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1	Introduction
In the Status Report for IoT NTN WI [1], the following is stated regarding remaining open issues in RAN1:
All issues in 8.15.1 Enhancements to time and frequency synchronization and 8.15.2 Timing relationship enhancements were closed. RAN1 has specified designs that are sufficient for generating RRC parameters, UE feature definitions, and specifications.  
[bookmark: _Hlk89256721]The FFS as captured in the agreements in 8.15.1 in RAN1#107-e are on how to write the agreements into the specifications if needed and configuration values for RRC parameters. RAN1 will resolve these FFS if needed in the maintenance phase.


In this contribution, we discuss the maintenance issues related to uplink time and frequency synchronization.
2	Discussion
2.1	Validity duration values for GEO
At RAN1#107-e, the following agreement was made:
Agreement
Validity timer 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


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: _Toc95749435][bookmark: _Toc95771199]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	Segmented uplink pre-compensation
In RAN1#107-e, there are a few open issues (highlighted in yellow) related to segmented uplink transmission.
Agreement
UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
1. UE may drop / Insert samples / Puncture OFDM symbols  
2. UE may blank subframes / slots where UE skip a slot or a subframe
The total transmission time is not changed
UE autonomously Drop / insert samples / Puncture OFDM symbols or Blank subframes / slots where UE drops a subframe / slot
The method used for the UE pre-compensation is known to the eNB by a single UE capability 
· UE Blank subframes / slots where UE skip a slot or a subframe (slot is based on Sub Carrier Spacing)
FFS Details of method(s) to drop / insert samples, blanking subframes / slots (slot is based on Sub Carrier Spacing) 
Agreement
For NB-IoT, UE pre-compensation per segment of NPRACH is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
· UE may drop / Insert samples
· UE may blank subframe / repetition unit where UE drops a subframe / repetition unit
The total transmission time is not changed
FFS Details of method(s) to drop / insert samples / blank subframe / repetition unit 
FFS Specification impact
Agreement
For eMTC, UE pre-compensation per segment of PRACH is applied from one segment to the next segment by drop / insert samples in Guard Period of PRACH preamble.
· The total transmission time is not changed
· FFS Details of method(s) to drop / insert samples




[bookmark: _Toc95771200]Send LS to RAN4 to specify the details of methods to drop/insert samples and blank subframe(s)/repetition unit(s) for segmented uplink transmission for IoT NTN.
2.3	TPs for 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. The details of calculation of  are captured in Clause 8.1 of TS 36.211 and Clause 4.2.3 of TS 36.213. 
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 Error! Reference source not found.. 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)TS 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 36.211 and 36.133) when the common TA is calculated. An unambiguous definition of common TA time of determination, that does not constrain implementations, is needed.


[image: Chart

Description automatically generated]
Figure 1: Illustration of timing relationships for Common TA.



[bookmark: _Toc95771201]Adopt the following text proposal for 3GPP TS 36.211:

( seconds
---------------------------------------- Start of TP for 3GPP TS 36.211 ----------------------------------------
[bookmark: _Toc12021440][bookmark: _Toc20311552][bookmark: _Toc26719377][bookmark: _Toc29894808][bookmark: _Toc29899107][bookmark: _Toc29899525][bookmark: _Toc29917262][bookmark: _Toc36498136][bookmark: _Toc45699162][bookmark: _Toc92093803]8.1	Uplink-downlink frame timing
<Unchanged Text Omitted>

Transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE.


Figure 8.1-1: Uplink-downlink timing relation


Except for the cases mentioned in Table 8.1-1, Table 8.1-2 and Table 8.1-3, the range of  is: .


For frame structure type 1  and for frame structure type 2  unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.

 is defined in different ranges depending on the UE configuration according to Table 8.1-1, Table 8.1-2 and Table 8.1-3. In case of subslot based transmission (Table 8.1-2 and Table 8.1-3), the UE is configured by higher layer signalling a processing timeline and an associated range of timing advance.
The quantity  is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured (see Clause 4.2.3 in [4]), otherwise .
[bookmark: _Hlk86996389]The quantity  is computed by the UE to pre-compensate for the two-way delay between the UE and the satellite, based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured, otherwise .
---------------------------------------- End of TP for 3GPP TS 36.211 ----------------------------------------


The following text proposals are needed to include details of common TA calculation in TS 36.213 for both eMTC and NB-IoT. 
[bookmark: _Toc95771202]Adopt the following text proposal for TS 36.213:
---------------------------------------- Start of TP for 3GPP TS 36.213 ----------------------------------------
4.2.3	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 36.213 ----------------------------------------



[bookmark: _Toc95771204]Adopt the following text proposal for TS 36.213:
---------------------------------------- Start of TP for 3GPP TS 36.213 ----------------------------------------
16.1.2	Timing synchronization
<Unchanged Text Omitted>
The UE shall determine the  that corresponds to the two-way transmission delay expressed in  time units according to Clause 4.2.3.
---------------------------------------- End of TP for 3GPP TS 36.213 ----------------------------------------



Conclusion
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	Send LS to RAN4 to specify the details of methods to drop/insert samples and blank subframe(s)/repetition unit(s) for segmented uplink transmission for IoT NTN.
Proposal 3	Adopt the following text proposal for 3GPP TS 36.211:
Proposal 4	Adopt the following text proposal for TS 36.213:
---------------------------------------- Start of TP for 3GPP TS 36.213 ----------------------------------------
4.2.3	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 36.213 ----------------------------------------


Proposal 5	Adopt the following text proposal for TS 36.213:
---------------------------------------- Start of TP for 3GPP TS 36.213 ----------------------------------------
16.1.2	Timing synchronization
<Unchanged Text Omitted>
The UE shall determine the  that corresponds to the two-way transmission delay expressed in  time units according to Clause 4.2.3.
---------------------------------------- End of TP for 3GPP TS 36.213 ----------------------------------------



[bookmark: _In-sequence_SDU_delivery]References
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