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1	Introduction
In RAN Plenary#95 meeting, it was agreed to address below open issues from exception Sheet in RP-220943. 
· Prediction of discontinuous coverage: 
Address the FFS regarding signalled ephemeris type (FFS if two, three of four types and the details on semantics); Address the FFS whether epoch time could be optional and be implicitly derived when not provided; Address the FFS whether in addition to BCCH provide the option to share the information by dedicated RRC signalling; Address the FFS whether anything need to be specified for AS-NAS interaction while the UE is out of coverage. 
If time allows, address the open issue on an additional parameter for further enhanced spatial coverage prediction (like satellite footprint reference point on ground, satellite coverage radius); Parameters for prediction of discontinuous coverage and handling of the new SIB;
· GNSS Position Validity: Address Signalling details including value range of GNSS position validity remaining time for reporting to the network;
· Location Reporting: Address the FFS on UE location information reporting

In this contribution, we will discuss the issues to support discontinuous coverage and GNSS validity duration reporting.
2	Discussion
2.1	Prediction of discontinuous coverage
· Mean ephemeris
In the previous RAN2 meeting four different types of mean ephemeris was discussed (R2-2203860). The different types have different payload size (22-33 bytes) and will require the UE to use different type-specific orbital propagators to estimate the position of a satellite. To limit the signalling overhead, it seems beneficial to restrict the number of supported ephemeris types to the already agreed instantaneous orbital elements (used for PHY pre-compensation) and one type of mean ephemeris.
Observation 1: Restricting the supported ephemeris types to the instantaneous orbital elements and one type of mean ephemeris limits the signalling overhead.
By limiting to one type of mean ephemeris it is also possible to avoid the specification effort of defining a new UE capability signalling. If more than one type of mean ephemeris is supported, the UE would need to signal which type(s) it supports (due to the use of different propagators) and the network would need to react by providing the relevant ephemeris type(s). This is difficult, because the network will not know in which cell a certain RRC Idle UE currently is. 
Furthermore, if only one type of mean ephemeris is supported the network does not need to indicate the ephemeris type in the NTN SIB.
Observation 2: Supporting only one type of mean ephemeris has the advantage that new UE capability signalling in terms of the supported orbital propagator(s) is avoided.  Furthermore, there will be no need to indicate “ephemeris type” in NTN SIB.
Since most of the proposed mean ephemeris types have similar prediction accuracy (in the order of days) it may be beneficial to select the type, which has the smallest payload size i.e. either the type 2a, 2b, or 3 of R2-2203860.
Observation 3: The proposed mean ephemeris types have similar prediction accuracy and thus the one with the smallest payload size is preferred.
Proposal 1: RAN2 to specify support of instantaneous orbital elements and one type of mean ephemeris with smallest payload size.
The availability of the mean ephemeris information will also be useful to implicitly indicate to a UE that the network is supporting (and operating with) discontinuous coverage. Thus, there is no need for explicit indication per PLMN via SIB as discussed in the previous RAN2 meeting.
Observation 4: The availability of mean ephemeris information is an implicit indication to the UE that the network supports discontinuous coverage.
· Epoch time
In the previous RAN2 meeting it was discussed whether the Epoch time of assistance information (i.e. serving satellite ephemeris and common TA parameters) in the NTN SIB can be implicitly derived by the UE. Currently the explicit indication of Epoch time is possible, but it requires additional bits in the NTN SIB.
It is worth noting that in the addition to the UE not being able to assume the NTN SIB is constant across SI windows, the network will also not necessarily update the assistance information for every SI window (being in the range 160-1600 ms for NB-IoT). There are multiple reasons for this including the fact that the ephemeris will be provided from the satellite control center and that it may not be delivered with sufficient granularity to warrant such frequent updates. Furthermore, according to R2-2203860 the ephemeris can be valid for days or weeks and thus there is no need to update the information on a second-basis.
This means the UE cannot use the start or end of an SI window as an implicit indication of the Epoch time, because the NTN SIB of the SI window may not have been updated since the previous SI window, where the network may consider the Epoch to be started. Thus, implicit signalling of the Epoch time does not work as illustrated in Figure 1. 
Observation 5: Implicit indication of the Epoch time of assistance information in NTN SIB does not work, because the assistance information may not necessarily be updated every SI window.
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[bookmark: _Ref101447793]Figure 1 Implicit Epoch time indication issue.
Therefore, only explicit signalling of Epoch time shall be specified for IoT NTN. Note, the same line of arguments is valid for NR NTN.
Proposal 2: Only explicit signalling of Epoch time for assistance information shall be specified for IoT NTN.
· Dedicated RRC signalling
In the previous RAN2 meeting there was a discussion on whether the satellite assistance information can be provided via dedicated RRC signalling in addition to the broadcast in NTN SIB.
In order to receive such dedicated signalling, the UE would have to become RRC Connected. In practice, the UE may have to setup the RRC connection more frequently than what is actually needed, when considering the UE’s traffic profile. Therefore, there is no need to specify dedicated RRC signalling of satellite assistance information in release 17.
Proposal 3: Dedicated RRC signalling of satellite assistance information is not specified in release 17, but may be considered for future releases.
· AS-NAS interaction
It has been discussed whether there is need for specification of UE AS-NAS interaction, when the UE is out of coverage, e.g. in the discontinuous coverage scenario. According to our understanding this AS-NAS interaction can be handled by UE implementation and thus no specification effort is needed in release 17.
Proposal 4: AS-NAS interaction, when the UE is out of coverage, can be addressed by UE implementation. It can be further discussed in a later release.
· Additional parameters for coverage prediction
Previously, it has been discussed by RAN2 whether it is necessary to specify additional parameters for coverage prediction (in addition to the ephemeris). 
For earth-moving cells the elevation angle or satellite coverage radius can be useful for the UE to predict the coverage. Either of those parameters would define a circle on Earth corresponding to the radio coverage. This is under the assumption that the reference point for the satellite coverage is at Nadir, which will allow the UE to determine the reference point based on the ephemeris.
Observation 6: The satellite coverage reference point for earth-moving cells is assumed to be Nadir.
[bookmark: _Hlk101512917]Proposal 5: Specify elevation angle or satellite coverage radius information for coverage prediction of earth-moving cells.
For earth-fixed cell the cell reference point and the cell coverage radius can be useful the UE. For earth-fixed cells it is not feasible to use satellite coverage radius, because the satellite may use spot beams to e.g., provide coverage at islands in an ocean. Furthermore, the UE should be aware of when an earth-fixed cell will start and stop providing coverage around a specific cell reference point.
Proposal 6: Specify cell coverage radius and cell reference point information for coverage prediction of earth-fixed cells.
· Provisioning of parameters for coverage prediction
Based on the RAN2 discussions it is likely that the network needs to provide at least two types of ephemeris data and additional parameters (cell/satellite coverage radius etc.) for UE coverage prediction.
Considering the NB-IoT maximum SIB size of 85 bytes (117 bytes for eMTC) it will be challenging to accommodate all the relevant information in one SIB transmission. As noted in R2-2203860 the instantaneous orbital elements (concerning the serving cell satellite) require 18 bytes, while the mean ephemeris require 22-33 bytes. 
Thus, if the satellite assistance information is composed of the instantaneous orbital elements and two sets of mean ephemeris there may be as little as 85 bytes – 18 bytes – 2*33 bytes = 1 byte left for remaining additional parameters. Two sets of mean ephemeris will correspond to two different orbits. It may be relevant for a UE to be aware of multiple orbits in the discontinuous coverage scenario due to the challenging combination of a low number of satellites per orbit and impact of Earth rotation on the time until a satellite revisits the same area on Earth.
Observation 7: The NB-IoT NTN SIB will not have room for more than 1 byte of additional parameters if the instantaneous orbital elements and two sets of mean ephemeris are included.
Furthermore, it is worth noting that UEs have different device and traffic profiles requiring them to be active at different points in time. Therefore, there may be a need for the satellite assistance information to contain multiple satellite ephemeris sets defining coverage at a wide range of time instances. Thus, it is evident that each individual UE may only be interested in a subset of the ephemeris, which fits the time schedule where the UE expects to be connected.
Observation 8: Each UE may only need a subset of the satellite ephemeris sets depending on the device and traffic profile.
With current SIB provisioning means the UE will have to receive the entire NTN SIB to obtain the target subset(s) of ephemeris. This impacts the total time the UE is ON with no benefit for the UE. If the network intends to provide information on many satellites it could also be difficult for the network to provide the information without exceeding the SIB size limitations discussed above.
One alternative method, which could be considered by RAN2 is to split the signalling of ephemeris into segments, such that the NTN ephemeris SIB at one transmission occasion (recall SIB is repeated with a certain periodicity) covers one subset of the ephemeris and at the next occasion another subset. Therefore, the network can first determine future coverage opportunities for a number of satellites in the time domain and then segment the ephemeris such that the first segment contains information for coverage in the interval 0-T, the next segment T-2T and so forth. If the network provides the mapping between transmission occasions and ephemeris subsets the UE is able to selectively receive only the subset it needs, and the network is able to provide ephemeris information on more satellites. Figure 2 provides an example of how ephemeris for different satellites can be split into different SIB occasions.
Proposal 7: RAN2 to discuss how a UE can read only a subset of the NTN SIB, when the NTN SIB has different ephemeris content at different occasions.
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[bookmark: _Ref101514844]Figure 2 Example of segmentation of satellite ephemeris into SIB transmission occasions.

2.2	GNSS Position Validity
It has been agreed in RAN2-117e meeting that, UE will report the remaining GNSS validity duration to the network as RAN1 agreement. However, the signalling details such as the value range and in which message the information should be included are still open.
	P2: RAN2 will follow the RAN1 agreement that UE will report the remaining GNSS validity duration to the network. FFS: value range (not clear if the values of RAN1 agreement can be used). FFS which message. 



For the value range, RAN1 agreed a list of value start from 10 seconds to infinity. 
	Agreement:
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}



We understand the value infinity can be used for stationary UE. However, for the very lower value such 10 seconds, 20 seconds, company have doubt since it will be challenging for the NW to complete the data transmission with huge repetitions, especially for NB-IoT. While if the UE is moving, we think the lower GNSS validity duration may also need to be supported.  
For example, with the UE movement, the aging GNSS location may cause TA estimation error.  To meet RAN4 requirement on transmission timing error (e.g., error threshold Te as defined in TS 36.133), the GNSS validity duration should be configured to a proper value which the TA estimation error is less than the Te threshold. As illustrated in Figure3 below, in the worst-case scenario (10⁰ elevation angle), the timing accuracy requirement corresponds to 126 meter and 38 meter UE location error respectively for NB-IoT (Te = 80 Ts) and eMTC (Te = 24 Ts). 
For a moving UE, it can easily move 126 m or 38 m in 10 seconds. For example, if UE is on a truck moving with 80 km/h (about 22 m/s) it would take less than 6 seconds to violate the requirement.
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Figure 3: TA error caused by UE movement
Observation 9: The lower GNSS validity duration values should be supported to handle the case of UE movement.
Furthermore, RAN1 also indicates the RRC message should be used to support the GNSS validity duration reporting. Regarding in which RRC message the UE should report the GNSS validity duration, companies provided some options in contributions. E.g., in new RRC message, UEAssistanceInformation or RRCConnectionSetupComplete, RRCConnectionResumeComplete messages. Since the UEAssistanceInformation message is used for the indication of UE assistance information to the eNB, we think it is a simple solution to include GNSS validity duration in this message.
Proposal 8: UE reports the GNSS valid duration information to network in the UEAssistanceInformation message with the value range defined by RAN1.
3	Conclusion
This document has made the following observations:
Observation 1: Restricting the supported ephemeris types to the instantaneous orbital elements and one type of mean ephemeris limits the signalling overhead.
Observation 2: Supporting only one type of mean ephemeris has the advantage that new UE capability signalling in terms of the supported orbital propagator(s) is avoided.  Furthermore, there will be no need to indicate “ephemeris type” in NTN SIB.
Observation 3: The proposed mean ephemeris types have similar prediction accuracy and thus the one with the smallest payload size is preferred.
Observation 4: The availability of mean ephemeris information is an implicit indication to the UE that the network supports discontinuous coverage.
Observation 5: Implicit indication of the Epoch time of assistance information in NTN SIB does not work, because the assistance information may not necessarily be updated every SI window.
Observation 6: The satellite coverage reference point for earth-moving cells is assumed to be Nadir.
Observation 7: The NB-IoT NTN SIB will not have room for more than 1 byte of additional parameters if the instantaneous orbital elements and two sets of mean ephemeris are included.
Observation 8: Each UE may only need a subset of the satellite ephemeris sets depending on the device and traffic profile.
Observation 9: The lower GNSS validity duration values should be supported to handle the case of UE movement.
And proposed the following:
Proposal 1: RAN2 to specify support of instantaneous orbital elements and one type of mean ephemeris with smallest payload size.
Proposal 2: Only explicit signalling of Epoch time for assistance information shall be specified for IoT NTN.
Proposal 3: Dedicated RRC signalling of satellite assistance information is not specified in release 17, but may be considered for future releases.
Proposal 4: AS-NAS interaction, when the UE is out of coverage, can be addressed by UE implementation. It can be further discussed in a later release.
Proposal 5: Specify elevation angle or satellite coverage radius information for coverage prediction of earth-moving cells.
Proposal 6: Specify cell coverage radius and cell reference point information for coverage prediction of earth-fixed cells.
Proposal 7: RAN2 to discuss how a UE can read only a subset of the NTN SIB, when the NTN SIB has different ephemeris content at different occasions.
Proposal 8: UE reports the GNSS valid duration information to network in the UEAssistanceInformation message with the value range defined by RAN1.
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