements defined based on certain accuracy. 
Proposal 4: Take the worst case from 38.171 as the assumption of GNSS accuracy for defining RRM requirements.
PVT assumption 
	· Issue 3-1: NTN PVT Accuracy Aspects
· Postpone discussion until RAN1 has reached a decision


In our understanding, what matters to RRM requirements is how accurate UE can obtain the position and velocity information of a satellite over time, and that assumption could impact e.g. the UL timing requirements or the location based mobility requirements. 
The PVT accuracy will be determined by the format and frequency/period of ephemeris information, which is being discussed in RAN1. Therefore, RAN4 should study the assumption on PVT accuracy for RRM requirements after RAN1 decides on the format and frequency/period of ephemeris information.
Frequency sync requirements
	· Issue 5-1: Will be handled in the RF session
· Issue 5-2: Time/Frequency pre-compensation accuracy requirements
· Tentative agreement: RAN4 to investigate factors that can affect time/frequency pre-compensation accuracy requirements. Specific requirements are FFS


It is a common understanding that the frequency accuracy is an RF requirement and this is agreed for Issue 5-1. In this sense, we do not see the need for RAN4 to define any RRM requirements regarding the frequency pre-compensation accuracy requirements.
On the time pre-compensation accuracy requirements, we understand the pre-compensation is done by UE specific TA calculation, and the requirements for this process is being discussed as part of the UL timing requirements, so we do not see the need to further discuss this as a general issue.
Proposal 5: RAN4 not to further discuss time/frequency pre-compensation accuracy requirements as a general issue.
Beam management requirements 
	· Issue 7-1: RRM requirements for beam switching
· RAN4 is to study the RRM requirements for beam switching once RAN1 has determined the final PCI mapping mechanism for NTN scenario.
· Further clarification and input from RAN1 and RAN2 is necessary, especially on beam/BWP/PCI mapping mechanisms and details.


The beam switching related requirements should be discussed in RAN4 after RAN1 has concluded the procedure, so we do not think there is anything that can be discussed in RAN4 at this stage.
On the other hand, it is noted that in RAN1#104-e, a number of issues were listed for further study.
	Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.


Conclusions
In this paper we provided our views on general issues for NTN RRM.
Proposal 1: RAN4 can consider to send LS to RAN1 regarding the observed implementation impact of the DL-UL delay depending on the RP for time synchronization.
Proposal 2: RAN4 assumes that ephemeris of the satellite/HAPS is made available to UE in defining the RRM requirements. No further discussion on whether the satellite or HAPS has on-board GNSS.
Proposal 3: RAN4 not to identify the list of RRM requirements impacted by GNSS accuracy, but the impact of GNSS accuracy should be considered when defining each requirement. 
Proposal 4: Take the worst case from 38.171 as the assumption of GNSS accuracy for defining RRM requirements.
Proposal 5: RAN4 not to further discuss time/frequency pre-compensation accuracy requirements as a general issue.
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