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1. Introduction
In RAN1#103e, the SI for IoT-NTN [1] has been discussed with agreements on the scenarios and UE assumptions. In this contribution, identified issues including beam management and power consumption are discussed. 
1. Technical issues to support IoT over NTN
1. Beam management
In NTN deployment, the coverage of a NTN cell can be implemented by either a single or multiple satellite beams as illustrated in Figure 1.
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[bookmark: _Ref61339436]Figure 1 Mapping between beams and Cell in [2] 
In NR-NTN discussion, both options are supported. However, from the viewpoint of signaling overhead and power consumption, option A is preferred. With the movement of the serving satellite, the signaling overhead and power consumption will be higher if option B is used. More specifically, with the deployment in option B, (1) RRC_CONNECTED UEs have to handover more frequently, and (2) RRC_IDLE UEs have to perform measurements and carry out cell reselection more frequently. 
For IoT over NTN, another drawback of option B is related to connected mobility control. In legacy NB-IoT, connected mobility (e.g., handover and measurement report) is not supported, since both NB-IoT UEs and eNBs are assumed to be generally stationary on Earth. However, this assumption does not hold in NTN scenarios. Moreover, repetition in UL/DL transmission is used in NB-IoT to achieve extreme coverage. In IoT over NTN, the supported repetition number is probably to be larger to combat the path loss. Thus the transmission interval may be longer than the service time of a satellite. If option B is used, the transmission between a UE and the gNB may be interrupt during serving cell changing. On the contrary, if option A is used, the transmission between a UE and the gNB can be handled by the same cell without RRC release and re-connection. Therefore, option A is preferable to minimize the impact from high layer and avoid the additional complexity.  
Since there is no concept of beam in legacy LTE including NB-IoT, following options can be considered to define beams in IoT over NTN scenarios:
1. Since IoT over NTN is expected to be deployed independently from a terrestrial network (TN), the physical cell ID (PCI) should be independently allocated as well. In this case, beam ID can be considered as a new part to be integrated into the PCI. Moreover, in IoT over NTN, the cell deployment is sparse due to the larger coverage, and the supported PCIs index can be re-interpreted to include beam IDs within a cell.
2. In IoT over NTN scenarios, a key performance criteria is coverage, and the NB-IoT PBCH repetition can be inherited to combat large path loss. The NB-IoT PBCH is transmitted with a period of 640ms. Each 640ms period contains 8 sub-period of 80ms. In each 80ms sub-period, an identical 1ms PBCH is transmitted in the subframe #0 of each radio frame. Based on high LOS probability and GNSS capability on UE side, extra cover code can be applied to PBCH repetitions to identify beams. The scrambling code applied on PBCH or PBCH CRC can also be used to carry beam ID.
3. Furthermore, following the NR discussion, the beam may also be mapped to certain frequency resource, e.g., anchor/non-anchor carrier for NB-IoT and narrowband for eMTC. And scheduling in beam specific way will be implemented by update the frequency resource.
In addition, in case of transmission with larger repetition, the beam switching may occur during the transmission time interval, which is different as NR. Then, for IoT-NTN, corresponding enhancements should also be studied to ensure the performance.
Proposal 1: Multiple beams per cell should be supported with potential enhancement to enable the beam management for IoT over NTN.
Proposal 2: Mechanisms to enable the beam identification in IoT over NTN should be considered via integrating beam ID into PCI or applying cover code on repetitions of PBCH.
Proposal 3: In IoT over NTN, mapping between beam and frequency resource should be studied. 
Proposal 4: In IoT over NTN, enhanced repeated transmission to tackle the interrupt due to beam switch should be studied. 
1. Polarization indication
In the NR-NTN discussion, the intention for enabling the polarization indication is to fix the potential polarization loss for link budget due to the mismatch among UE and satellite configuration. The benefits will be achievable once various UE type with different polarization is supported, otherwise, if only one polarization, e.g., linear without capability for adjustment is considered for IoT UE, the needs for such kind of indication is limited.
Proposal 5: Indication of polarization is only enabled once the various polarization mode is supported at UE side.
Then, once the solution is considered, similar approaches defined in NR can be directly reused with details listed in [3]. 
Proposal 6: The mechanism defined in NR-NTN can be reused for IoT-NTN if indication of polarization is enabled.
1. Power consumption
In IoT over NTN, the UE needs to receive satellite position from the system information and estimate its own position according to GNSS signal. With its own position and the satellite’s position, the UE is able to pre-compensate the timing offset and the frequency offset. The two procedure both may increase the power consumption of the IoT devices, which will largely affect their battery life and needs to be further investigated. 
Different states of a UE and the corresponding power consumption are already presented in [4]. The requirement for the frequency of GNSS reception is mainly determined by the movement of the UE and the requirement for the TO/FO. If the velocity of the UE is very small, the result of a GNSS reception can be valid for a long time, and the power consumption of the GNSS reception is negligible.
Proposal 7: Determine the movement assumption and TO/FO requirement to further estimate the power consumption of GNSS reception.
The position of satellite is calculated according to the discontinuous reception of the system information and a prediction method. The reception frequency is also determined by the requirement for the TO/FO and the accuracy of the prediction method.
Proposal 8: Determine the prediction method for satellite position and TO/FO requirement to further estimate the power consumption of GNSS reception.
1. Conclusions
In this contribution, technical issues and possible solutions to support IoT over NTN is conducted with following proposals: 
Proposal 1: Multiple beams per cell should be supported with potential enhancement to enable the beam management for IoT over NTN.
Proposal 2: Mechanisms to enable the beam identification in IoT over NTN should be considered via integrating beam ID into PCI or applying cover code on repetitions of PBCH.
Proposal 3: In IoT over NTN, mapping between beam and frequency resource should be studied. 
Proposal 4: In IoT over NTN, enhanced repeated transmission to tackle the interrupt due to beam switch should be studied. 
Proposal 5: Indication of polarization is only enabled once the various polarization mode is supported at UE side.
Proposal 6: The mechanism defined in NR-NTN can be reused for IoT-NTN if indication of polarization is enabled.
Proposal 7: Determine the movement assumption and TO/FO requirement to further estimate the power consumption of GNSS reception.
Proposal 8: Determine the prediction method for satellite position and TO/FO requirement to further estimate the power consumption of GNSS reception.
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