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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-bis-e, several aspects were identified to enhance the timing and frequency synchronization for IoT in NTN [1]
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A


Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.


In this contribution, we discuss the key issues of time and frequency synchronization for IoT over NTN.

[bookmark: _Ref129681832]Discussion
UL time and frequency synchronization enhancement
GNSS capability in the UE is taken as the working assumption for the study of IoT over NTN. With this assumption, UE can estimate and pre-compensate the timing and frequency offset of the service link based on its GNSS acquired position and serving satellite ephemeris with sufficient accuracy [2]. From this perspective, some of the agreement and solutions developed in NR NTN can be applied for IoT over NTN. 
TA drift rate for TA maintenance
Before discussing the enhancements on TA maintenance, the primary features of NB-IoT are identified as follows：
· Both DL and UL may require a large number of repetitions to ensure the coverage. The number of repetitions for UL can be up to 128 and the corresponding transmission duration will be longer than 2 seconds. 
· A 40 ms UL gap is applied after 256 ms UL transmission duration to allow UEs to perform time and frequency synchronization 
· For preamble transmission, there will an UL gap inserted after 64 times of preamble repetition and the maximum times of repetition is 128. 
· Even with UL gap after each segment of 256 ms, an NB-IoT will not receive TAC for TA adjustment during each report.
· An NB-IoT UE will only monitor system information in RRC idle mode, which means that any common timing/frequency offset broadcast in SIB1 cannot be received by UE during UL transmission with long duration. 
· An NB-IoT UE works in half duplex mode, which means that UL transmission and DL reception will not happen simultaneously. 
Table 1. Preamble formats of NB IoT
	Preamble format
	
P
	
	
	Duration of one repetion
	Maximum time-continuous transmission
	Time duration with maximum repetions

	0
	4
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	5.6ms
	358.4ms
	756.8ms

	1
	4
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	6.4ms
	409.6ms
	859.2ms

	2
	6
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	3
	19.2ms
	307.2ms
	2737.6ms
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Figure 1.  Maximum allowed time-continuous transmission with different elevation for LEO-600km
There are 3 preamble formats applicable for FDD as shown in Table 1 where P is the number of symbol groups in a preamble repetition. For preamble formats 0 and 1, a gap of 40ms (40‧30730Ts) will be inserted after transmissions of 64 repetitions () while for formats 2 a gap with the same length will be inserted after 16 times of repetitions (). The maximum number of repetitions for preamble is 128. According to Table 1, the maximum duration of time-continuous transmission is up to 409.6ms and the duration with maximum preamble repetition number is up to 2737.6ms. The timing offset introduced by the movement of satellite during the whole preamble transmission is around 4174 Ts with 10° elevation. Such a large timing offset will degrade the detection of the preamble sequence and as a result cause the failure of random access. If TA is compensated during the UP gap, the maximum timing drift after the time-continuous transmission is around 625Ts with 10° elevation which is larger than the timing error limit of 80Ts defined in [4]. Figure 1 illustrates the maximum allowed time-continuous transmission with different elevation for LEO-600km. Therefore, at least TA adjustment should be applied during the long preamble transmission to compensation the large timing drift. It should be noted that with different TA adjustment during preamble transmission the detection window at the gNB side need to be adjusted accordingly.
Observation 1: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Proposal 1: UE autonomous TA adjustment should be applied during the long preamble transmission duration to compensate the large timing drift.
For UL data transmission, an UL gap duration will be inserted after each 256 ms of transmission, the timing offset is around 390 Ts with 10° elevation, which is larger than the timing error requirement for the UL transmission. To compensate the timing drift and reduce the timing error to within the maximum allowed timing error, shorter segmentation for UL transmission should be introduced for NTN IoT. In other words, extra UP gaps should be inserted during each 256 ms transmission. 
Observation 2: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Proposal 2: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Unlike terrestrial NB-IoT, the maximum allowed time-continuous transmission for IoT NTN is depend on the TA drift rate which varies with different elevations and orbital heights. It is more flexible to signal the maximum allowed time-continuous transmission in the system information according to the relative speed or elevation between satellite and its service cell or beam. To align with the existing protocol, the time-continuous repetition number for preamble and time-continuous duration for UL data transmission for IoT NTN can be indicated by system information.
Proposal 3: Indicate time-continuous repetition number for preamble and time-continuous duration for UL data transmission in the system information for IoT NTN
If the TA compensation for TA drift caused by the movement of satellite TA needs to be updated during one UL transmission, UE needs to acquire the system information carrying satellite ephemeris and common TA indication for TA drift calculation. However, an NB-IoT device will not receive system information in the RRC connected mode. Moreover, decoding system information during UL repetition or receiving closed loop TAC command will introduce extra power consumption which is not preferable for IoT devices. To solve this issue, TA drift rate can be applied to calculate the timing drift during long UL transmission. The TA drift rate applied by UE side is composed by common TA drift rate part (drift rate of ) and UE specific TA drift rate part (drift rate of ). The UE specific part can be derived by UE location and satellite ephemeris and the common TA drift rate part should be indicated by the network. Both of the drift rates have to be applied by the UE side to track the TA variation from service link part and feeder link part, respectively. The detailed TA calculation based on TA drift rate in given in [2].
Observation 3: Decoding system information or receiving closed loop TAC command for TA adjustment during UL repetition will introduce extra power consumption for IoT devices.
Proposal 4: Using TA drift rate to calculate and compensate the TA drift for UL transmission with long duration.
UL frequency alignment
Similar to NR NTN, frequency pre-compensation should be applied to reduce the DL detection complexity at the UE side. It is discussed in our companion paper [3] that the indication of frequency pre-compensation, is normalized to a predefined subcarrier spacing considering the tolerance of frequency offset for UL. For UL frequency alignment, as there is almost no difference of complexity for UE to do frequency pre-compensation with different values, it is straightforward to adopt a scheme with as less indication as possible. To avoid extra signaling overhead, the post-compensated common frequency offset for UL transmission can be equivalent to the pre-compensated common frequency offset applied for DL due to the same geometry of UL and DL.  Another scheme is that the frequency offset from the feeder link part is compensated by the satellite and the service link part is compensated by UE according to the position and ephemeris. In summary, only frequency offset (DL pre-compensation) is needed for IoT NTN.
Proposal 5: The indication of DL frequency pre-compensation is normalized to a predefine subcarrier spacing.
Proposal 6: To reduce the signaling overhead, only DL pre-compensation indication is needed and sufficient for UL frequency alignment.

RACH failure due to long transmission duration
[image: ]
[bookmark: _Ref59821633]Figure 2. NB-IoT UE RACH failure due to insufficient coverage time
In NB-IoT, an extensive number of repetitions is supported to effectively exploit the time variation of the wireless channel for coverage enhancement, up to 2048 repetitions in DL and up to 128 repetitions in UL. The large number of repetitions implies that the UL and DL transmission can take a long time, for instance, RACH procedure may take more than 20 seconds for an NB-IoT. Take Figure 2 as an example, an NB-IoT UE performs random access NTN in a moving cell coverage (Cell 1), and the remaining time for the UE to stay in Cell 1 is 18 seconds. If RACH procedure of this UE needs more than 18 seconds, this UE may not be able to complete initial access in Cell 1. The reason for this is that the UE has entered another cell coverage (Cell 2), when the Cell 1 sends Msg4 to it. As a result, RACH failure may occur due to the fact that an NB-IoT UE may stay in a cell for a short time. This leads to increased UE power consumption which needs further study, since low-cost NB-IoT UEs are usually also power-sensitive.
Observation 4: RACH failure may happen for an NB-IoT UE since it may stay in the cell for a short time, which leads to increased power consumption.
Other NPRACH enhancement 

[image: D:\NTN\Documents\3GPP Tdoc\RAN1\RAN1_105e\IoTNTN02.jpg]
Figure 3. NPACH enhancement with different time offset for adjacent start subcarrier 
With large repetition number or transmission duration and small CSC, the frequency error during NPRACH may cause ICI. The factors that introduce ICI include the accuracy of UE location, accuracy of predicted ephemeris and frequency error from hardware. In the current NB IoT protocol, the RO in the time domain is depend on the NPRACH periodicity and a start time relative to each period. To avoid ICI, NPRACH with adjacent subcarrier (the start subcarrier for frequency hopping) can be allocated to different start time or different NPRACH period as shown in Figure 3. With this NPRACH design, larger tolerance for time and frequency error can be realized.
Proposal 7: Introduce time offset for adjacent NPRACH subcarriers to avoid inter-carrier interference.


Conclusion
In this contribution, we discuss the time/frequency adjustment, RACH enhancement and power consumption introduced by GNSS and NTN related SIB reading in IoT NTN. The following observations and proposals are presented.
Observation 1: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Observation 2: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Observation 3: Decoding system information or receiving closed loop TAC command for TA adjustment during UL repetition will introduce extra power consumption for IoT devices.
Observation 4: RACH failure may happen for an NB-IoT UE since it may stay in the cell for a short time, which leads to increased power consumption.
[bookmark: _GoBack]Proposal 1: UE autonomous TA adjustment should be applied during the long preamble transmission duration to compensate the large timing drift.
Proposal 2: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Proposal 3: Indicate time-continuous repetition number for preamble and time-continuous duration for UL data transmission in the system information for IoT NTN
Proposal 4: Using TA drift rate to calculate and compensate the TA drift for UL transmission with long duration.
Proposal 5: The indication of DL frequency pre-compensation is normalized to a predefine subcarrier spacing.
Proposal 6: To reduce the signaling overhead, only DL pre-compensation indication is needed and sufficient for UL frequency alignment.
Proposal 7: Introduce time offset for adjacent NPRACH subcarriers to avoid inter-carrier interference.
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