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1 Processing time for downlink reception
In terrestrial networks, eMTC/NB-IoT UEs typically require a certain amount of “minimum processing time” to process a downlink reception, before transmitting an associated uplink that may be triggered by the downlink reception. Examples include:
· (N)PDSCH triggering HARQ-ACK
· (N)PDCCH triggering (N)PUSCH
· (N)PDCCH triggering PDCCH-ordered (N)PRACH
For purposes of illustration, we will take the example of NPDSCH triggering HARQ-ACK in NB-IoT.
Below is the standards text (from TS 36.213) for transmitting HARQ-ACK:
16.4.2   UE procedure for reporting ACK/NACK
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 
-     DL subframe for FDD,
-     NB-IoT UL subframes following the end of n+12 subframe for TDD,
transmission of the NPUSCH carrying ACK/NACK response…
In FDD (relevant to NTN), for terrestrial networks, , and hence, the “processing time” that a UE has, to generate the HARQ ACK, is given by:
·  (Terms normalized to same time units, e.g., a time unit of slots/subframes)
For legacy terrestrial, however, this  is typically very small. Hence, the “minimum” processing time that a UE needs (in terrestrial) is given by:
·  (Terms normalized to same time units, e.g., a time unit of slots/subframes)
Observation 1: In terrestrial networks, the minimum processing time that a UE needs to process an NPDSCH before it can transmit a corresponding HARQ-ACK is given by .
For NTN, there is a very large TA, which is reflected by the following two additional terms (w.r.t terrestrial) in the expression for TA in TS 36.211: 
· . 
Further, due to the (non-zero)  term in NTN, the “processing time” that the UE has in NTN, to generate the HARQ ACK is given by:
·              (Terms normalized to same time units, e.g., a time unit of slots/subframes)
Hence, if   for a UE, the “processing time” to generate the HARQ ACK is smaller than terrestrial for a given value of . Such a scenario may occur, e.g., for certain UEs at the cell-edge, in a cell where the  is not configured overly conservatively
We want to avoid such a situation, since certain legacy UEs cannot meet a “tighter than terrestrial” processing time (in this running example, from NPDSCH to HARQ-ACK)
Observation 2: Under certain circumstances—e.g., for the same value of , if  —a  NB-IoT UE over NTN may have to process a NPDSCH in less than the minimum processing time afforded to it in terrestrial networks
· This may prevent a legacy NB-IoT UE from operating seamlessly in an NTN network
To this end, we propose the following limitation in the specifications (for this running example of NPDSCH triggering HARQ-ACK), such that a NB-IoT UE is not required to meet a tighter processing timeline than terrestrial in NTN.
Proposal 1: For NB-IoT over NTN, for a NPDSCH triggering a HARQ-ACK, the following condition must be satisfied, for the UE to be required to process the NPDSCH:
· , 
where  and  are defined in TS 36.211, and [.] denotes a quantization to appropriate slot/subframe/RU units.
While our running example has been for NPDSCH triggering HARQ-ACK, the same principle applies to other downlink-triggering-uplink processing times, which we analogously propose to amend, in the proposals below:
Proposal 2: For NB-IoT over NTN, for a NPDCCH triggering a NPUSCH, the following condition must be satisfied, for the UE to be required to transmit the NPUSCH:
· , 
where  and  are defined in the specifications, and [.] denotes a quantization to appropriate slot/subframe/RU units.
Proposal 3: For NB-IoT over NTN, for a NPDCCH triggering a “PDCCH order” based NPRACH, the following condition must be satisfied, for the UE to be required to transmit the NPRACH:
· , 
where  and  are defined in the specifications, and [.] denotes a quantization to appropriate slot/subframe/RU units.
While the above proposals are made for NB-IoT, similar amendments to the specifications are necessary to maintain adequate processing time for eMTC UEs over NTN.
Proposal 4: Specify similar conditions for processing times for “downlink triggering uplink” settings for eMTC over NTN, as described in Proposals 1 through 3 for NB-IoT over NTN in this contribution.

2 Conclusion
In this contribution, we express our views regarding remaining issues (specifically to do with processing times for downlink receptions) in Release 17 IoT-NTN. Our observations and proposals are summarized below:
Observation 1: In terrestrial networks, the minimum processing time that a UE needs to process an NPDSCH before it can transmit a corresponding HARQ-ACK is given by .
Observation 2: Under certain circumstances—e.g., for the same value of , if  —a  NB-IoT UE over NTN may have to process a NPDSCH in less than the minimum processing time afforded to it in terrestrial networks
· This may prevent a legacy NB-IoT UE from operating seamlessly in an NTN network
Proposal 1: For NB-IoT over NTN, for a NPDSCH triggering a HARQ-ACK, the following condition must be satisfied, for the UE to be required to process the NPDSCH:
· , 
where  and  are defined in TS 36.211, and [.] denotes a quantization to appropriate slot/subframe/RU units.
Proposal 2: For NB-IoT over NTN, for a NPDCCH triggering a NPUSCH, the following condition must be satisfied, for the UE to be required to transmit the NPUSCH:
· , 
where  and  are defined in the specifications, and [.] denotes a quantization to appropriate slot/subframe/RU units.
Proposal 3: For NB-IoT over NTN, for a NPDCCH triggering a “PDCCH order” based NPRACH, the following condition must be satisfied, for the UE to be required to transmit the NPRACH:
· , 
where  and  are defined in the specifications, and [.] denotes a quantization to appropriate slot/subframe/RU units.
Proposal 4: Specify similar conditions for processing times for “downlink triggering uplink” settings for eMTC over NTN, as described in Proposals 1 through 3 for NB-IoT over NTN in this contribution.
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