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1. Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined: 9.13.5.2
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.
Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite 



Furthermore it is assumed that the UEs have GNSS support providing the positioning information with the required accuracy to fulfil the timing and frequency requirements set by RAN4.
In this contribution we focus on the impact of GNSS accuracy on the UE requirements. 
2. GNSS inaccuracy and impact on UE requirements
During previous meetings a recurring assumption is that the UE can use its GNSS implementation to, through different options (e.g. time, position), estimate its timing and frequency offsets, and apply corresponding timing advance (TA) and frequency adjustment before the random access preamble transmission. For instance, in RAN1#103-e (see [2]) it was agreed that a UE in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED state, based on its acquired GNSS position and the serving satellite ephemeris, shall at least be capable of UE-specific calculation of the TA and the UL frequency pre-compensation to counter shift the Doppler experienced on the service link. . Further, the agreements from RAN1#104-e also included agreements that rely on the UE utilizing information obtained from GNSS systems [3].
The UE timing estimation and application of TA before random access preamble transmission has the main purpose of minimize the range of timing gaps between UE and gNB in UL, and thus to make it possible for the gNB to read the random access attempt made by the UE, as the gNB is only expected to have a certain observation window for the detection of the potential random access preamble for each RACH occasion (RO). At the same time, the frequency estimation aims at allowing the UE to compensate for the Doppler effect experienced on at least the service link, in order to avoid a large frequency offset of the random access preamble and the rise of inter-carrier/inter-user interference.
Observation 1: The UE GNSS-based time pre-compensation has the main purpose to guarantee that the initial random access attempt falls into the time window for the RACH occasion as defined by the gNB and minimize the interference to adjacent UL time symbols. Frequency pre-compensation shall ensure that the Doppler effect is mitigated so that the preamble can be received without inter-carrier/-user interference.
Given that objectives, the GNSS-based compensation must fulfil certain accuracy levels in order to enable a correct decode of the random access preambles transmitted by the UE. There are several error sources to be considered regarding the accuracy of the GNSS-based estimation of location and/or acquisition of a time/frequency reference, as well as impact of implementation or external factors. These sources include:
1) Lag of the ephemeris information: Inaccuracy provided by the time elapsed between the time the ephemeris info was generated by upper layers and the time it was read by the UE. It is intrinsically related to the fact that frequency ephemeris information is generated by upper layers and broadcasted to users. Even in the cases the UE is aware of the delay, the modelling the satellite movement may lead to errors from numerical approximation. 
2) Precision on the ephemeris data: The precision of the ephemeris is linked to the number of bits used to describe the ephemeris. This is one source of error that is controllable by specifications. 
3) Orbit Perturbation: As described in [5] there are several factors that may interfere to the satellite, causing deviation from the pre-designed orbit. Example: atmospheric drag, solar radiation pressure, Earth oblateness and gravity of other celestial bodies. For LEO satellites, over long periods of time, this may lead to significant displacement of the satellite from the original orbit [6]
4) Ionospheric and Tropospheric Delays: If the GNSS estimated distances are based on position, the UE will be able to estimate the distance travelled by the signal from the UE to the satellite. However, the exact time elapsed for the signal to travel this distance may vary as a consequence of the atmospheric effects. Ionospheric and Tropospheric delays are also a source of inaccuracy for GNSS (item 3 in this list).
5) GNSS inaccuracy: several physical effects such as signal blockage from buildings, signal reflections, (multipath), solar storms, satellite maintenance/manoeuvres etc. may degrade the positioning accuracy provided by GNSS. For example, the official page of GPS describes those factors in [7]. Moreover, the implementation of the GNSS device, hardware design and advanced features as data fusion or consideration of different GNSS sources (GPS, Galileo etc.) influence the finally achievable accuracy.
6) Altitude Modelling: Some GNSS devices utilize the ellipsoid model provided by the WGS 84 model to provide altitude information, which may differ from the actual Earth geoid in several hundreds of m and therefore introduce inaccuracy in the position estimation. 
7) Delay on GNSS-information conversion: Due to the dynamic nature of the system, there will be imprecision caused by the time elapsed between the GNSS information is calculated/acquired by the UE and the actual time it is delivered and used by the UE clock and local oscillator for adjusting of UL transmission.
8) Delay in GNSS-information acquisition: Due to the GNSS subsystem having a latency during start up, the UE may not have the needed and relevant GNSS information readily available when required for initial access.
9) External threats: GNSS is often exposed and vulnerable to various external threats, including radio interference from other sources and jamming, spoofing (modification of the position if the UE), hacking (GNSS safety cannot be guaranteed by 3GPP), availability constraints (GNSS provider turns GNSS operation down or reduces accuracy) etc.

Some of the items listed above may have larger impact whereas the impact of others may be smaller in certain designs. Some errors are caused by physical effects, whereas other errors depend on hardware implementation or can be controlled by specification and system design. Moreover, the impact of some errors depends on whether the UE derives and uses its location or a time/frequency reference from GNSS. Finally, GNSS is a third-party system vulnerable to external threats, which, however, cannot be addressed or resolved by 3GPP.
Observation 2: There are several sources of inaccuracy in acquiring time and frequency synchronization between UE and gNB by using GNSS information: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS acquisition and information conversion at the UE and atmospheric delays.
Therefore the access to the system needs to take these limitations into account and a UE should only be allowed to access the system provided the accuracy is good enough, as indicated by The UE initial transmission timing error, which can be found in [4]. Therefore any UE should only attempt to access the 5G system over NTN for situations where it is absolutely sure that proper time and frequency compensation is applied.
Proposal 1: RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements and potential restrictions of these are not fulfilled.
A GNSS-capable UE will have more than one options to calculate the UE-specific TA. Beyond the option of using GNSS location and satellite ephemeris, the GNSS-equipped UE can obtain a reliable time reference from GNSS, which it can use to drive its own clock and local time reference. By further receiving network time information, e.g. through the referenceTimeInfo-R16 from the gNB, the UE will be able to calculate the TA to be used for RACH preamble transmission with respect to the gNB timing, so that the RACH preamble falls into the predefined time window and can be decoded. Compared to a GNSS location-based solution, this has the benefit that any UE location errors, difference between signaled and actual satellite position, time drifts due to satellite movement or time errors at the satellite will not affect the TA calculation at the UE.
Observation 3: Using referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE will suffer less from the satellite movement and timing errors and can serve as a second source for determining whether the initial transmission timing requirements are fulfilled.
Proposal 2: RAN4 should discuss whether the use of the time provided by referenceTimeInfo-R16 is beneficial to securing that the initial transmission timings are kept by a UE.
3. Conclusion
This contribution has made the following observations and proposals:
Observation 1: The UE GNSS-based time pre-compensation has the main purpose to guarantee that the initial random access attempt falls into the time window for the RACH occasion as defined by the gNB and minimize the interference to adjacent UL time symbols. Frequency pre-compensation shall ensure that the Doppler effect is mitigated so that the preamble can be received without inter-carrier/-user interference.
Observation 2: There are several sources of inaccuracy in acquiring time and frequency synchronization between UE and gNB by using GNSS information: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS acquisition and information conversion at the UE and atmospheric delays.
Proposal 1: RAN4 should discuss how a UE can determine it accuracy from GNSS is accurate enough to fulfil the initial transmission timing error requirements.
Observation 3: Using referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE will suffer less from the satellite movement and timing errors and can serve as a second source for determining whether the initial transmission timing requirements are fulfilled.
Proposal 2: RAN4 should discuss whether the use os the time provided by referenceTimeInfo-R16 is beneficial to securing that the initial transmission timings are kept by a UE.
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