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1 Introduction
In RAN#109-e [1], there are some pending issues for NR NTN. In this contribution, we provide our perspectives. 

2 Discussion on remaining issues 
[bookmark: _Hlk107997682][bookmark: OLE_LINK7]2.1 TACommonDrift and TACommonDriftVariation for GEO
In NR NTN, it was discussed that the CommonDelayDriftVariation can be negative in GEO due to 2 factors [2]:
· Even for a perfectly circular and equatorial GEO orbit – which is almost never the case – variations in Earth’s gravitational field and other contributing gravitational fields cause the orbit to wobble, which causes the satellite’s relative distance from the ground to increase and decrease with varying rate of change, which in turn causes a varying delay drift (positive as the satellite’s stationary point gets further, negative as it gets closer);
· Most communications satellites do not exhibit a perfectly equatorial Geo-stationary Earth Orbit (GEO), but rather a slightly inclined Geo-synchronous orbit (GSO) – in fact almost no MSS satellite is in a perfect equatorial orbit. This causes the typical “figure 8” pattern of the apparent satellite point in respect to the ground (aka satellite box movement), which furthers creates a varying change in the slant range, with a varying rate of change in time, which further contributes to the delay drift variation (positive or negative).
Three solutions were discussed as depicted in following table.
Table 1: Pros and cons of solution for TACommonDrift and TACommonDriftVariation for GEO
	
	pros
	cons

	Option 1: adding one extra bit to indicate positive/negative of NTACommonDriftVariation
	unified signaling format
	bit allocation of 16 bits instead of 15 bits;
can’t support longer duration with sufficient accuracy;


	Option 2:  a new granularity and range
	keep bit allocation 15 bits;
ensure common TA estimation during longer duration with sufficient accuracy;
	TA common parameters respectively for GEO and NGSO;


	Option 3: no indication of NTACommonDriftVariation in GEO
	unified signaling format
	can’t support longer duration with sufficient accuracy;




Option 1 and Option 3 with the granularity and range would result in accuracy loss.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 2 is to change the granularity and range keeping the same bit allocation. This can be justified by the Doppler shift of 0.93 ppm, which is significantly smaller than that in LEO which is in the order of 24 ppm.  It was found via simulations that best results for GEO can be achieved with new granularity and range of TACommonDrift and TACommonDriftVariation as shown below:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s (- 262144… + 262143), bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-4 ns/s2 and range +/-3.27 ns/s2 (- 16384… + 16383), bits allocation 15 bits
The new granularity and range allow an accuracy for the UE prediction of the common TA in the order of 0.1 us with prediction time up to 900 seconds. NOTE: Re-using the range for TACommonDrift and TACommonDriftVariation agreed in RAN1 for GEO gives a quantization error in the order of 0.6344 us.

[bookmark: _Hlk107997702][bookmark: OLE_LINK8]Proposal 1: For GEO for NR NTN:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s (- 262144… + 262143), bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-4 ns/s2 and range +/-3.27 ns/s2 (- 16384… + 16383), bits allocation 15 bits

[bookmark: _Hlk107997967]2.2 Ambiguity in interpretation of SFN for explicitly indicating Epoch time
In NR NTN, it was discussed that the ambiguity in SFN interpretation should be resolved to avoid system failure of UE pre-diction [2]. For instance, the eNB indicates an SFN=x that is in the future, while UE assumes epoch time x is in the past. When UE reads SIBx with ephemeris and common TA parameters at time t and does prediction to obtain ephemeris and related time and frequency parameters from epoch time in the past to time t, then this assumption is wrong. Because SFN=x is in the future and UE should do prediction backwards from epoch time to time t.
[bookmark: _Hlk100908690][bookmark: _Hlk100735792]There are three options recommended by FL in RAN1 109e [3].
	[bookmark: _Hlk107998071][bookmark: OLE_LINK9]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?



Pros and cons are listed in the following table.
Table 2: Pros and cons of solution for interpretation SFN indicating Epoch time
	
	pros
	cons

	Option 1: in the future
	fully utilize the validity duration;
	already the case when Epoch time is implicitly indicating;
the max delay to Epoch time is 10.24 seconds for scenarios where reduction of delay is important, like initial access;

	Option 2:  in the past
	the max delay is 5.12 seconds for scenarios that reduction of delay is important, like initial access;
	shorten validity duration;

	Option 3: in the past or in the future
	network can flexible schedule;
the max delay can be 5.12 seconds based on rules;
	



Observation 1: 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, can ensure network flexibility and ensure Epoch time is not with a delay larger than 5.12 s.

For option 3, to make progress on this issue, RAN1 could discuss further how the UE determines the SFN for epoch time nearest to the frame where the epoch time is indicated explicitly. proposed some rules need to be proposed to make the epoch time will be at most 10.24/2=5.12 seconds from the frame where the epoch time is indicated explicitly. Depending on where the frame where the epoch time is indicated explicitly is received, this would effectively be the nearest frame either in the past or in the future in the range 0, .., 5.12 s.
[bookmark: _Hlk100908968]The ambiguity can be resolved by adding rules to interpret the epoch time as illustrated in an example in Fig. 1. The Epoch time is indicated as SFN=500. The UE reads the ephemeris and common TA parameters on SIBx at SIBx SFN. If (SIBx SFN-Epoch time SFN) is not less than 0, m = SIBx SFN-Epoch time SFN; else if (SIBx SFN-Epoch time SFN) is less than 0, m = SIBx SFN-Epoch time SFN + 1024. If 512<=m<1024, choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future); if m=0, choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN); if 0<m<512, choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). For SI window across SFN boundaries, SIBx SFN is the last frame where the message indicating the Epoch time is received. Even if there are SI window across SFN boundaries, eNB and UE still know that UE should choose Epoch time SFN with indication of SIBx SFN is the last frame where the message indicating the Epoch time is received. The duration for prediction is no longer than 5.12s, compared to 10.24s, this will enhance accuracy on predicting of common TA parameters.
[image: ]

Figure 1: Illustration of solution for interpretation SFN indicating Epoch time

[bookmark: _Hlk107998097][bookmark: OLE_LINK10]Proposal 2: If (SIBx SFN-Epoch time SFN) is not less than 0, m = SIBx SFN-Epoch time SFN; else if (SIBx SFN-Epoch time SFN) is less than 0, m = SIBx SFN-Epoch time SFN + 1024. 
Indicated SFN for Epoch time is, 
· if 512<=m<1024,  choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if m=0, choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if 0<m<512, choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received

3 Conclusion
In this contribution, remaining issues for NR NTN were addressed. The following proposals were made:
Proposal 1: For GEO for NR NTN:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s (- 262144… + 262143), bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-4 ns/s2 and range +/-3.27 ns/s2 (- 16384… + 16383), bits allocation 15 bits
Observation 1: 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, can ensure network flexibility and ensure Epoch time is not with a delay larger than 5.12 s..
Proposal 2: If (SIBx SFN-Epoch time SFN) is not less than 0, m = SIBx SFN-Epoch time SFN; else if (SIBx SFN-Epoch time SFN) is less than 0, m = SIBx SFN-Epoch time SFN + 1024. 
Indicated SFN for Epoch time is, 
· if 512<=m<1024,  choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if m=0, choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if 0<m<512, choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received
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