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1 Introduction
In RAN1#109-e, maintenance on solutions for NR to support Non-Terrestrial Network was discussed, and multiple topics discussed were not ultimately settled. In this contribution, we will offer our views on the subject of TACommonDriftVariation signaling.

2 Discussion of TACommonDriftVariation
In RAN1#107-e, the following pertinent agreements were made.
Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	[image: ]
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	[image: ]
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   [image: ]… +-53.33 [image: ]) 
	[image: ]
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 [image: ])
	[image: ]
	15 bits

	· Value ranges are given in unit of corresponding granularity



Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
· Unit is second
· FFS : Additional values for GEO

Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time (  used for   calculation as follows:



Where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e
· is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

In RAN1#108-e, the following agreement was made, supplementing the 107-e agreement on validity durations:
Agreement
· Add one additional NTN validity duration value for GEO i.e. 900 seconds. X = 4 bits.

Following the agreement in 108-e to support a 900 second validity period for GEO, the fact that feederlink delay for geosynchronous satellites can exhibit a negative second derivative with respect to time, unlike LEO or MEO satellites, became a topic of RAN1 discussion. This is in conflict with the 107-e agreement on the value range for the TACommonDriftVariation parameter in which TACommonDriftVariation can only be positive or zero. If the Common TA signaling is not modified, the only recourse the network has is to set TACommonDriftVariation to 0. Using sufficiently short validity durations when the feederlink delay drift variation is negative can address the issue, but it would render the long 900 second validity duration, expressly added to support GEO, unusable in many cases. 
[bookmark: _Hlk107571508]Considering errors introduced by satellite position estimation error by the “NTN Control Center” impacting the accuracy of signaled ephemeris and common TA parameters as well as errors introduced by the UE’s propagation of signaled ephemeris, error in common TA estimation at the UE should be kept to a small fraction of the allowable timing offset for the PRACH preamble. As an example, for a geosynchronous satellite with a 70 degree inclination and an equatorial NTN gateway, a delay (**one way or two way**) drift variation of -155×10-6 μs/s2 can exist. Using least-squares fitting of the predicted common delay terms and disregarding any quantization error introduced by the other common TA parameters, the maximum error in a 900 second validity duration would be 31.4 μs, which would be debilitating even for some long sequence length preamble formats (31.4 μs is about 30% of the CP length of format 0).
Observation 1: 
If negative values for TACommonDriftVariation are not supported for GEO, then the 900 second validity durations agreed for GEO deployments can be unusable.
[bookmark: _Hlk108160042][bookmark: _Hlk108160945]One possible means by which to introduce negative values for TACommonDriftVariation is to add one bit to indicate sign. Such a solution was proposed in [1] but was unfavorable as the retained granularity of 20×10-6 μs/s2 would result in non-negligible error in common TA estimation due to quantization. Quantization error alone could be as high as 2 μs for a 900 second validity duration, again assuming least-squares fitting. Thus, GEO deployments should use a different TACommonDriftVariation granularity than NGSO deployments, with an adjusted range to capture only realistic feederlink delay drift variation.
Observation 2:
Indicating sign of TACommonDriftVariation with an additional bit while retaining the same granularity of 20×10-6 μs/s2 will not make the longest validity durations usable in some scenarios.
Proposal 1:
The bits signaled in TACommonDriftVariation reflect a different granularity and range for GEO deployments and LEO deployments.
[bookmark: _Hlk108166288]If two interpretations of TACommonDriftVariation signaled bits exist, it is necessary for the UE to know when to use one interpretation rather than the other. On this issue in [1] it was argued that the UE can decide which granularity and range the signaled value for TACommonDriftVariation uses based on other assistance information in SIB19, which is to say whether the orbit is GEO or LEO is readily apparent from broadcasted ephemeris. This is certainly the case for near-circular orbits, but relying on UE implementation to infer orbit type and interpret TACommonDriftVariation on that inference may lead to inconsistent understanding between the UE and gNB in deployment scenarios using highly elliptical orbits. Molniya orbits present a good example. The semi-major axis of a Molniya orbit is 26600 km, making it a MEO orbit by definition. However, due to the high eccentricity of the orbit, for at least a portion of a satellite’s apogee dwell, at which time the satellite will have an operating link with an NTN gateway, the common delay over time will be similar not to that of a circular-orbit MEO or LEO satellite but to that of a circular-orbit GEO satellite. As such, a large validity duration may be reasonably used if the UE knows to use “GEO style” interpretation of TACommonDriftVariation as opposed to the “NGSO style” which the UE may otherwise assume it should use based upon semi-major axis signaled in SIB19, assuming Keplerian element format is used. Even if PV vector ephemeris is used or the UE calculates instantaneous orbit radius from Keplerian elements, at which radius to change interpretation is not clear. During times when the UE is not interpreting TACommonDriftVariation the way that the gNB intends, UL synchronization will be lost.
Observation 3:
There are deployment scenarios (e.g. non-circular orbits) such that leaving the interpretation of TACommonDriftVariation solely to the discretion of the UE may cause inconsistent understanding of common TA drift variation between the UE and gNB.
Proposal 2:
RAN1 discuss and agree upon a means by which the gNB and UE have a consistent understanding of how TACommonDriftVariation is interpreted at all times of UL transmission in all deployment scenarios including non-circular orbits.
Common understanding of how TACommonDriftVariation is interpreted can be achieved in several ways. One solution is that the network dictates how TACommonDriftVariation is interpreted by the UE with an additional bit introduced to the TACommondDriftVariation parameter or larger Common TA structure of SIB19. Such a solution was proposed in [1]. This does have the drawback, however, of impacting signaling overhead beyond what was already agreed in RAN1#107-e. 
Another way to achieve this is for RAN1 to define a criteria based on the satellite assistance information in SIB19 which determines how the UE will interpret TACommonDriftVariation. For example, one such criterion could be the  instantaneous orbit radius of the satellite, calculated from ephemeris, at the epoch time.
3 Conclusion
In this contribution, we made the following Observations and Proposals on the topic of TACommonDriftVariation signaling for long validity durations:
Observation 1: 
If negative values for TACommonDriftVariation are not supported for GEO, then the 900 second validity durations agreed for GEO deployments can be unusable.
Observation 2:
Indicating sign of TACommonDriftVariation with an additional bit while retaining the same granularity of 20×10-6 μs/s2 will not make the longest validity durations usable in some scenarios.
Proposal 1:
The bits signaled in TACommonDriftVariation reflect a different granularity and range for GEO deployments and LEO deployments.
Observation 3:
There are deployment scenarios such that leaving the interpretation of TACommonDriftVariation solely to the discretion of the UE may cause loss of uplink timing synchronization.
Proposal 2:
RAN1 discuss and agree upon a means by which the gNB and UE have a consistent understanding of how TACommonDriftVariation is interpreted at all times of UL transmission.
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