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Introduction
General issues for NTN RRM requirements were discussed in RAN4#98-bis-e, and the outcomes are captured in [1]. Based on our understanding, RAN4 needs to further discuss the GNSS related requirements as GNSS is assumed to be used in some procedure in NTN system.
In this paper we will provide our views on the GNSS related requirements as assumptions for defining NTN RRM requirements.
Discussion
	· Issue 2-4: Criteria of GNSS accuracy
· The impact of GNSS accuracy should be considered when defining each RRM requirement
· GNSS accuracy (e.g. as a function of UE GNSS capability) and side conditions and exact impact on the RRM requirements are FFS.
· GNSS accuracy enhancements are out of scope 
· Issue 2-6: Impact of time to first fix/time to subsequent fix on RRM requirements
· RAN4 shall figure out the accuracy or response time difference between TTFF and TTFS before concluding this issue. The impact on specific RRM requirements and respective scenarios is FFS.
· Issue 2-8: Reference GNSS scenario
· Typical and worst-case scenario parameters are FFS. For worst-case parameters, the following minimum requirements can be used as starting point:
	 System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


· FFS how much total timing error budget the UE can consume
· FFS on how to narrow down from 3GPP spec such as 38.171 to avoid extensive discussion


We understand defining or enhancing GNSS related requirements for NTN is out of scope the NTN WI as agreed in [1] under Issue 2-4, but instead RAN4 could discuss GNSS related requirements as assumptions for NTN RRM requirements. As 38.171 is the only 3GPP spec that specifies GNSS requirements, we suggest to take it as the baseline for defining NTN RRM requirements. 
Proposal 1: Take GNSS requirements in 38171 as the baseline for defining NTN RRM requirements.
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


GNSS accuracy is quite scenario dependent, e.g. in outdoor open space scenarios with good satellite signal strength, the accuracy can be as low as a few meters, while the accuracy degrades in scenarios with weak satellite signal, blockage and multi-path propagation, and sometimes the accuracy can be up to several hundred meters or it may even not work at all. 
Therefore, we suggest to consider multiple sets of GNSS accuracies as assumptions for RRM requirements, with respective side conditions. For example, a good accuracy like 15m can be assumed based on conditions in clause 6.2 of 38.171 (for nominal accuracy), while a worse accuracy like 100m is assumed in other conditions in clause 6.3~6.5 of 38.171. Other accuracy and respective condition can be also considered if needed and proved reasonable.
Proposal 2: RAN4 to consider multiple sets of GNSS accuracies as assumptions for defining RRM requirements. At least the following two sets are considered
· Set#1: accuracy 15m, based on conditions in clause 6.2 of 38.171
· Set#2: accuracy 100m, based on conditions in clause 6.3~6.5 of 38.171
The applicability of different sets of accuracies is another issue to discuss. In RAN4#98-bis-e, some companies proposed that different accuracies may be assumed for different RRM requirements. We think this is a valid point. So far, we can foresee that at least two types of RRM requirements will be based on certain assumptions on GNSS accuracy:
One type of requirements is timing related. RAN1 has agreed UE self-estimated TA to pre-compensate for the service link delay () will be part of the TA in NTN UL, and RAN4 has been discussing how to account the inaccuracy of UE self-estimated TA in the timing related requirements. RAN1 has agreed that UE self-estimated TA will be based on GNSS-acquired position and the serving satellite ephemeris, which means the accuracy of UE self-estimated TA will be based on certain assumptions of GNSS accuracy. 
For this type of requirements it is more reasonable to use GNSS accuracy assumption set#1. The current Te requirement is copied below, and if set#2 assumption is used, the total timing error of NTN UL will have to be relaxed by 10Ts (100m divided by speed of light) due to GNSS inaccuracy. It will have a big impact on the UL performance. Of course, using set#1 means the timing accuracy requirements will be applicable only when UE is in good GNSS side conditions. This is not perfect but should be acceptable considering the typical use cases of NTN system. 
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Another type of requirement is mobility related. RAN2 has been discussing measurement or mobility procedures (reselection and CHO) based on UE location. 
For this type of requirements it is more reasonable to use GNSS accuracy assumption set#2. Considering the typical deployment scenario of NTN (large cell size), an accuracy of 100m should be tolerable for NTN mobility. It will also broaden the applicability of the NTN mobility requirements, i.e. the NTN mobility can work even when UE is not in good GNSS condition.
Proposal 3: RAN4 to consider using different GNSS accuracy assumptions for different RRM requirements. 
Besides accuracy, the time to fix was also discussed by some companies during RAN4#98-bis-e. In 38.171 the TTFF is defined together with the accuracy. The TTSF or the frequency/rate of fixing after the first fix is not defined in 38.171, but in general a shorter time can be expected. 
In our view, it is a bit unclear whether RAN4 needs to define assumptions on delay or frequency of GNSS fix for defining RRM requirements. So far, we think what is relevant for the two types of RRM requirements (timing and mobility) is the GNSS accuracy, and how fast or how frequent UE performs GNSS fix can be left to UE GNSS implementation, as long as UE can meet the RRM requirements defined based on certain GNSS accuracies.
Proposal 4: RAN4 to further discuss the need to define assumptions on delay or frequency of GNSS fix for defining RRM requirements.
Conclusions
In this paper we provided our initial views on GNSS related requirements as assumptions for defining NTN RRM requirements.
Proposal 1: Take GNSS requirements in 38171 as the baseline for defining NTN RRM requirements.
Proposal 2: RAN4 to consider multiple sets of GNSS accuracies as assumptions for defining RRM requirements. At least the following two sets are considered
· Set#1: accuracy 15m, based on conditions in clause 6.2 of 38.171
· Set#2: accuracy 100m, based on conditions in clause 6.3~6.5 of 38.171
Proposal 3: RAN4 to consider using different GNSS accuracy assumptions for different RRM requirements. 
Proposal 4: RAN4 to further discuss the need to define assumptions on delay or frequency of GNSS fix for defining RRM requirements.
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