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1	Introduction
In RAN4#98-e a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop some of the topics in the WF.
2	Discussion
2.1	GNSS measurements during NTN operation
The following was agreed for NTN RRM requirements:
	· Proposal: RAN4 shall consider requirements for A-GNSS in 38.171 as a starting point when defining requirements for further RRM procedures based on UE position. RAN4 needs to verify if existing A-GNSS requirements are sufficient for position/location based new procedures introduced by other working groups, if any, considering the impact that positioning will have on the further RRM requirements which assume knowledge of UE position. FFS on whether/how to consider following aspects:
· update period and accuracy of satellite/HAPS PVT
· lossy compression of PVT information
· time/frequency error propagation from feeder link(s)



Naturally RAN4 needs to define requirements which Ensure that the relevant system needs (e.g. PRACH timing after handover) are met if based on position derived from periodic GNSS measurements.
In other words, the usual tradeoffs in RAN4 apply, but we need to be particularly careful about GNSS measurements, as many other RRM functionalities can be expected to be derived from GNSS position in the NTN capable UE.
Since the accuracy of the positioning fix will have direct impact to other radio operations such as the probability of detecting a neighbor cell correctly and Timing Advance, it will be necessary to consider whether existing A-GNSS requirements such as those in TS 38.171 are sufficient for the NTN operation use case. 38.171 provides the following requirement on positioning measurement accuracy
	The minimum performance requirements specified in clause 5 apply for UEs that support A-GPS L1 C/A only. The requirements for UEs that support other or additional A-GNSSs are specified in clause 6.
…
5.2.1	Minimum requirements (nominal accuracy)
The position estimates shall meet the accuracy and response time requirements in Table 5.6.
Table 5.6: Minimum requirements
	Success rate
	2-D position error
	Max response time

	95 %
	30 m
	20 s


…
The minimum performance requirements specified in clause 6 apply for UEs that support other A-GNSSs than GPS L1 C/A, or multiple A-GNSSs which may or may not include GPS L1 C/A. The requirements for UEs that support A-GPS L1 C/A only are specified in clause 5.
…
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The position estimates shall meet the accuracy and response time requirements in Table 6.9.
Table 6.9: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s






2-D position error of 15m or 30m will not directly correspond to a 15m or 30m error in the estimated propagation path between the UE and the satellite due to the geometry of the satellite (e.g. if it is directly overhead versus low on the horizon). But, the 2-D position error can be regarded as a typical case as reference. 
Since a 15 or 30m difference in propagation path length (depending on UE capabilities) corresponds to around 0.05us or 0.1µs offset at propagation path , this gives an order of magnitude estimate of the impact of a positioning error to a timing estimate based entirely on the estimated position.
According to RAN1’s agreement, the UE specific TA is calculated based on UE’s GNSS-acquired position and the serving satellite ephemeris. Of more concern might be the 20s response time, since many time critical RRM procedures such as handover could not afford a 20s delay before being actioned.
The final Timing Advance adjustment accuracy is subject to the mechanisms for Timing Advanced selected, but current TS 38.133 section 7.3.2.2 can give a baseline to work from:
[bookmark: _Ref53479233][bookmark: _Hlk54186680]Table 5: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [3])
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



We get the same inversely proportional scaling (in a broad sense) between SCS and the required UE Timing Advance adjustment accuracy in Table 5. This is because of the same reasons as stated in Section 2.3.1. We need to control inaccuracies to maintain CP intact, since the CP is needed to handle the multipath delay of the large NTN cell.
For the case of SCS = 15 kHz, the UE Timing Advance adjustment accuracy is ±256 Tc , ± 1/4 of TA adjustment step, which is 0.13µs. This gives an indication of the uncertainties involved. Compared with 2 times of 0.05us or 0.1µs derived by GNSS, essentially, current GNSS accuracy can meet TA calculation requirement. But error introduced by propagation between gateway and satellite which belongs to common TA has not taken into account, also TA margin and other TA estimation uncertainties haven’t agreed yet. 
Observation 1: Requirement of UE specific TA isn’t defined specifically now. it implies no clear evaluation criteria of GNSS accuracy for impact Timing Advance. We assume total Timing Advance achieved is based on GNSS accuracy.
Proposal 1: Criteria of GNSS accuracy must be more stringent than current TA accuracy requirement anyhow. Further evaluation of GNSS needs calculation with available satellite speed and elevation/azimuth angle and UE position in cell and needs to take error introduced between satellite and gateway into account. 
Another typical issue related with GNSS accuracy is location-based CHO. Compared with Satellite beam diameter (Table 6.1.1.1 in 38.211), position error derived by GNSS isn’t critical. 
Proposal 2: GNSS accuracy for location-based CHO need to be checked after location-based CHO is clear in RAN2. 
RRM requirements apply when the UE does not have a valid fix and 20s is a response time for time to first fix (TTFF) which is not relevant for the case where UE already has an estimated position and is performing position tracking measurements with GNSS which is the likely case in most RRM requirements after initial acquisition. Of more relevance in RRM would be time to subsequent fix (TTSF) and corresponding accuracy/success rate. 
Proposal 3: It is recommended to separate time to first fix (TTFF) and time to subsequent fix (TTSF) of GNSS signal impact to RRM requirements. 20s in TTFF is only defined as addition for initialization/ramp up. 
The achievable TTSF delay and accuracy depend both on the fundamental GNSS signal characteristics and on the UE measurement rate, which has a strong impact on UE power consumption. 
In NTN, the radial velocity between the satellite and UE location can reach significant values especially in NGSO scenarios. As a consequence, the propagation delay changes quickly. 
Here consider possible approaches to evaluate GNSS measurement periodicity:
1. In the period, TA drift doesn’t exceed Te 
For FR1, 15KHz SCS, Te =±768Tc,  
In case of LEO transparent payload at 600Km for example the maximum NTN GW-UE delay variation as seen by the UE can be up to +/- 40 µs/s: the period is (0.39/2)/40=0.0058s=5.8ms.
2. In the period, TA drift doesn’t exceed Timing Advance adjustment accuracy 
For FR1, Timing Advance adjustment accuracy =±256 Tc
In case of LEO transparent payload at 600Km for example the maximum NTN GW-UE delay variation as seen by the UE can be up to +/- 40 µs/s: the period is (0.13/2)/40=0.0018s=1.8ms.
Proposal 4: Measurement period needs to further study with assumption of securing Timing Advance in proper scope: 1: Te ; 2: Timing Advance adjustment accuracy.  Further evaluation of GNSS needs calculation with available satellite speed and elevation/azimuth angle and UE position in cell and needs to take error introduced between satellite and gateway into account.
Due to the necessity to acquire and keep track of UE position when the UE is operating with NTN, the UE will need to make frequent positioning measurements. Based on the frequency of positioning measurement any possible measurement gap or allowed interruption would have a significant impact on NR communication, meanwhile, based on our understanding, should not be necessary. 
Hence, we propose No interruptions or measurement gaps are allowed for GNSS measurements during NTN operation.
Proposal 5: It is feasible to receive GNSS positioning signals without any measurement gap or interruption in 3GPP radio reception or transmission. 

2.2	 measurement and mobility 
The following was agreed for NTN RRM. 
	· Proposal: RAN4 to discuss measurement and mobility for the following scenarios
· Intra-NTN for both RRC Connected and Idle/Inactive modes with higher priority
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth fixed cells or between earth moving cells
· FFS: whether/which to prioritize
· depending on satellite/cell deployment topologies consider both scenarios where cells are within a satellite and belong to different satellites 
· FFS: between HAPs
· FFS: additional scenarios, e.g. between GEO and LEO
· between NTN and TN for RRC Inactive/Idle modes
(note) not all possible mix of scenarios may be available



Before RAN2 agrees (r)selection and handover, additional scenarios cannot be investigated with unknow focus. 
2.2.1	 Cell (re)selection and CHO
Some discussions of idle mode cell selection and reselection took place in RAN2#111e:
	· Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
…



RAN2 considers existing reselection mechanisms based on priority configurations (which implies SSB based measurements such as SS-RSRP/SS-RSRQ) and that the existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. 
In addition, CHO can be a candidate solution in NTN. In CHO, gNB sends handover commend to UE earlier, and when the handover trigger condition is met UE starts handover execution automatically. In [2]:
	RAN2 is discussing the detailed handover condition, e.g., location or/and  time based CHO. 
1. Proposal 1.1: 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 Timer based CHO execution condition should be introduced for moving cell scenario.
2. Proposal 1.2: 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. 



The following was agreed for NTN RRM:
	· Proposal: For the existing mobility methodologies, RAN4 to study whether the existing requirements can be reused for NTN scenarios, e.g.
· [bookmark: _Hlk67920073]S-criteria based cell (re)selection
· Time- or timer-based CHO
· Proposal: For location-based mobility methodologies, RAN4 to discuss the following when relevant detailed procedures are provided by RAN2
· Cell (re)selection
· CHO



RAN2 still have lots of unfixed issues which have not been agreed, e.g.:
1. It’s unclear that if UE is assumed to be configured with information when candidate target cell is going to start and/or stop serving the area, e.g. ephemeris and time information of current and next satellite, ow to evaluate the accuracy and period needed which should be defined from  RRM perspective.   
2. It’s unclear if allowed time(r) and location based event to be configured with and without RSRP/RSRQ related event, how to evaluate the quality and period needed which should be defined from  RRM perspective.   
Before above unclear issues are fixed in RAN2, it is difficult to investigate the impact to RRM. 
Observation 2:  Before time(r) and location based CHO are fixed in RAN2, it is difficult to discuss ‘time(r)’ and ‘location’ impact to RRM. 
Proposal 6: Current Cell (re)selection and CHO based on RSRP/RSRQ should still be a fundamental requirement in NTN. Current idle/active mobility requirements should be start point without change. 
2	Summary
Observation 1: Requirement of UE specific TA isn’t defined specifically now. it implies no clear evaluation criteria of GNSS accuracy for impact Timing Advance. We assume total Timing Advance achieved is based on GNSS accuracy.
Observation 2:  Before time(r) and location based CHO are fixed in RAN2, it is difficult to discuss ‘time(r)’ and ‘location’ impact to RRM. 
Proposal 1: Criteria of GNSS accuracy must be more stringent than current TA accuracy requirement anyhow. Further evaluation of GNSS needs calculation with available satellite speed and elevation/azimuth angle and UE position in cell and needs to take error introduced between satellite and gateway into account. 
Proposal 2: GNSS accuracy for location-based CHO need to be checked after location-based CHO is clear in RAN2. 
Proposal 3: It is recommended to separate time to first fix (TTFF) and time to subsequent fix (TTSF) of GNSS signal impact to RRM requirements. 20s in TTFF is only defined as addition for initialization/ramp up. 
Proposal 4: Measurement period needs to further study with assumption securing Timing Advance in proper scope: 1: Te ; 2: Timing Advance adjustment accuracy. Further evaluation of GNSS needs calculation with available satellite speed and elevation/azimuth angle and UE position in cell and needs to take error introduced between satellite and gateway into account.
Proposal 5: It is feasible to receive GNSS positioning signals without any measurement gap or interruption in 3GPP radio reception or transmission. 
Proposal 6: Current Cell (re)selection and CHO based on RSRP/RSRQ should still be a fundamental requirement in NTN. Current idle/active mobility requirements should be start point without change. 
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