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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the latest version of the work item description can be found in [1].
In this contribution, we discuss why assistance information needs to be valid before epoch time.
2	Validity of acquired assistance information
2.1	Definition of epoch time
The epoch time is the time reference of the NTN assistance information (satellite ephemeris and common TA parameters). The epoch time of the assistance information can be indicated either as implicit or explicit epoch time. 
At RAN1#107-e, it was agreed that the implicit epoch time is defined as the end of the SI window during which the assistance information is transmitted. The SI window length is configurable by the network and can be between 5 and 1280 slots. Depending on the configured SI window length and when in the SI window the assistance information is received, the epoch time can be from 0 to 1.28 seconds in the future. The SIB19 containing the assistance information can be repeated multiple times within the SI window, and the network cannot control which instance is received. An example with an SI window length of 160 slots (16 radio frames) is shown in Figure 1.
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[bookmark: _Ref114781338]Figure 1: Example of SI window configuration and implicit epoch time.
[bookmark: _Toc118724976]When epoch time is implicitly signaled, the epoch time can be 0 to 1.28 seconds later than when the SIB19 containing the assistance information is sent.
At RAN1#107-e, it was agreed that explicit epoch time is indicated with an SFN and a subframe number. At RAN1#110, the definition of the SFN indicating explicit epoch time was agreed:
Agreement
· For serving cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the current SFN or the next upcoming SFN after the frame where the message indicating the Epoch time is received. 
· For neighbor cell if EpochTime is indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame nearest to the frame where the message indicating the Epoch time is received.


For the serving cell, this allows the network to indicate an explicit epoch time in a range starting in the radio frame in which the assistance information is received and ending 1023 radio frames ahead, i.e., from 0 to 10.24 seconds in the future. This is illustrated by an example in Figure 2.
[image: ]
[bookmark: _Ref114777484]Figure 2: Range of SFN indicating explicit epoch time.
[bookmark: _Toc118724977]When epoch time is explicitly signaled, the epoch time can be from 0 to 10.24 seconds later than when the SIB19 containing the assistance information is sent.
Thus, using either implicit or explicit epoch time, there is support for providing assistance information with an epoch time in the future but not in the past.
2.2	Current specification status
For the support of epoch time in the future to be useful, it has to be assumed that the UE will use the provided assistance information upon acquisition, rather than considering it as invalid until after its epoch time. This is currently not clear from the specifications. TS 38.331 [5] specifies that when SIB19 is received, timer T430 is started at epoch time:
7[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][bookmark: _Toc46480459][bookmark: _Toc100929529]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE shall:
1>	start or restart T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.



TS 38.331 [5] further specifies that UL synchronization is lost when T430 expires, but also that UL synchronization is again obtained as soon as SIB19 is reacquired:
5.2.2.6	T430 expiry
The UE shall:
1>	if T430 for serving cell expires and if in RRC_CONNECTED:
2>	inform lower layers that UL synchronisation is lost;
2>	acquire SIB19 as defined in clause 5.2.2.3.2;
2>	upon successful acquisition of SIB19:
3>	inform lower layers that UL synchronisation is obtained;

TS 38.321 [4] specifies the UE actions when UL synchronization is obtained and lost:
5.2a	Maintenance of UL Synchronization
The MAC entity shall for each Serving Cell:
1>	if an indication of uplink synchronization has been received from upper layers (see clause 5.2.2.6 of TS 38.331 [5]):
2>	allow uplink transmission on the Serving Cell.
1>	if an indication of uplink synchronization loss is received from upper layers:
2>	flush all HARQ buffers;
2>	not perform any uplink transmission on the Serving Cell

Thus, according to the procedure descriptions in TS 38.331 [5] and TS 38.321 [4], the assistance information can be used for UL synchronization (i.e., it is valid) immediately when received in SIB19, but T430 is only started at epoch time.
[bookmark: _Toc118724978]According to the procedure descriptions in TS 38.331 and TS 38.321, the assistance information can be used for UL synchronization (i.e., it is valid) immediately when received in SIB19.
[bookmark: _Toc118724979]According to the procedure descriptions in TS 38.331, T430 is started at epoch time.

However, the description of the parameter ntn-UlSyncValidityDuration in clause 6.3.2 of TS 38.331 [5] implies that the assistance information can be used for a maximum time indicated by the parameter ntn-UlSyncValidityDuration, without having acquired new assistance information:
ntn-UlSyncValidityDuration
A validity duration configured by the network for assistance information (i.e. Serving and/or neighbour satellite ephemeris and Common TA parameters) which indicates the maximum time during which the UE can apply assistance information without having acquired new assistance information.
The unit of ntn-UlSyncValidityDuration is second. Value s5 corresponds to 5 s, value s10 indicate 10 s and so on. This parameter applies to both connected and idle mode UEs. If this field is absent in ntn-Config provided via NTN-NeighCellConfig, the UE uses validity duration from the serving cell assistance information. This field is excluded when determining changes in system information, i.e. changes of ntn-UlSyncValidityDuration should neither result in system information change notifications nor in a modification of valueTag in SIB1. ntn-UlSyncValidityDuration is only updated when at least one of epochTime, ta-Info, ephemerisInfo is updated.

This seems to contradict the procedure description since the total validity period is given by the timer value of T430, which is started at epoch time. On the other hand, the term “without having acquired new assistance information” implies that assistance information remains valid if new assistance information is acquired before timer expiry, i.e., that the assistance information is valid immediately when received.
[bookmark: _Toc118724980]The parameter description of  ntn-UlSyncValidityDuration in clause 6.3.2 of TS 38.331 is ambiguous but seems to contradict the procedure descriptions in clause 5.2.2 of TS 38.331 regarding when the UE shall consider assistance information valid.
2.3	Advantages of assistance information being valid before epoch time
2.3.1	Reduced initial access delay
[bookmark: _Hlk111133008]During initial access, the UE will (typically) not have valid assistance information stored prior to acquiring SIB19. Then, it is essential that the UE is allowed to use the assistance information when acquired, prior to the epoch time since it will otherwise have to suspend its access to the network until the assistance information becomes valid. This may cause unacceptable latency.
[bookmark: _Toc118724981]It is essential that the UE is allowed to use the assistance information prior to the epoch time since a UE performing initial access will otherwise have to suspend its access to the network until the assistance information becomes valid. This may cause unacceptable latency.

2.3.2	Reduced reacquisition rate of SIB19
According to the following observation from Thales [2], the network (NCC) can predict the satellite orbit with high precision several minutes in advance:
"Observation 11: Typical Precision Orbit Determination (initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s) allows Satellite position prediction 60 seconds ahead with max error of 1.47m and 5 minutes ahead with max error of 3.87m"
On the other hand, a UE cannot be required to implement such accurate prediction algorithms due to complexity limitations. E.g., simulations in the same contribution [2] show prediction 45 seconds ahead with a prediction error of 43 meters by the UE. 
Therefore, setting the epoch time in the future can significantly reduce the need for frequent reacquisition of the ephemeris. As shown in the lower part of Figure 3, if the network predicts the ephemeris ahead in time and indicates this ephemeris with an epoch time in the future, the UE can propagate the satellite orbit both backward and forward from this point, and the useful period of the received ephemeris will be significantly longer, compared to when the network indicates ephemeris data with epoch time in the same frame (as illustrated in the upper part of Figure 3). This benefits both network and UE without any significant cost.
[image: ]
[bookmark: _Ref101377010]Figure 3: Illustration of epoch time in the past and in the future, and the impact on the useful period of the ephemeris.
[bookmark: _Toc118724982]If assistance information is valid at acquisition (before the epoch time), the network can indicate ephemeris with an epoch time in the future, and the UE can propagate the satellite orbit both backward and forward from this point. The useful period of the received ephemeris will be significantly longer than with an epoch time in the same frame as SIB19. This benefits both network and UE without significant cost.
2.3.3	Reduced update rate of assistance information in SIB19 for GEO
For GEO satellites, the assistance information can be valid for a long time due to the slow movement of the satellite relative to a UE on Earth. Validity timer values of up to 15 minutes are supported. Nevertheless, the SI periodicity of SIB19 should be much shorter, e.g., 640 ms, to avoid UE access latency while waiting for the next broadcast of SIB19. The generation of assistance information in the network is implementations-specific and may involve external nodes (e.g,. a Network Control Center, NCC). To reduce the need for extensive signaling in the network of nearly identical assistance information for each new broadcast of SIB19, the network can repeat the same assistance information for short periods of time. An example is shown in Figure 4, in which the assistance information, with epoch time defined by SFN=1023, is repeated during the maximum period of 10.24 seconds (the SFN range).
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[bookmark: _Ref115187039]Figure 4: Repetition of assistance information with the same explicit epoch time
With repeated assistance information for GEO, the network’s update rate of assistance information can be reduced. Since the validity time of the assistance information will be significantly longer than the repetition period (recall that the validity duration for GEO is in the order of minutes or more while the repetition period is configurable (and no longer than 10.24 seconds)), the impact on the UE’s SIB19 reacquisition rate will be insignificant. However, if the assistance information is not valid before the epoch time, this is not possible since the access delays (while waiting until after the epoch time) would be unacceptable.
[bookmark: _Toc118724983]If assistance information is valid at acquisition (before the epoch time), the assistance information can be repeated for periods up to 10.24 seconds in GEO networks, which will reduce the need for extensive signaling of nearly-identical assistance information within the network.
2.4	Performance of backward propagation of satellite position
To verify that there is no performance issue with backward propagation, simulations have been run. Satellite orbit data from Eutelsat is used. The satellite is in a low earth orbit (LEO) with approximately 537 km altitude. The data gives the satellite position and velocity with 1 second resolution. To get higher time resolution, interpolation is used. Based on the position/velocity data, the UE performs satellite orbit prediction. The position/velocity is first converted to Keplerian orbital format, using the algorithm in [6], and next the simple Keplerian propagator model in [7] is used to predict the satellite position. Prediction in both forward direction and backward direction are performed. The accuracy is shown in Figure 5. It can be seen that the accuracy of backward propagation and forward propagation are the same. It can also be seen that the approximation error of backward prediction for up to 10.24 seconds prediction length (the maximum time by which the epoch time can be ahead of the reception of assistance information) is insignificant.
[bookmark: _Toc118724984]Simulations show that the accuracy of backward propagation and forward propagation of satellite orbit are the same.
[bookmark: _Toc118724985]Simulations show that the approximation error of backward propagation of satellite orbit from an epoch time up to 10.24 seconds ahead of the reception of the satellite ephemeris is insignificant.
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[bookmark: _Ref115214058]Figure 5: Prediction accuracy of forward and backward propagation of satellite position.
2.5	Performance of backward propagation of common TA
The term "backward propagation" is misleading when it comes to common TA since there is no propagation involved. Calculation of common TA is merely calculation of a 2nd degree polynomial.
The accuracy of common TA will not be impacted by the choice of epoch time. Common TA accuracy relies on curve fitting (by the network) of a 2nd degree polynomial to the predicted delay between the reference point RP and the satellite for a given time interval T. The interval length T will impact the common TA accuracy. For a given epoch time , the common delay function can be written as follows:

If a different epoch time  is used (e.g.,  is in the past while  is in the future), this will not change the accuracy during time interval T. The common delay function can equivalently be written as

where ,  and  can be derived from ,  and .
Therefore, the total time the common TA is valid will not be impacted by the epoch time. Since the parameter ntn-UlSyncValidityDuration is defined as the time from epoch time (when the timer T430 is started) until T430 expires (see Figure 6), the parameter value of ntn-UlSyncValidityDuration would depend on the choice of epoch time, but the total validity time (from SIB19 is received until T430 expires) would not.
[image: ]
[bookmark: _Ref118374538]Figure 6: Duration of UL synchronization.

This is verified by simulations. A LEO 600 satellite passes above a UE. The UE acquires new common TA parameters every n seconds, where n is ranging from 5 to 30. The reference point is assumed to be in the gNB. Two different assumptions on epoch time are compared. In the first case, the epoch time coincides with the reception of the common TA parameters. In the second case, the epoch time is 10.24 s ahead (except when the update interval is less than 10.24 seconds, in which case the epoch time is one update interval ahead).
Figure 7 shows the 99th percentile approximation error (during the time the satellite is in coverage, i.e., with an elevation angle ≥30°) versus update interval for the two cases.
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[bookmark: _Ref118311550]Figure 7: Approximation error of common TA.

[bookmark: _Toc111220554][bookmark: _Toc118724986]The accuracy of common TA prediction during a given period is not dependent on the choice of epoch time.
It has been argued that improvement of the accuracy of UE-specific TA is not useful since the accuracy of the common TA is typically worse and therefore limits the validity time. While this is often the case for the prediction algorithms evaluated, these algorithms are implementation-specific. More importantly, the use of common TA is optional, and some networks may prefer to set the reference point in the satellite, in which case the accuracy of the UE-specific TA will set the limit for the validity duration.
[bookmark: _Toc118724987]Improving accuracy (total validity duration) of UE-specific TA is beneficial at least when the reference point is in the satellite. 
2.6	Summary
There are several reasons why assistance information should be valid at acquisition (before epoch time), as discussed in section 2.3. It will reduce initial access delay, reduce the reacquisition rate of SIB19 and, at least for GEO, reduce the update rate of assistance information broadcast. Simulations in section 2.4 show that the accuracy of backward and forward propagation of the satellite orbit are the same and that the approximation error of backward propagation from an epoch time up to 10.24 seconds ahead of the reception of the satellite ephemeris is insignificant. Simulations in section 2.5 show that the accuracy of common TA is not impacted by the choice of epoch time. Analysis in section 2.2 shows that the RAN2 specifications already lean towards that assistance information is valid at acquisition, but parameter descriptions and procedure descriptions in TS 38.331 are not fully consistent. 
Despite this, some companies have been strongly against backward propagation and argue that the problems (delays, transmission gaps, etc.) can be minimized by always setting the epoch time to the current frame or a frame in the near future. While this is possible, it puts restrictions on the configuration on SI window length (when implicit epoch time is used), makes most of the range of explicit epoch time useless, and will result in reduced UE battery life and increased network signaling.
If backward propagation is not acceptable, our second preference is to redefine epoch time to be in the past. This is a clean design that does not already in the first release of NR NTN introduce problems that the network has to mitigate.
Therefore, we put forth the following proposal. 
[bookmark: _Ref111156585][bookmark: _Toc118724988]RAN1 to discuss and select one of the following options:
1) The UE should consider assistance information valid as soon as it is received.
2) Epoch time should be in the past.
  - Implicit epoch time should be defined as the start of the SI window.
  - SFN indicating explicit epoch time refers to the current or last frame with the indicated SFN.
Note that a parallel discussion of this issue is taking place in RAN2 (see e.g. [3]). No impact to RAN1 specifications is expected, but RAN1 should agree on a way forward and coordinate with RAN2.

Conclusion
In the previous sections, we discuss maintenance issues for NR NTN. We made the following observations: 
Observation 1	When epoch time is implicitly signaled, the epoch time can be 0 to 1.28 seconds later than when the SIB19 containing the assistance information is sent.
Observation 2	When epoch time is explicitly signaled, the epoch time can be from 0 to 10.24 seconds later than when the SIB19 containing the assistance information is sent.
Observation 3	According to the procedure descriptions in TS 38.331 and TS 38.321, the assistance information can be used for UL synchronization (i.e., it is valid) immediately when received in SIB19.
Observation 4	According to the procedure descriptions in TS 38.331, T430 is started at epoch time.
Observation 5	The parameter description of  ntn-UlSyncValidityDuration in clause 6.3.2 of TS 38.331 is ambiguous but seems to contradict the procedure descriptions in clause 5.2.2 of TS 38.331 regarding when the UE shall consider assistance information valid.
Observation 6	It is essential that the UE is allowed to use the assistance information prior to the epoch time since a UE performing initial access will otherwise have to suspend its access to the network until the assistance information becomes valid. This may cause unacceptable latency.
Observation 7	If assistance information is valid at acquisition (before the epoch time), the network can indicate ephemeris with an epoch time in the future, and the UE can propagate the satellite orbit both backward and forward from this point. The useful period of the received ephemeris will be significantly longer than with an epoch time in the same frame as SIB19. This benefits both network and UE without significant cost.
Observation 8	If assistance information is valid at acquisition (before the epoch time), the assistance information can be repeated for periods up to 10.24 seconds in GEO networks, which will reduce the need for extensive signaling of nearly-identical assistance information within the network.
Observation 9	Simulations show that the accuracy of backward propagation and forward propagation of satellite orbit are the same.
Observation 10	Simulations show that the approximation error of backward propagation of satellite orbit from an epoch time up to 10.24 seconds ahead of the reception of the satellite ephemeris is insignificant.
Observation 11	The accuracy of common TA prediction during a given period is not dependent on the choice of epoch time.
Observation 12	Improving accuracy (total validity duration) of UE-specific TA is beneficial at least when the reference point is in the satellite.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to discuss and select one of the following options: 1) The UE should consider assistance information valid as soon as it is received. 2) Epoch time should be in the past.   - Implicit epoch time should be defined as the start of the SI window.   - SFN indicating explicit epoch time refers to the current or last frame with the indicated SFN.
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