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Introduction
In RAN#92, New Rel-17 WID on NB-IoT/eMTC support for NTN was approved. The objective of this WID is to specify support of NB-IoT and eMTC over NTN. The approved WID has the following guideline for timing relationships.
	RP-211601, New Rel-17 WID on NB-IoT/eMTC support for Non-Terrestrial, MTK, ESA
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
· Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments
· Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
· DL synchronization enhancements: A single solution will be selected between new channel raster, (part of) ARFCN-indication-in-MIB. 
· GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission


In this contribution, to support intermittent delay-tolerant small packet transmission, we will provide our views on
· ephemeris format (orbital / Position -Velocity)
· long PUSCH and PRACH transmission
· [bookmark: _Hlk77954108]validity timer for UL synchronization
· DL synchronization enhancements
· GNSS Measurements

Discussion
Ephemeris format
The intention to provide ephemeris information is used for synchronization, handling of coverage holes, RLF-based mobility, and cell selection/re-selection. In NR NTN, both orbital and position-velocity formats are supported. The reason of support both formats is to maximize the benefit provided from each format, e.g., the orbital format is good for long-term prediction and the position-velocity format is easy to be implemented.
However, for IoT devices, the orbital format has less advantage to support intermittent delay-tolerant small packet transmission. First, IoT devices do not read broadcast SIB for satellite ephemeris information in CONNECTED mode. If no new ephemeris is in CONNECTED mode, it is difficult to make a long-term prediction. Second, the common use case is to have a 2-, 6-, or 24-hours report period. It is difficult to predict if new ephemeris is provided in SIB every 2 hours, considering ephemeris data would be outdated after 5 minutes with the Eckstein-Hechler model as shown in R1-2104076. 
Regrading NR-NTN WI agreements shall be used as the baseline, we propose to support both ephemeris formats. However, NW shall ensure the PV format can always be founded by IoT UEs. 
[bookmark: _Toc79066606]Support of the orbital format of ephemeris has no clear benefit for IoT devices.
[bookmark: _Toc79066598]Support the delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements, where the format of state vectors shall be mandatorily provided.

long PUSCH and PRACH transmission
The intention to enhance long UL transmission is to handle the delay drift rate of 93 us/s during the repetition. 
According to R1-2106289, when a UL transmission is longer than 27.9ms, its timing error would be accumulated beyond the transmit timing error Te, i.e., 2.6 us. Normally, this triggers a UE to make gradual timing adjustment (GTA) such that the UE transmission timing error can be less than or equal to ±Te. However, this is not allowed in Rel-16 if a repetition period is configured on the uplink for which R > 1. Thus, timing errors will keep accumulating until the ongoing repetition ends. It could reach 23.8 us after sending a UL of 256ms before having a UCG.
However, this assumes that UE performs timing adjustment by combining downlink reception timing drifting and UE-specific TA change as one adjustment. Related discussion can be found in R4-2108350. See below.
	R4-2108350, WF on timing requirements for NR NTN, Xiaomi
The assumptions will be used to define gradual timing adjustment requirements for NTN network
· Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately. (Huawei, MTK, Ericsson, Xiaomi)
· Option 2: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. (Huawei, Apple, QC, THALES, CMCC, Intel)


This discussion has no consensus in RAN4. Note that both GTA and UE-specific TA are autonomously adjusted by UE. To prevent non-necessary dependency between RAN1 and RAN4, it seems better to separate timing adjustment for downlink reception timing drifting (GTA) and UE-specific TA change. Therefore, the long UL transmission issue shall be purely handled by UE-specific TA, and enhancement for GTA can be left to RAN4.
[bookmark: _Toc79066599]Reuse UE-specific TA to allow UE adjusting UL timing for long PUSCH and PRACH transmission. 
[bookmark: _Toc79066600]UE-specific TA is done per N time units for long PUSCH and PRACH transmission, where UE-specific TA does not vary within a block of N time units. FFS on N time units.
[bookmark: _Toc79066601]UE is allowed to perform UE-specific TA when the initial transmission timing error per N time units is larger than Te_NTN. FFS whether to reuse the legacy Te or introduce a new Te_NTN.

Validity timer for UL synchronization
The intention to introduce a validity timer is unclear, considering NB-IoT UE does not read SIB in RRC_CONNECTED. For ephemeris, its validity period depends on a propagation model used by the UE. It is difficult to configure a timer if NW has no information on which model is used. For common TA, its validity period may also depend on how the UE uses those parameters. It might be difficult to configure a timer if this information is lacking on the NW side.
[bookmark: _Toc79066602]A validity timer for UL synchronization may not be needed.

DL synchronization enhancements
The intention to introduce DL synchronization enhancement is to handle Doppler shift for DL initial synchronization. As pointed out by companies, even with common frequency pre-compensation offset on the DL service link, IoT devices may not find the synchronization signals in a channel raster of 100 kHz during a cell search.
[bookmark: _Toc79066603]New channel raster with a step size increased to be greater than 100 kHz.
However, it is unclear whether a common frequency pre-compensation offset on the DL service link is needed. It shall provide benefit, in general, to reduce cell search time and reduce interference among cells and networks.
[bookmark: _Toc79066604]RAN1 shall discuss whether a common frequency pre-compensation offset on the DL service link is needed.

Validity of GNSS Measurements
The intention to introduce the validity of GNSS measurement is unclear.
The validity of GNSS measurements depends on UE speed and GNSS accuracy. UE can be fixed with the speed of 0 km/hr and moving with the speed of 120 km/hr. For GNSS accuracy, the location errors can be 30m, 50m, or 100m. The above parameters will limit how long a transmission can be during RRC_CONNECTED. However, NW may lack this information to configure a validity timer for GNSS measurements. 
[bookmark: _Toc79066605]Validity of GNSS Measurements, e.g., a timer for GNSS measurement, may not be needed.

Conclusion
In this contribution, we have the following observations
Observation 1	Support of the orbital format of ephemeris has no clear benefit for IoT devices.

Based on observations, the following proposals are made
Proposal 1	Support the delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements, where the format of state vectors shall be mandatorily provided.
Proposal 2	Reuse UE-specific TA to allow UE adjusting UL timing for long PUSCH and PRACH transmission.
Proposal 3	UE-specific TA is done per N time units for long PUSCH and PRACH transmission, where UE-specific TA does not vary within a block of N time units. FFS on N time units.
Proposal 4	UE is allowed to perform UE-specific TA when the initial transmission timing error per N time units is larger than Te_NTN. FFS whether to reuse the legacy Te or introduce a new Te_NTN.
Proposal 5	A validity timer for UL synchronization may not be needed.
Proposal 6	New channel raster with a step size increased to be greater than 100 kHz.
Proposal 7	RAN1 shall discuss whether a common frequency pre-compensation offset on the DL service link is needed.
Proposal 8	Validity of GNSS Measurements, e.g., a timer for GNSS measurement, may not be needed.
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