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1	Introduction
For IoT NTN the scenarios, in RAN2-112e meeting, RAN2 agreed GEO and LEO (altitude 1200 km and 600km, both steerable beams and fixed beams) with transparent payload should be supported.
	· [034] For 2.4.1-2, the proposed way forward to include the table 1 as reference scenarios for IoT NTN study in a TP for TR 36.763 is agreed
· [034] IoT NTN scenarios A, B, and C are in the scope of the study


In this contribution, we want to discuss the potential impact to TA and channel’s repetition number as the satellite moving in LEO.
2	Discussion
In LEO scenarios, the longer and varying RTD delays (e.g. from eNB to UE) of NTN depend heavily on the deployment scenario; i.e. earth-fixed or earth-moving cell, satellite altitude, satellite constellation, feeder link. As an example, Figure 1 provides the propagation delay for a few earth-fixed cell scenarios using a transparent LEO satellite. The first line (LEO-600 service link) defines the service link delay for an earth-fixed cell with assumption UE in a reference point at nadir and a satellite at 600 km altitude moving from a 30 degrees elevation angle on one side to 30 degrees elevation angle at the opposite side. The LEO-600 feeder link case 1 assumes the NTN gateway is at the exact same location, resulting the total delay illustrated with LEO-600 total case 1. A second feeder link case (LEO-600 feeder link case 2), is defined for a scenario where the NTN gateway is on the path of the satellite’s orbit, but 1200 km away. Furthermore, it is assumed the satellite at 600 km altitude is moving away from the gateway. The resulting total delay is given by LEO-600 case 2 total. Based on these examples it can be observed how the propagation delay varies significantly over time. 
[image: ]
[bookmark: _Ref53389133]Figure 1 Examples of earth-fixed cell propagation delays
Table 1 provides an overview of the minimum and maximum propagation delay for each of the earth-fixed cell cases described above. The minimum propagation delay is at least half, and in some cases even ¼ - 2/5, of the maximum propagation delay. 
[bookmark: _Ref53386524]Table 1 Examples of earth-fixed cell propagation delays
	Scenario
	Minimum propagation delay [ms]
	Maximum propagation delay [ms]

	LEO-600 service link
	4.0
	8.0

	LEO-600 feeder link case 1
	4.0
	8.0

	LEO-600 total case 1
	8.0
	16.0

	LEO-600 feeder link case 2
	4.0
	15.5

	LEO-600 total case 2
	9.5
	23.5



Observation 1: The delay variations caused by satellite moving is significant, especially for high altitude LEO deployment.
As mentioned in the SI [1], GNSS capability in the UE is taken as a working assumption in IoT NTN study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing (i.e. RTD from satellite to UE) with enough accuracy for UL transmission. 
For NB-IoT and eMTC UE, PRACH repetitions and PUSCH repetitions are supported to achieve coverage enhancement. Based on assumption that all UEs have timing pre-compensation capability, for UE in RRC idle, UE can do pre-compensation estimation and apply the estimated TA (i.e. 2*RTD) at least in first PRACH transmission. However, during the interval of PRACH repetition transmissions and the following Msg3 as well as data transmission, it is not clear whether UE can estimate the TA for the rest of PRACH repetitions and PUSCH repetitions, as it is mentioned in SI that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. Considering satellite is moving in LEO and long repetition duration (e.g. in NB-IoT uplink, the transmission periods is up to 40 seconds), according to observation 1, the TA between different repetitions may change a lot. Furthermore, in legacy LTE NB-IoT and eMTC, it is not allowed to update TA in duration of repetitions, see TS 36.133 v16.6.0: 7.20 UE transmit timing for NB-IoT
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.

7.24 UE transmit timing for Category M1
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.

If UE cannot  estimate and pre-compensate timing offset during the interval of PRACH repetitions or PUSCH repetitions, it is not acceptable to use one TA for entire repetition duration. 
Proposal 1: RAN2 to clarify, based on the assumption in IoT NTN SI description, whether NB-IoT and eMTC UE can estimate and pre-compensate timing offset during the interval of PRACH repetitions and PUSCH repetitions in LEO.
Proposal 2: In LEO, how to handle TA value changing during the repetitions should be considered in UL transmissions if UE cannot pre-compensation timing offset automatically.
As mentioned above, coverage enhancement (CE) is one feature for NB-IoT and eMTC networks, which can be achieved with the repetition transmission. The network can define up to three (for NB-IoT) or four (for eMTC) coverage enhancement level groups having different RA and EDT parameters incl. number of repetitions. Each group is associated with a RSRP threshold and UEs will select a group based on measured RSRP. The UE will transmit the premable with the configured PRACH resources and repetition number corresponding to the selected coverage level. For RRC Connected UE (i.e. after succesful RA), the base station(BS) will determine the repetition number for UL and DL data  transmission based on the  coverage level and the transmisison status of data. Since NB-IoT UE is almost stationary and with low-mobility in terrestrial network, the distance and pathloss between BS and UE don’t change a lot. But satellites in non-GEO orbits move with high speed relative to a fixed position on earth, and therefore the distance and pathloss (and thus SINR) between satellite and UE is continuous changing.  
Take the LEO with 600km and the 10° minimum elevation angle as the example, Figure 2 gives the pathloss changes with time.  
[image: ]
Figure 2    Pathloss changes with time
[bookmark: _GoBack]From the figure we can see the pathloss between the UE and the satellite is continuously changing with the movement of the satellite. For example, one NB-IoT UL transmission time will reach 40.96 seconds (e.g. NPUSCH format 1, 128 repetitions, 10 resource units, 1 subcarrier allocated with 3.75KHz SCS), in which the pathloss changes about 2dB.
Observation 2: The pathloss/RSRP/SINR will change during PRACH and PUSCH/PDSCH data transmission repetitions in LEO with moving satellite.
UEs with the same RSRP but located at different position may have different pathloss change trend. When the satellite is moving away from the UE, the change of pathloss is positive. When the satellite is moving towards the UE, the change of pathloss is negative. As shown in figure 3, UE1 and UE2 have the same distance to the satellite at the T1(e.g.,d1=d2), thus the pathloss between the satellite and the UEs are the same. At T2, the distance between UE1 and the satellite becomes smaller (i.e., the pathloss between UE1 and the satellite becomes smaller) and the distance between UE2 and the satellite becomes larger (i.e., the pathloss between UE2 and the satellite becomes larger). If the UE estimate the coverage level based on the measured RSRP, e.g, at T1, the pathloss /RSRP and the coverage level may be changed with the movement of the satellite, e.g, at T2 and the selected repetition number is not suitable. 
For example, if UE1 selects the coverage level based on the measured RSRP, e.g, at T1 and the pathloss  become smaller with the movement of the satellite, thus the required repetition number may be not so large since the channel condition becomes better, in this case,  the resource may be wasted and the power consumption will be large due to the large number of repetition. If UE2 selects the coverage level based on the measured RSRP, e.g, at T1 and the pathloss  become larger with the movement of the satellite, thus the required repetition number may be  increased  since the channel condition becomes worse, in this case, the transmission  is possible not to be decoded correctly and the retransmission maybe needed.  
Observation 3: In LEO, it is inaccurate to decide the number of PRACH/PUSCH /PDSCH repetition number by using the CE level determined by the RSRP measured before preamble transmission.
Since UE may achieve satellites ephemeris data (e.g. via SIB) and UE also has GNSS information, if the change trend of UE-satellite distance (or pathloss/RSRP/elevation angle/Doppler shift) can be considered by UE as well as NW during RACH procedure, UE and NW may  select more suitable  repetition number  based on the coverage level, or reselect a different coverage level, thus further optimize the resource usage of the network or reduce likelihood of RACH failure. Similarly, for data transmission, the change trend of  UE-satellite distance (or pathloss/RSRP/elevation angle/Doppler shift) can be considered together with the transmission status of the data, to reduce the transmission time as well as UE’s power consumption or reduce likelihood of data transmission failure. This is important for CE level which requires high number of repetitions (e.g. support high MCL, such as 164 dB).




Figure 3  The illustration of pathloss change with the movement of the satellite 
Proposal 3: It is beneficial for UE and NW to consider the change trend of radio conditions to determine the ECL and repetition number of PRACH and/or PUSCH/PDSCH, especially for UE in high CE level.
3	Conclusion
This document has made the following observations:
Observation 1: The delay variations caused by satellite moving is significant, especially for high altitude LEO deployment.
Observation 2: The pathloss/RSRP/SINR will change during PRACH and PUSCH/PDSCH data transmission repetitions in LEO with moving satellite.
Observation 3: In LEO, it is inaccurate to decide the number of PRACH/PUSCH /PDSCH repetition number by using the CE level determined by the RSRP measured before preamble transmission.
And proposed the following:
Proposal 1: RAN2 to clarify, based on the assumption in IoT NTN SI description, whether NB-IoT and eMTC UE can estimate and pre-compensate timing offset during the interval of PRACH repetitions and PUSCH repetitions in LEO.
Proposal 2: In LEO, how to handle TA value changing during the repetitions should be considered in UL transmissions if UE cannot pre-compensation timing offset automatically.
Proposal 3: It is beneficial for UE and NW to consider the change trend of radio conditions to determine the ECL and repetition number of PRACH and/or PUSCH/PDSCH, especially for UE in high CE level.
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