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1. Introduction
In RAN1#104e, 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, polarization indication 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 multiple satellite beams or a single satellite beam, 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 reducing frequent handover, option A (a cell with multiple beams) is preferred. 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, which is also not preferred by the IoT device. For example, 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, which is not held in NTN scenarios. 
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. Explicit beam ID indication: 





For a cell with multiple satellite beams, beam ID can be included in system information as a new information element. For example, a beam ID can be constructed using a similar way as used by current cell ID construction, i.e., . The  can be used in PBCH bit scrambling together with the . Or the  can be used as cover code applied on multiple OFDM symbols of SSS. And the  is included in MIB as a new information element, which is only applicable for IoT over NTN scenarios.
2. Implicit beam ID indication: 





In IoT over NTN scenarios, a key performance criterion 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 each PBCH repetitions to carry. Besides, the scrambling code applied on PBCH or PBCH CRC can also be used to carry, or part of  (e.g.,  and/or) in an implicit way. Furthermore, considering resource reuse scheme among beams, a given beam may use a predefined frequency resource only, e.g., anchor/non-anchor carrier for NB-IoT and narrowband for eMTC. The association between beam and resource can be studied in this case.
In addition, in case of transmission with larger repetition, the beam switching may occur during the transmission time interval, which is different from the case in NR. As a result, for IoT over 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 both explicit and implicit ways.
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 switching 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, which is beneficial for the system with terminal supporting different polarization. In IoT-NTN, since the circular the polarization can also be optional supported by the terminal based on the agreement in [RAN1#103e], the indication of polarization can also be considered with following signalling:
· SIB based indication
The logical channel carried by SIB1 is BCCH, which is applicable for cell level indication. An NTN specific SIBx can be used to carry all other system information related to NTN scenarios. A UE checks the network type to see whether it is necessary to monitor the NTN SIBx. The DL beam level polarization indication can be a 1-bit field with options of {left hand circular polarization (LHCP), right hand circular polarization (RHCP)}. 
· RRC based indication
In this way, the polarization indication can be included in the configuration in UE specific way for channels, e.g., NPDSCH/NPDCCH for NB-IoT. The DL polarization for each indication can be a 1-bit field with options of {left hand circular polarization (LHCP), right hand circular polarization (RHCP)}.
Proposal 5: DL polarization indicated by SIB or RRC can be considered.
1. Power consumption
In IoT over NTN, the UE needs to obtain satellite position from the system information and to estimate its own position based on GNSS signal. With known position of itself and the satellite, the UE is able to pre-compensate the time offset and the frequency offset. These procedures increase the power consumption of the IoT devices, which will largely reduce their battery life and needs to be further investigated. 
Moreover, for a fixed UE, the wireless signal from non-terrestrial network may be discontinuous and fluctuate in strength, as shown in Figure 2. For the sake of power saving, optimization on the reception/scheduling for the UE can be considered, e.g., the UE will be in “off” mode if out of coverage or with week signal strength. 

[image: ]
[bookmark: _Ref15609]Figure 2. An example of wireless signal strength in non-terrestrial network

In legacy NB-IoT, the sleep of a UE is determined by the PSM and eDRX configuration. For each UE, the parameters c-eDRX cycle, i-eDRX cycle and TAU timer will be configured by the BS. The UE will periodically wake up to receive possible PDCCH or paging signal, and enter sleep or standby state in the rest time of each cycle, as shown in Figure 3. However, for each UE the service window of satellites won’t appear periodically, especially for the simulation parameter set-4 which has discontinuous coverage. It is impossible to configure the UE to wake up in service windows of satellites by legacy eDRX and PSM techniques. An enhancement on the eDRX and PSM techniques for aperiodic sleep is needed to achieve better power saving in NTN.

[image: state transition]
[bookmark: _Ref31603]Figure 3 The state transition of an NB-IoT UE

Proposal 6: Enhance the legacy eDRX and PSM techniques to support aperiodic sleep.
1. Conclusions
In this contribution, technical issues and possible solutions to support IoT over NTN is conducted with following proposals: 
[bookmark: _GoBack]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 both explicit and implicit ways.
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: DL polarization indicated by SIB or RRC can be considered.
Proposal 6: Enhance the legacy eDRX and PSM techniques to support aperiodic sleep.
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