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1. Introduction
In RAN4#98-e meeting, the general NR NTN RRM requirements were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the general NTN RRM related issues. 
2. Discussion
2.1. General RAN4 RRM NTN related aspects
Issue 1: Possibility of using satellite and gNB as time and frequency reference
Agreement in RAN4#98-e meeting:

· 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.

As we know, the common view of reference point in RAN1 is focusing the technical proposals on the features to be supported in the specs to avoid spending times on synchronization reference point definitions which is more like a question of implementation. For timing reference point, the timing advance formula applied to NR NTN UE in RAN1#104e meeting is suitable for any reference point between satellite and gateway. For frequency reference point, the frequency pre-compensation scheme has not been agreed yet in RAN1, no explicit reference point is an option. So, we propose not to define the reference point for timing reference, further study the frequency RP after RAN1’s final decision about frequency pre-compensation scheme.

Proposal 1: Do not define the timing RP in RAN4, further study the frequency RP after RAN1’s final decision about frequency pre-compensation scheme.
2.2. GNSS requirements
Issue 2: Definition of GNSS requirements

Agreement in RAN4#98-e meeting:

· Requirements shall be defined with on-board GNSS as the baseline. FFS on how to handle satellites/HAPS without on-board GNSS.
The system with on-board GNSS can provide more accurate satellites/HAPS position and velocity information. The on-board GNSS requirements can be defined in PVT accuracy requirements implicitly. As for satellites/HAPS without on-board GNSS, we think it is also necessary to define the requirements for this case. A feasible way is to define two sets of PVT accuracy requirements with and without on-board GNSS respectively. This will introduce more workload, but the test burden will not be increased. We propose to prioritize the requirements with on-board GNSS compared to requirements without on-board GNSS.
Proposal 2: PVT accuracy requirements should consider the on-board GNSS requirements. 
Proposal 3: Define two sets of PVT accuracy requirements with and without on-board GNSS respectively. Prioritize the study of requirements with on-board GNSS requirements.
Issue 3: Impact of GNSS accuracy on RRM requirements.
Agreement in RAN4#98-e meeting:

· RRM requirements can be assumed to be impacted by GNSS accuracy. Degree of impact and specific RRM requirements that are impacted are FFS.
Issue 4: Reference GNSS scenario.
Agreement in RAN4#98-e meeting:

· Companies should define typical and worst-case scenarios. FFS which one will be used for defining RRM requirements.
For issue 3, how much impact of GNSS accuracy on RRM requirements is related to the definition of typical-case GNSS scenario and worst-case GNSS scenario, and which one or both used for defining RRM requirements. In last meeting, most of companies propose TS 38.171 can be a baseline, while the A-GNSS requirements in TS 38.171 define the minimum requirement of UE based and UE assisted FDD or TDD A-GNSS terminals in RRC-CONNECTED mode. We think TS 38.171 can be a baseline at least for terminals in RRC-CONNECTED mode, and whether the related requirements can be applied to terminals in RRC-IDLE and RRC-INACTIVE mode should be further studied.
Considering of all GNSS technical and scenarios in TS 38.171, first we should take UEs support other A-GNSSs than GPS L1 C/A or multiple A-GNSSs which may or may not include GPS L1 C/A as account. The GNSS requirements as stated in Table1 are under worst-case scenarios. In our point of view, the moving scenario and periodic update is the typical scenario in NTN, the corresponding minimum requirements are in Table2. 
Table 1. Minimum requirements for worst-case scenario
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


Table 2. Minimum requirements for typical-case scenario (moving scenario and periodic update)
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	50 m
	2 s


We recommend to study at least worst-case scenario.
Proposal 4: 
· The worst-case scenario should be considered with first priority; the corresponding minimum requirements are as below:
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


· The typical-case scenario can be studied as well, the corresponding minimum requirements are as below:
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	50 m
	2 s


2.3. PVT Satellite precision
Issue 5: NTN PVT Accuracy Aspects

Agreement in RAN4#98-e meeting:

· Postpone discussion until RAN1 has reached a decision
There are some agreements about PVT format in RAN1#104e, we list as follows for reference:

	Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:

· Option 1: Ephemeris format based on satellite position and velocity state vectors

· FFS: Details on state vectors formats 

· FFS: Details on time reference provisioning/format

· Option 2: Ephemeris format based on orbital elements

· FFS: Details on orbital elements formats 

· FFS: Details on time reference provisioning/format

· FFS: Whether down-selection is needed or both options are supported


This issue is still in discussion in RAN1, from our point of view, Option1 and Option2 will have different PVT accuracy requirements. Option1 is the kind of real-time information, which will have higher accuracy. In RAN4, we propose to study Option1 with first priority. As for Option2, it is better to wait for RAN1’s further agreements. 
Propose 5: PVT accuracy requirements should be first studied based on the ephemeris format which includes the satellite position and velocity state vectors. 
2.4. NTN UL frequency synchronization requirement
Issue 6: Time/Frequency pre-compensation accuracy requirements
Tentative agreement in RAN4#98-e meeting:

· RAN4 to investigate factors that can affect time/frequency pre-compensation accuracy requirements. Specific requirements are FFS
In RAN1#103-e and RAN1#104-e meeting, the agreement has been achieved as follows:

	RAN1 #103-e meeting

Agreement 1:
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 2:
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.
RAN1 #104-e meeting
Agreement 3:

RAN1 to further investigate the needs and benefits to support a closed control loop for UL frequency adjustment with GNSS equipped NR NTN UE.


In general, since RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states UE shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation, GNSS accuracy and PVT information accuracy will affect UL frequency pre-compensation accuracy. Besides, if UE and satellites are in movement, then the frequency of reading GNSS information and acquiring PVT information will also have the impact to UL frequency pre-compensation accuracy. Other aspects such as the closed control loop related factors can be studied after RAN1 reach the conclusion.
Proposal 6: At least the following factors will affect time/frequency pre-compensation accuracy requirements:
· The accuracy of GNSS

· PVT information accuracy

· The frequency of reading GNSS information

· The frequency of acquiring PVT information

2.5. RRM requirements for beam switching
Issue 7: RRM requirements for beam switching

Agreement in RAN4#98-e meeting:

· 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.

According to the current PCI mapping progress in RAN1, both Option a and Option b in Figure 1 is supported. In Option a and FRF>1 case, beam switching may result in a BWP switching, and a re-synchronization may be needed. The specific mechanisms of BWP/beam switching have not been completed yet in RAN1, RAN4 should wait for the conclusion of BWP/beam switching scheme.
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Figure 1: PCI mapping mechanism for NTN scenario
3. Conclusion

In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: Do not define the timing RP in RAN4, further study the frequency RP after RAN1’s final decision about frequency pre-compensation scheme.

Proposal 2: PVT accuracy requirements should consider the on-board GNSS requirements. 
Proposal 3: Define two sets of PVT accuracy requirements with and without on-board GNSS respectively. Prioritize the study of requirements with on-board GNSS requirements.
Proposal 4: 
· The worst-case scenario should be considered with first priority; the corresponding minimum requirements are as below:

	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


· The typical-case scenario can be studied as well, the corresponding minimum requirements are as below:
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	50 m
	2 s


Propose 5: PVT accuracy requirements should be first studied based on the ephemeris format which includes the satellite position and velocity state vectors. 
Proposal 6: At least the following factors will affect time/frequency pre-compensation accuracy requirements:

· The accuracy of GNSS

· PVT information accuracy

· The frequency of reading GNSS information

· The frequency of acquiring PVT information
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