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1 Background
RAN1 LS S4-251654 provided feedback on the uplink and downlink timing for NB-IoT NTN with GEO satellites. At the SA4 #133-e meeting and the ones afterwards, there were discussions on how to interpret the LS. The interpretation impacts the uncertainty to be assumed in the scheduling timing, which in turn affects the link capacity. This paper proposes updates to the PD to clarify the LS.   
2 Proposed change
Make the following change to the PD version 0.4.0.

	1st Change



5.2.2.3	Frame structure
For dynamic scheduling, an example frame structure for Half-duplex FDD for the 80ms bundling period is shown in Figure 5.2.2.3-1. The duration of NPDSCH is 4ms and can take a different value depending on the DL SNR.
[image: ]
Figure 5.2.2.3-1 An example frame structure for 80ms bundling period and dynamic scheduling
NOTE:	 For UL, other possible frequency allocations are 1, 3, 6 and 12 tones with15 kHz per tone, and the choice depends on the UL channel capacity and the DL channel capacity.
If semi-persistent scheduling (SPS) is specified by RAN for NB-IoT NTN, an example frame structure is shown in Figure 5.2.2.3-2. The NPDSCH now can be anywhere in the first 15ms (considering that a minimum gap of 1 ms to the NPUSCH needs to be maintained).
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Figure 5.2.2.3-2 An example frame structure for 80ms bundling period and SPS
Figure 5.2.2.3-3 shows a scheme based on “Cell_specific_Koffset” approach, which does not depend on the “TA report UE capability”. 
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[bookmark: _Hlk209716984]Figure 5.2.2.3-3 SPS scheme based on “Cell_specific_Koffset” approach, which does not depend on the “TA report UE capability”.
Notes: The gap between DL and UL can consist of:
1) A “Processing time + DL-to-UL switching”: It can be discussed whether the time for decoding the DL transport block needs to be considered or not, but at least the time that a “half-duplex device” requires for switching from DL-to-UL shall be considered which is 1 ms.
2) The “Max differential delay” shall be considered for the network to handle the different round-trip delays of different UEs in the NTN cell. The value of “Max differential delay” will vary and will typically range between [close to 0 and 10.3 ms]depending on deployment.
3) Figures 5.2.2.3-2 and 5.2.2.3-3 lead to the same bitrate if the following conditions (for 80ms bundling) are true:
· “Max differential delay” is 10ms
NOTE: This is the case where, within the cell footprint, the difference between the point that is closest to the satellite and the point that is farthest to the satellite is smaller than 1500km 

· X + Y <= 68ms
SA4 considers these conditions will be met in most practical scenarios and will take beam size that is no larger than 1500km as one reference for codec simulation purposes. 
4) Figures 5.2.2.3-2 and 5.2.2.3-3 lead to the same bitrate if the following conditions (for 160ms bundling) are true:
· “Max differential delay” is 10ms
NOTE: This is the case where, within the cell footprint, the difference between the point that is closest to the satellite and the point that is farthest to the satellite is smaller than 1500km 

· X + Y <= 148ms
SA4 considers these conditions will be met in most practical scenarios and will take beam size that is no larger than 1500km as one reference for codec simulation purposes.



Editor’s note: The range of the “Max differential delay” is TBC.
Note: RAN1 reply LS stated: 
· “Although the example Figure 5.2.2.3-1 is supportable by RAN1 specifications in most scenarios, it may not be supportable in the case where the cell is very large (e.g. >3000km), when the UE does not support TA report and the network does not support UE-specific K-offset. The example Figure 5.2.2.3-1 itself also requires the UE to be configured with two HARQ processes and with HARQ feedback disabled.”
· RAN1/2 have not yet started the work on designing SPS. Therefore, RAN1 currently cannot confirm whether the example frame structure for SPS (related to Figure 5.2.2.3-2 and associated text) will be supported.
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