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1	Introduction
[bookmark: _Hlk94878371]In the Status Report for NR NTN WI [1], the following is stated regarding remaining open issues in RAN1:
During maintenance, discussions are expected on the remaining details for example on
· Type-2 HARQ codebook enhancements may be discussed
· Serving satellite ephemeris information format for HAPS, if needed
· The UE specific K_offset has an open FFS on whether/how to resolve the ambiguity when cell-specific K_offset is changed/modified.
· Whether additional NTN validity durations are needed for GEO case
· HARQ feedback for SPS activation has one open FFS on which behavior the UE should follow in case it is not having feedback enabled via RRC configuration.
Further, regarding, the issue on combination of open and closed loop TA control: The following conclusion was extensively discussed during RAN1#107e
Conclusion: The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.
Many companies were supportive of this conclusion. Few companies prefer not to conclude for now. The issue is within the hands of RAN4. RAN1 to come back on this issue during maintenance phase of release 17.


In this contribution, we discuss the second and fourth bullet above. Further, we discuss the need to clarify the implemented specifications regarding the description of Common TA and UE-specific TA to reflect previously made agreements.
[bookmark: _Ref178064866]2	Discussion
2.1	Validity duration values for GEO
At RAN1#107-e, the following agreement was made:
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, Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO

For GEO, the serving satellite ephemeris and Common TA parameters can be valid for more than 240 seconds. Therefore, larger validity duration values should be added. 
[bookmark: _Toc95768504]Add NTN validity duration values suitable for GEO, e.g., {900 s, 1800 s, 3600 s, 7200 s}. To limit the field size to 4 bits, other values could be removed, e.g., {25 s, 35 s, 45 s, 55 s}.
2.2	UE-specific TA
At RAN1#107-e, the following conclusion was made, based on previous agreements:
Conclusion
  is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.


This is not fully captured in the specifications. In particular, it is not specified that the UE-specific TA corresponds to the delay of the service link, and that the UE position shall be used to calculate this delay. It is proposed to clarify this in 38.211.
[bookmark: _Toc95768505]Adopt the following TP for 3GPP TS 38.211:
--------------------------------- Start of TP for 3GPP TS 38.211 ---------------------------------
4.3.1	Frames and subframes
<Unchanged Text Omitted>

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-	 is computed by the UE to pre-compensate for the two-way delay between the UE and the serving satellite, based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured, otherwise .
--------------------------------- End of TP for 3GPP TS 38.211 ----------------------------------


2.3	Common TA
At RAN1#107-e, the following agreement was made:
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.


This agreement is not yet captured anywhere in the specifications. It describes how one component of the TA, namely the Common TA, is calculated. In Rel-16 specifications, the calculation of TA is described mainly in 38.211 and 38.213, and partly also in 38.133. E.g., the details of calculation of  are captured in subclause 4.2 of 38.213. It is proposed to also capture calculation of Common TA in 38.213.
Subclause 4.3.1 of 38.211 states the following relation between the DL and UL timing at the UE:

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE […]
The specification needs to define the common TA component  (and the UE-specific TA component) such that when this timing relation is applied by the UE, the DL and UL frames are aligned, except for the offset given by the  and  components, at a given point, called the uplink time synchronization reference point. Note that in general, the uplink time synchronization reference point is not a fixed point in space but an imaginary point on a straight line between the satellite and the NTN gateway, at a fixed distance from the gateway. The reference point moves as the satellite moves. It is only a fixed physical point if it is at the gateway/gNB.
The timing relationships are illustrated in Figure 1. When the UE transmits slot N, the DL time reference (i.e., the point in time relative to which the TA is applied) is the reception time of the corresponding DL slot N, marked (A) in the figure. The common TA component of this corresponds to the sum of:
· , the delay of the UL signal between the satellite and the uplink time synchronization reference point. This is given by the one-way delay function  at time , where  is the time that the UL signal is transmitted from the satellite (on the feeder link).
· , the delay of the DL signal between the uplink time synchronization reference point and the satellite. This is given by the one-way delay function  at time , where  is the time that the corresponding DL signal (i.e., with the same slot number) is received by the satellite (on the feeder link).

In practice, however, the UE cannot use the reception time of DL slot N as time reference (i.e., point (A)), since it occurs in the future. Instead, a typical UE implementation could be as follows (the procedure timeline has been illustrated with a red dashed line in the figure):
1. Detect the reception time of an earlier DL signal (the point marked (B) in the figure)
2. Calculate the DL service link delay and one-way DL common delay of that DL signal to derive the transmission time t0 of that signal from the reference point
3. Calculate the transmission time tref of DL slot N from the reference point by assuming fixed slot length (note that due to timing drift, the slot length varies with time in other points than the uplink time synchronization reference point, e.g. at the UE and the satellite).
4. Calculate the reception time t5 of UL slot N at the reference point by subtracting (NTA + NTA,offset)TC from tref.
5. Calculate the transmission time of UL slot N from the UE by subtracting the UL service link delay and one-way UL common delay from t5.

Therefore, the definition of the common TA does not necessarily reflect how it is calculated in practice. The detailed procedure to calculate common TA can be left to implementation (subject to RAN4 accuracy requirements). Still, it is necessary that its definition in the specification reflects the timings relative to the DL reference point (A) (according to 38.211 and 38.133) when the common TA is calculated. An unambiguous definition of common TA time of determination, that does not constrain implementations, is needed.

[image: Chart
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[bookmark: _Ref94522156]Figure 1: Illustration of timing relationships for Common TA.
[bookmark: _Toc95768506]Adopt the following TP for 3GPP TS 38.213:
--------------------------------- Start of TP for 3GPP TS 38.213 ----------------------------------
4.2	Transmission timing adjustments
<Unchanged Text Omitted>
Using higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation, if configured, the UE shall determine  to pre-compensate the two-way transmission delay between the satellite and the uplink time synchronization reference point as follows:
The one-way transmission delay function  gives the distance at time  between the satellite and the uplink time synchronization reference point divided by the speed of light and is defined as

where  is the epoch time of the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation and ,  and .
For transmission of UL slot , the UE shall determine the  that corresponds to the two-way transmission delay , where
· 
· 
·  is the transmission time of the corresponding DL slot  from the uplink time synchronization reference point.

---------------------------------- End of TP for 3GPP TS 38.213 ----------------------------------





[bookmark: _Toc95768507]Adopt the following TP for 3GPP TS 38.211: 

---------------------------------- Start of TP for 3GPP TS 38.211 ----------------------------------
4.3.1	Frames and subframes
<Unchanged Text Omitted>

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation as specified in [5, TS 38.213] if configured, otherwise ;
-	 is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .
---------------------------------- End of TP for 3GPP TS 38.211 -----------------------------------

---------------------------------------- End of TP for 3GPP TS 38.211 -----------------------------------------

2.4	Serving satellite ephemeris format for HAPS
It is unclear if serving satellite ephemeris is needed for HAPS. The propagation delays and Doppler shift are similar or equivalent to those in a terrestrial network, as noted in 38.821: 
TR 38.821:
For other NTN scenarios with orbits less than 600 km as UAS (including HAPS) scenario, no specific analyses have been performed during this study item. However, considering the characteristics of UAS such as delay (altitude), footprint size (differential delay) and Doppler identified in this study item, the same enhancements as LEO may be applicable for UAS because their values and variation rates are lower than LEO. The enhancements for LEO are not necessarily required for UAS scenarios when delay, footprint and Doppler can be similar or equivalent values with those of terrestrial network, but the detailed conditions were not discussed in this study item, as well.


If serving satellite ephemeris is broadcast for HAPS, one of the existing ephemeris formats can be reused, preferably the position/velocity state vector format.
The UE must be aware that the non-terrestrial node is a HAPS rather than a satellite since satellite orbit propagation models do not work for HAPS. Since it has been agreed that orbit propagation is up to UE implementation, it could also be up to UE implementation to detect that the node is a HAPS.
[bookmark: _Toc95768502]It is unclear if serving satellite ephemeris is needed for HAPS since the propagation delay and Doppler shift are similar or equivalent to those in a terrestrial network.
[bookmark: _Toc95768503]If serving satellite ephemeris is broadcast for a HAPS, the UE must be aware that the non-terrestrial node is a HAPS rather than a satellite since satellite orbit propagation models do not work for HAPS.
[bookmark: _Toc95768508]If serving satellite ephemeris is broadcast for a HAPS, one of the existing serving satellite ephemeris formats can be used without modification.
[bookmark: _Toc95768509]It can be left to UE implementation to detect that a non-terrestrial node is a HAPS.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	It is unclear if serving satellite ephemeris is needed for HAPS since the propagation delay and Doppler shift are similar or equivalent to those in a terrestrial network.
Observation 2	If serving satellite ephemeris is broadcast for a HAPS, the UE must be aware that the non-terrestrial node is a HAPS rather than a satellite since satellite orbit propagation models do not work for HAPS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Add NTN validity duration values suitable for GEO, e.g., {900 s, 1800 s, 3600 s, 7200 s}. To limit the field size to 4 bits, other values could be removed, e.g., {25 s, 35 s, 45 s, 55 s}.
Proposal 2	Adopt the following TP for 3GPP TS 38.211: --------------------------------- Start of TP for 3GPP TS 38.211 ---------------------------------
4.3.1	Frames and subframes
<Unchanged Text Omitted>

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
-	 is computed by the UE to pre-compensate for the two-way delay between the UE and the serving satellite, based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured, otherwise .
--------------------------------- End of TP for 3GPP TS 38.211 ----------------------------------

Proposal 3	Adopt the following TP for 3GPP TS 38.213: --------------------------------- Start of TP for 3GPP TS 38.213 ----------------------------------
4.2	Transmission timing adjustments
<Unchanged Text Omitted>
Using higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation, if configured, the UE shall determine  to pre-compensate the two-way transmission delay between the satellite and the uplink time synchronization reference point as follows:
The one-way transmission delay function  gives the distance at time  between the satellite and the uplink time synchronization reference point divided by the speed of light and is defined as

where  is the epoch time of the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation and ,  and .
For transmission of UL slot , the UE shall determine the  that corresponds to the two-way transmission delay , where
· 
· 
·  is the transmission time of the corresponding DL slot  from the uplink time synchronization reference point.

---------------------------------- End of TP for 3GPP TS 38.213 ----------------------------------


Proposal 4	Adopt the following TP for 3GPP TS 38.211:  ---------------------------------- Start of TP for 3GPP TS 38.211 ----------------------------------
4.3.1	Frames and subframes
<Unchanged Text Omitted>

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation as specified in [5, TS 38.213] if configured, otherwise ;
-	 is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .
---------------------------------- End of TP for 3GPP TS 38.211 -----------------------------------

---------------------------------------- End of TP for 3GPP TS 38.211 -----------------------------------------

Proposal 5	If serving satellite ephemeris is broadcast for a HAPS, one of the existing serving satellite ephemeris formats can be used without modification.
Proposal 6	It can be left to UE implementation to detect that a non-terrestrial node is a HAPS.


[bookmark: _In-sequence_SDU_delivery]References
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