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Introduction
In RAN1#104-e and RAN#91-e, the following agreements and a proposal were made.
	Proposal in RP-210915 in RAN#91-e:
· The study on IoT over NTN should target the following by RAN#92
· Detailed study of solutions addressing essential functionality for GEO and NGSO scenarios, at least for the use case of intermittent delay-tolerant small packet transmission and other use cases not requiring significant enhancements 
· Prioritization of potential enhancements for the functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI for each of the considered scenarios in the study
· Recommendations on specification changes needed at least for essential functionality, for each of the considered scenarios in the study 
· Note: Additional major enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 
· Time permitting, at least a high-level description of the potential solutions for enhancements targeting potential optimization of IoT NTN in later releases can be captured in TR 36.763, when feasible.

Agreement in RAN1#104-e:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4). FFS: Details of the study

Agreement in RAN1#104-e:
Discuss whether GNSS measurement window is needed and beneficial for initial access.

Agreement in RAN1#104-e:
For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix

Agreement in RAN1#104-e:
Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion

Agreement in RAN1#104-e:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 

Agreement in RAN1#104-e:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.

Agreement in RAN1#104-e:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.


In this contribution, to support intermittent delay-tolerant small packet transmission, we will provide our views on
· essential functionality
· long UL transmission
Discussion
Essential functionality
As discussed in RAN#91-e, power consumption has been considered as non-essential functionality in Rel-17. To align this proposal, we then propose to deprioritize the following study agreed in RAN1#104-e: 1) impact of GNSS Position fix; 2) GNSS measurement window; 3) NTN SIB carrying the satellite ephemeris.
[bookmark: _Toc67935920]Deprioritize the following study agreed in RAN#104-e: 1) impact of GNSS Position fix; 2) GNSS measurement window; 3) NTN SIB carrying the satellite ephemeris.
However, the study of the UE pre-compensation of delay and Doppler shift during long UL transmission seems crucial and must be investigated for NB-IoT over NTN.

UL timing for long UL transmission 
Long UL transmission on NPUSCH
Problem statement
[bookmark: _Hlk67931041]As pointed out in R1-2102103, up to 1024 repetitions of NPUSCH Format 1 may be scheduled for UL transmission on the NPUSCH. If long UL transmission exceeds 256 ms, the UL compensation gap (UCG) is used for DL re-synchronization.
However, for LEO at 600 km, the time drift is around 0.71 us in one RTD of 28.4. In a duration of 256ms, the total drift can be around 6.4 us which is larger than the Cyclic Prefix for UL transmission on NPUSCH, e.g., 4.7 us.
Possible solutions
As pointed out in R1-2102103, there are several solutions possible.
· Option 1: Use UE-specific TA calculation. The UE uses UE-specific TA calculation based on acquired GNSS position and satellite ephemeris for UE pre-compensation during long UL transmission. Similarly, the UE can determine the UE-specific Doppler shift to apply for UE pre-compensation.
· Option 2: Use the timing drift rate. The UE can use knowledge of the timing drift rate to determine the UE-specific TA for UE pre-compensation during the long UL transmission
· Option 3: Use segmented pre-compensation. The UE can interrupt transmission, determine the UE-specific TA / Doppler shift for UE pre-compensation during long continuous repetition transmission. 
Companies have raised the following concerns for the solutions.
	Solutions proposed in R1-2102103
	Concerns from companies

	Option 1: Use UE-specific TA calculation
Option 2: Use the timing drift rate
	1) no gap (40ms is not enough) for ephemeris
2) TA adjustment may lead to signal overlapped
3) eNB may lose timing control
4) impacts on feeder link
5) details on how to indicate timing drift rate

	Option 3: Use segmented pre-compensation
	1) how to segment is unclear

	Option 4: limit NPUSCH to less than 256ms
	1) the link budget and LLS assumptions have not been resolved
2) NPUSCH may need up to 128 repetitions. With sub-carrier spacing of 15 kHz, the transmission time can be up to 1 second. 


For option 1 and option 2, it is up to UE pre-compensation. Some concerns may be addressed below.
· UE may not need a frequent update of ephemeris, especially if ephemeris contains velocity information. UE may use previously received ephemeris information to estimate the current ephemeris. 
· eNB may only lose the common understating of UE-eNB RTT between UE and eNB. However, eNB shall always receive the UL transmission under the CP limit. Since latency and power consumption are non-essential, eNB may not need the UE-eNB RTT information.
· feeder link delay may not be needed if UL and DL frames are aligned at a satellite (RP at satellite). In this case, UE may only pre-compensate UE-satellite RTT for UL transmission on NPUSCH.
· Timing drift rate may not be needed if there is no common TA, which may happen if RP at a satellite.
The only concern we have is signal overlap due to TA adjustment within the long UL transmission. The less harmful solution is to force UE to change UL timing gradually and scarify some of the CP lengths. However, overlap happens.
[bookmark: _Toc67935923]For long transmission on NPUSCH more than 256ms, simply up to UE pre-compensation cannot prevent a signal overlap within 256ms.
For option 3 and option 4, it is up to NW configuration. However, the existing configuration may not support a need of up to 128 repetitions on NPUSCH. Short NPUSCH may not be feasible. 
[bookmark: _Toc67935924]For long transmission on NPUSCH more than 256ms, limiting NPUSCH transmission less than 256ms cannot satisfy a need of up to 128 repetitions on NPUSCH.
Therefore, segmented pre-compensation may be needed. One simple solution is to enable NW to configure the UL compensation gap (UCG) based on different NTN scenarios. 
[bookmark: _Toc67935921]UCG shall be configurable to accommodate different NTN scenarios, e.g., after transmissions of X time units for NPUSCH, a gap of Y time units shall be inserted, if X and Y are provided by NW.

Long transmission on NPRACH
Problem statement
As pointed out in R1-2102103, up to 2048 repetitions of NPRACH may be transmitted. The time drift in LEO at 600 km in 2 seconds can be around 51.2us. NB-IoT UE supports three CP lengths, 66.7us, 266.7us, and 800us.
Possible solutions
As pointed out in R1-2102103, there are several solutions possible.
· Option 1: Use UE-specific TA calculation.
· Option 2: Use the timing drift rate
· Option 3: Use segmented pre-compensation
Concerns from companies have been listed below.
	Solutions proposed in R1-2102103
	Concerns from companies

	Option 1: Use UE-specific TA calculation
Option 2: Use the timing drift rate
	1) no gap (40ms is not enough) for ephemeris
2) impacts on feeder link
3) details on how to indicate timing drift rate
4) how to determine TAC in RAR

	Option 3: Use segmented pre-compensation
	1) how to segment is unclear
2) require RACH interruption, which seems high impact on specifications and implementation


For option 1 and option 2, it is up to UE pre-compensation. Some concerns listed above may not be an issue, e.g., 
· No need to read ephemeris and acquire UE location multiple times if ephemeris includes the instantaneous velocity for UE to predict the satellite movement. 
· No need to consider the feeder link delay if UL and DL frames are aligned at a satellite (RP at satellite). 
· No need to consider timing drift rate if common TA is not needed (if RP at satellite). 
· No need to discuss how to calculate TAC. It is always based on the received preamble timing at the eNB.
For option 3, it is up to NW configuration. Companies are worried about spec impacts on the support of interruption. However, NB-IoT NPRACH already supports an UCG of 40ms after transmissions of 256ms. 
	3GPP TS 36.211 V16.4.0 (2020-12)
NPRACH transmission can start only Nstart NPRACH 30720Ts time units after the start of a radio frame fulfilling
nf mod(Nperiod NPRACH /10)= 0 . For frame structure type 1, after transmissions of 4 64(TCP + TSEQ ) time units for preamble formats 0 and 1, or 16 ∙ 6(𝑇𝐶𝑃 + 𝑇𝑆𝐸𝑄) time units for preamble format 2, a gap of 40  30720Ts time units shall be inserted.


For LEO at 600 km, in a time duration of 256 ms, the total drift is around 6.4 us as mentioned above, which is smaller than the CP length for NPRACH preambles, 66.7us, 266.7us, and 800us.
[bookmark: _Toc67935925]NPRACH transmission supports 40ms of UCG after transmission of 256ms. In 256ms, the total drift is around 6.4 us that can be supported by the NRACH preambles.
[bookmark: _Toc67935922]For long transmission on PRACH, no enhancement is needed, and reusing the legacy 40ms of UCG for NPRACH transmission shall be considered.

Conclusion
In this contribution, we have the following observations
Observation 1	For long transmission on NPUSCH more than 256ms, simply up to UE pre-compensation cannot prevent a signal overlap within 256ms.
Observation 2	For long transmission on NPUSCH more than 256ms, limiting NPUSCH transmission less than 256ms cannot satisfy a need of up to 128 repetitions on NPUSCH.
Observation 3	NPRACH transmission supports 40ms of UCG after transmission of 256ms. In 256ms, the total drift is around 6.4 us that can be supported by the NRACH preambles.

Based on observations, the following proposals are made
Proposal 1	Deprioritize the following study agreed in RAN#104-e: 1) impact of GNSS Position fix; 2) GNSS measurement window; 3) NTN SIB carrying the satellite ephemeris.
Proposal 2	UCG shall be configurable to accommodate different NTN scenarios, e.g., after transmissions of X time units for NPUSCH, a gap of Y time units shall be inserted, if X and Y are provided by NW.
Proposal 3	For long transmission on PRACH, no enhancement is needed, and reusing the legacy 40ms of UCG for NPRACH transmission shall be considered.
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