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1 Background
In RAN1#107-e, the following agreements for eMTC/NB-IoT over NTN were made with regards to this agenda item:
GNSS validity:
Agreement
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
Agreement
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling. 
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

Validity timer for UL Synchronization:
Agreement
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.
Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB. 
Agreement
Validity timer for UL synchronization should be started/restarted with configured timer validity duration at the epoch time of the assistance information.
 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 NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC:
Agreement
For eMTC PUCCH/PUSCH with frequency hopping enabled, the UE can adjust the uplink transmit timing when hopping to a new narrowband if the frequency hopping interval is less than or equal to the configured transmission segment duration.
Agreement
For eMTC PUCCH, a 3-bit field to indicate K=7 values for the uplink transmission segment duration:
·         2 4 8 16 32 64 128 subframes
Agreement
For eMTC PUCCH/PUSCH with frequency hopping enabled, the UE can adjust the uplink transmit timing and transmit frequency when hopping to a new narrowband if the frequency hopping interval is less than or equal to the configured transmission segment duration.

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) 

For NPRACH for NB-IoT and PRACH for eMTC:
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

UL segmented transmission configuration:
Agreement
UL transmission segment duration with one value X per NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC may be indicated on SIB.
· For NB-IoT/eMTC, X is one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH/PUCCH
· The value X for eMTC PUSCH applies for full-PRB allocation and should be divided by 2, 4 and 8 for sub-PRB allocation of 6, 3 and 2-out-of-3 tones allocation, respectively.

Agreement
At least UL transmission segment duration with one value X for NPRACH for NB-IoT and PRACH for eMTC may be indicated on SIB
· For NB-IoT/eMTC, X is one of K candidate values for the UL transmission segment duration of NPRACH/PRACH 
· FFS One value X, one or more values Xi 

Agreement
UL Segmented transmission NPRACH/NPUSCH for NB-IoT is not supported in GEO based on UE feature
.
Agreement
For NB-IoT NTN, the network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field, where the size of the k-bit field and the number of K candidate values depend on the preamble format.
· Format 0 and format 1: 3-bit field, K=6 candidate values 2.4.(TCP+TSEQ), 4.4.(TCP+TSEQ), 8.4.(TCP+TSEQ), 16.4.(TCP+TSEQ), 32.4.(TCP+TSEQ), 64.4.(TCP+TSEQ)
· Format 2:  3-bit field, K=5 candidate values 1.6.(TCP+TSEQ), 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)  

Agreement
Support network re-configuration of UL transmission segment by dedicated RRC Signalling

DL Synchronization enhancements:
Agreement
For DL synchronization enhancements:
· Signal Part-of ARFCN indication on MIB for bands where RAN4 cannot introduce a 200 kHz channel raster and the legacy 100 kHz raster is used, otherwise for bands where RAN4 can introduce a 200 kHz channel raster there is no signalling of the part-of ARFCN indication on MIB.

Agreement
For IoT NTN, indicate two LSBs of the ARFCN in the MIB. 

Synchronization aspects common to IoT NTN and NR NTN:
Agreement
The following agreements from NR NTN are re-used for IoT NTN 
The granularity of Common TA is set to be 1.Ts  
 
Conclusion
The following conclusion from NR NTN is re-used for IoT NTN 
Conclusion: Do not define a TA margin.

Working assumption:
Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are indicated with the following range, granularity and bits allocation:

	Parameter name
	Value range
	Granularity
	Bits allocation

	TACommon
	0 ...8316827  
(i.e: 0… 270.73 ms) 
	32.55208 ×10-3 μs
	23 bits

	TACommonDrift
	- 261935… + 261935
(i.e: -53.33   μs/s… +53.33 μs/s)
	0.2×10-3μs/s
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 μs/s2)
	0.2×10-4μs/s2
	15 bits

	 -        Value ranges are given in unit of corresponding granularity
	 
	 
	 



Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network: 
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits 
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits 
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload 
· Semi-major axis α (m) is 33 bits 
· Range: [6500, 43000]km
· Eccentricity e is 19 bits 
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits 
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits 
· Range: [0, 2π]
· Inclination i (rad) is 20 bits 
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits 
· Range: [0, 2π]
 
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.

In this contribution, we provide our views on the remaining aspects related to time and frequency synchronization for IoT-NTN.
2 Frequency pre-compensation description in TS 36.211
Current RAN1 specifications do not capture the concept of frequency pre-compensation that the UE needs to apply when communicating with an NTN, for a successful uplink transmission. For timing pre-compensation, the definition of TA does capture the NTN-specific terms,  and , in Section 8.1 of 3GPP TS 36.211. To make the RAN1 specifications clear, we propose to similarly describe the concept of frequency pre-compensation (or, frequency adjustment) for uplink transmission in TS 36.211. This may be included as a separate (new) section on uplink frequency, or, alternatively, be described in the SC-FDMA signal generation for the uplink, in Section 5.6 (eMTC) and Section 10.1.5 (NB-IoT).
Even if, later, performance requirements in RAN4 specifications implicitly capture the aspect of uplink frequency pre-compensation needed to be performed by the UE to meet the requirements, it is worth noting that the RAN4 specifications for IoT over NTN will not be ready in Release 17. As a result, it is imperative that the RAN1 specifications describe the concept of frequency pre-compensation.
Proposal 1: Describe the concept of (NTN-specific) frequency pre-compensation/adjustment for uplink transmission in the physical layer specifications (3GPP TS 36.211), analogous to the current description of NTN-specific timing pre-compensation in Section 8.1 of TS 36.211 on Timing Advance.
· Option 1: Create a new section to describe frequency pre-compensation/adjustment for uplink transmission
· Option 2: Describe frequency pre-compensation in the sections on SC-FDMA signal generation (5.6 and 10.1.5) 
3 Feeder Link TA drift rate compensation in GEO
Currently, the Feature Group corresponding to “Basic IoT over NTN support” (FG 2-1 in the draft version of R1-2111813) mentions the following as a component:
· “…6. UE applies common TA [in RRC_IDLE and RRC_CONNECTED] according to the parameters provided by the network (UE considers common TA as 0 if the parameter is not provided) (if any) …”
The common TA parameters in general include the parameters TACommon, TACommonDrift and TACommonDriftVariation, with the latter two indicating adjustments related to the common TA drift. However, in GEO NTNs (which is the intended base case corresponding to FG 2-1), the drift/variation in the common TA is negligible. To this end, for simplified operation over GEO NTNs, we propose to modify the requirements on applying common TA to only include the common TA (i.e., the term TACommon), and not the drift/variation parameters.
Proposal 2: For GEO NTNs, a UE applies common TA only in accordance with the common TA term, TACommon, and is not required to process the drift/variation parameters TACommonDrift and TACommonDriftVariation.
4 Gaps in segmented pre-compensation for long uplink Tx
It has been agreed that—based on a UE capability—certain UEs may need gaps between segments, when performing segmented pre-compensation for uplink transmission in NTNs. This behaviour, i.e., that a UE indicating the need of such gaps is not expected to transmit in the uplink for the duration of the gap (in slots), needs to be captured in the RAN1 specifications. Currently, uplink gaps for other purposes (e.g., the 40 ms uplink gap after 256 ms of continuous transmission), are specified in TS 36.211 Sections 5.3.4 (for eMTC, based on the capability ue-CE-NeedULGaps) and 10.1.3.6 (for NB-IoT). A similar approach may be adopted to describe the uplink gaps due to segmented pre-compensation in NTNs.
Below, we provide candidate TPs to capture this.
<TP1, Section 5.3.4, TS 36.211>
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a gap of  time units shall be inserted, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331. BL/CE UL subframes within the gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH. The quantity  is provided by higher layers, and the quantity  is one subframe.



For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a gap of  time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as specified in 3GPP TS 36.331 [9]. BL/CE UL subframes within the gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.
</TP1>
<TP2, Section 10.1.3.6, TS 36.211>
For a UE communicating over NTN, after transmissions and/or postponements due to NPRACH of  time units, for frame structure type 1, a gap of  time units shall be inserted according to the UE capability ue-NBIOT-NeedSegmentedPrecompensationGaps , as specified in 3GPP TS 36.331. UL slots within the gap of  time units shall be counted for the NPUSCH resource mapping but not used for transmission of the NPUSCH. The quantity  is provided by higher layers, and the quantity  is one slot. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.





NPRACH gaps as defined in clause 10.1.6.1 are not part of the NPRACH resource. For frame structure type 2, the valid uplink subframes which are not used for NPRACH transmission when it is not possible to map G symbol groups back-to-back are not part of the NPRACH resource. The mapping of  is then repeated until  slots have been transmitted. After transmissions and/or postponements due to NPRACH of  time units, for frame structure type 1, a gap of  time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.
</TP2>
Proposal 3: Specify capability-based uplink gaps due to segmented pre-compensation in TS 36.211, during which a UE indicating the need of such gaps is not expected to transmit in the uplink for the requisite number of uplink slots.
· These may be described in the “Mapping to physical resources” sections for PUSCH (Section 5.3.4) and NPUSCH (Section 10.1.3.6), analogous to the existing 40 ms gap after 256 ms of continuous uplink transmission.
· Candidate TPs capturing this—TP1 and TP2 in this contribution—may be endorsed.
5 Aspects related to validity timer for satellite ephemeris
It has been agreed that the validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e., serving satellite ephemeris data), while the precise definition of epoch time considering SIB repetitions is FFS.
In NB-IoT and eMTC, there may be a significant number of repetitions for this (or indeed, any other) SIB, depending on the coverage levels. As a result, it is important to define from where—over these potential repetitions—the validity duration is counted. To make sure that the validity duration value broadcast in the SIB is the most accurate, we propose to start counting the validity duration from the first repetition of such a multi-repetition SIB that contains the ephemeris (and, if applicable, common TA) parameters.
Proposal 4: The duration of valid ephemeris (and common TA, if applicable) is counted starting from the first repetition of the SIB carrying satellite ephemeris (and, if applicable, common TA-related) information.
6 RRC parameter for 2 bits of ARFCN in NB-MIB
The RRC parameter list is missing the RRC parameter corresponding to the indication of the 2 LSBs of the ARFCN in the MIB for NB-IoT, in accordance with the relevant agreement in RAN1#107-e. This should be added to the RRC parameter list.
Proposal 5: Add an RRC parameter to the RRC parameter list, corresponding to the 2 LSBs of the ARFCN in the MIB for NB-IoT, in accordance with the RAN1#107-e agreement.
7 Conclusion
In this contribution we presented our views on enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization. We summarize our proposals below.
Proposal 1: Describe the concept of (NTN-specific) frequency pre-compensation/adjustment for uplink transmission in the physical layer specifications (3GPP TS 36.211), analogous to the current description of NTN-specific timing pre-compensation in Section 8.1 of TS 36.211 on Timing Advance.
· Option 1: Create a new section to describe frequency pre-compensation/adjustment for uplink transmission
· Option 2: Describe frequency pre-compensation in the sections on SC-FDMA signal generation (5.6 and 10.1.5) 
Proposal 2: For GEO NTNs, a UE applies common TA only in accordance with the common TA term, TACommon, and is not required to process the drift/variation parameters TACommonDrift and TACommonDriftVariation.
Proposal 3: Specify capability-based uplink gaps due to segmented pre-compensation in TS 36.211, during which a UE indicating the need of such gaps is not expected to transmit in the uplink for the requisite number of uplink slots.
· These may be described in the “Mapping to physical resources” sections for PUSCH (Section 5.3.4) and NPUSCH (Section 10.1.3.6), analogous to the existing 40 ms gap after 256 ms of continuous uplink transmission.
· Candidate TPs capturing this—TP1 and TP2 in this contribution—may be endorsed.
Proposal 4: The duration of valid ephemeris (and common TA, if applicable) is counted starting from the first repetition of the SIB carrying satellite ephemeris (and, if applicable, common TA-related) information.
Proposal 5: Add an RRC parameter to the RRC parameter list, corresponding to the 2 LSBs of the ARFCN in the MIB for NB-IoT, in accordance with the RAN1#107-e agreement.
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