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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 work item description is updated in [1]. An overview of 3GPP non-terrestrial networks can be found in [3] and an overview of state of the art in LEO satellite access can be found in [4].
In this contribution, we discuss two outstanding issues related to NR NTN maintenance:
· Interpretation of SFN indicating epoch time and associated UE behavior
· Support of negative TACommonDriftVariation values for GEO
2	Discussion
2.1	Interpretation of SFN indicating epoch time and associated UE behavior
At RAN1#109-e, there was continued discussion about the interpretation of the SFN indicating explicit epoch time. Specifically, since the SFN wraps around every 1024 frames (10.24 seconds), which radio frame with the indicated SFN that defines the epoch time. There was no agreement. The FL made the following recommendation:

RAN1#109-e:

FL Recommendation 1:

Companies are encouraged to provide inputs to RAN1#110 meeting on the following issues/questions:

· Whether backward propagation of the orbit and Common TA (or ) can be supported?
· If indicated explicitly by SFN and subframe number, EpochTime is:
· Option 1: in the future when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡 ≤ EpochTime.
· Option 2:  in the past when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime < 𝑡.
· Option 3: in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime <𝑡 or 𝑡 ≤ EpochTime.
What would be the appropriate Option?
It would be helpful to consider the RAN2 discussions/agreements when relevant. Latest RAN2 agreements (RAN2 RAN2-118-e - R17 NTN-REDCAP-CE_2022_05_xx) could be found in:
https://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_118-e/Inbox/Chairs_Notes/ 


It can be noted that RAN2 has not made any agreements related to this. Therefore, RAN1#110 should agree on a solution and inform RAN2.
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 illustrated in the upper part of Figure 1, if the network indicates ephemeris data with epoch time in the past, part of the validity time will have passed before the ephemeris can be used. On the other hand, as shown in the lower part of Figure 1, 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. This benefits both network and UE without any significant cost.
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[bookmark: _Ref101377010]Figure 1: Illustration of epoch time in the past and in the future, and the impact on the useful period of the ephemeris.
[bookmark: _Toc111220552]If the network indicates 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 than with an epoch time in the past. This benefits both network and UE without significant cost.
[bookmark: _Ref111156581][bookmark: _Toc111220557]Support indication of explicit epoch time through the SFN of a future radio frame.
To benefit from supporting indication of epoch time at a future point in time, it is necessary to allow the UE to use the assistance information prior to the epoch time (i.e., to propagate it backwards in time from the epoch time).
[bookmark: _Hlk111133008]Further, during initial access, it is essential that the UE is allowed to use the assistance information 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: _Toc111220553]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.

For reasons explained above, we put forth the following proposals. 
[bookmark: _Ref111156585][bookmark: _Toc111220558]Assistance information with an epoch time at a future point in time is also valid for a period P before the indicated epoch time (in addition to a period P after the indicated epoch time), where P is given by the validity duration parameter.
[bookmark: _Ref111156588][bookmark: _Toc111220559]If a UE has obtained new assistance information prior to the validity timer of the old assistance information has expired, the UE is allowed to maintain its UL synchronization until the new epoch time is reached, under condition that the validity periods of the old and new assistance information overlap. In this case, the UE applies the new assistance information as soon as it is valid, suspends the validity timer during this period such that it does not expire, and restarts the validity timer at the new epoch time. 
The solution is illustrated in Figure 2.
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[bookmark: _Ref101794919]Figure 2: The new assistance information is valid prior to the new epoch time when the time period until the new epoch time is not larger than the validity duration of the new assistance information.
The network should make sure that the UE does not experience gaps in its valid assistance information by not setting the epoch time more than P seconds ahead, where P is the validity duration. With this solution, the UE can trust that assistance information is valid immediately when received, so that it doesn’t have to take height into consideration for the possibility that there is a waiting time of up to 10.24 s before it can be used.
As noted above, the effective validity period of received ephemeris data will be significantly longer with an epoch time in the future than with an epoch time in the past. At RAN1#109-e, it was argued that even if this is the case there will be no improvement, or even a degradation, for common TA accuracy. However, 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 feeder link delay for a given time interval T.

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 .
[bookmark: _Toc111220554]The accuracy of common TA prediction during a given validity period T is not dependent on the choice of epoch time, e.g., whether the epoch time is in the future or in the past.
It was also 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. Further, the use of common TA is optional and some networks may prefer to locate 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: _Toc111220555]Whether accuracy of common TA or UE-specific TA prediction limits the validity duration depends on implementation-specific prediction algorithms and on whether common TA is used or not. Therefore, improving the accuracy of UE-specific TA prediction by using an epoch time in the future is beneficial.
We propose to inform RAN2 about this solution. Since the RAN2#119-e meeting is parallel to RAN1#110, we propose that an LS be sent as soon as possible during the RAN1#110 meeting.
[bookmark: _Toc111220560]Send an LS to RAN2 asking them to specify a solution as described in Proposal 1, Proposal 2 and Proposal 3 for definition and validity of epoch time. Due to parallel RAN1/RAN2 meetings, the LS should be sent as soon as possible during the RAN1 meeting.
2.2	Support of negative TACommonDriftVariation values for GEO
The following value range, granularity and bits allocation for the TACommonDriftVariation parameter were agreed at RAN1#107-e:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonDriftVariation
	0…0.60 µs/s2
	0.2×10-4 µs/s2
	15 bits



At RAN1#108-e, it was noted that this parameter range was designed for LEO and did not consider that TACommonDriftVariation can be negative for GEO. It was therefore proposed to modify the encoding of TACommonDriftVariation. Neither at RAN1#108-e nor at RAN1#109-e, an agreement was reached. The latest proposal from the FL summary of RAN1#109-e [6] is to modify the encoding as follows
	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonDriftVariation
	-3.27 ns/s2 … 3.27 ns/s2
	2×10-4 ns/s2
	15 bits



In this section, we look closer at the TACommonDriftVariation parameter for GEO. An analysis of the TACommonDriftVariation for GEO with various assumptions on inclination angle and GW latitude shows that a suitable range for the parameter is (  -0.2 ns/s2 … 0.2 ns/s2), as shown in Figure 3. This confirms the need for negative drift variation values, but one can also note that the proposed value range is unnecessarily large.
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[bookmark: _Ref101359064]Figure 3: TACommonDriftVariation range for GEO with different gateway latitudes and satellite inclination angles.
[bookmark: _Toc111220556]The common TA parameter TACommonDriftVariation can have negative values down to approximately 0.2 ns/s2 for GEO with large inclination angles.

Next, we consider the granularity of TACommonDriftVariation for GEO. Figure 4 shows the 99th percentile common TA approximation error vs prediction time with different assumptions on the coding of the TACommonDriftVariation. The scenario is a GEO with 10° inclination angle and a gateway at latitude 60° N. The black solid curve shows reference performance if the 2nd order parameter would be signaled without limitations in range or resolution. The red solid curve shows performance with the current agreement, i.e., that negative TACommonDriftVariation values are not allowed, in which case the parameter would have to be set to zero to minimize the error. The dashed curves show performance with different assumptions on granularity of TACommonDriftVariation. It can be seen that with granularity = 2×10-4 ns/s2, the quantization loss is insignificant.
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[bookmark: _Ref101360423]Figure 4: Common TA approximation error with different assumptions on TACommonDriftVariation granularity.
This is summarized in the following proposal:
[bookmark: _Toc111220561]For GEO, the common TA parameter TACommonDriftVariation should have a value range of at least (-0.2 ns/s2 … 0.2 ns/s2) and a granularity of at least 2×10-4  ns/s2.
Since the value range of common TA parameters is specified in TS 38.331 [5], we propose to send an LS to RAN2.
[bookmark: _Toc111220562]Send an LS to RAN2 asking them to modify the value range for ta-CommonDriftVariant-r17. Due to parallel RAN1/RAN2 meetings, the LS should be sent as soon as possible during the RAN1 meeting.
Conclusion
In the previous sections, we discuss maintenance issues for NR NTN. We made the following observations: 
Observation 1	If the network indicates 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 than with an epoch time in the past. This benefits both network and UE without significant cost.
Observation 2	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 3	The accuracy of common TA prediction during a given validity period T is not dependent on the choice of epoch time, e.g., whether the epoch time is in the future or in the past.
Observation 4	Whether accuracy of common TA or UE-specific TA prediction limits the validity duration depends on implementation-specific prediction algorithms and on whether common TA is used or not. Therefore, improving the accuracy of UE-specific TA prediction by using an epoch time in the future is beneficial.
Observation 5	The common TA parameter TACommonDriftVariation can have negative values down to approximately 0.2 ns/s2 for GEO with large inclination angles.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Support indication of explicit epoch time through the SFN of a future radio frame.
Proposal 2	Assistance information with an epoch time at a future point in time is also valid for a period P before the indicated epoch time (in addition to a period P after the indicated epoch time), where P is given by the validity duration parameter.
Proposal 3	If a UE has obtained new assistance information prior to the validity timer of the old assistance information has expired, the UE is allowed to maintain its UL synchronization until the new epoch time is reached, under condition that the validity periods of the old and new assistance information overlap. In this case, the UE applies the new assistance information as soon as it is valid, suspends the validity timer during this period such that it does not expire, and restarts the validity timer at the new epoch time.
Proposal 4	Send an LS to RAN2 asking them to specify a solution as described in Proposal 1, Proposal 2 and Proposal 3 for definition and validity of epoch time. Due to parallel RAN1/RAN2 meetings, the LS should be sent as soon as possible during the RAN1 meeting.
Proposal 5	For GEO, the common TA parameter TACommonDriftVariation should have a value range of at least (-0.2 ns/s2 … 0.2 ns/s2) and a granularity of at least 2×10-4  ns/s2.
Proposal 6	Send an LS to RAN2 asking them to modify the value range for ta-CommonDriftVariant-r17. Due to parallel RAN1/RAN2 meetings, the LS should be sent as soon as possible during the RAN1 meeting.
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