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In RAN#86, a new SI on NB-IoT/eTMC support for NTN was proposed and the first objective of this study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including [1]:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821 [2].
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
NOTE 3: GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
In this contribution, we provide some analysis on the simultaneous operation of GNSS and NB-IoT/eMTC, and CE Levels in IoT NTN.

Discussion
Simultaneous operation of GNSS and NTN NB-IoT/eMTC
This SI assumes GNSS capability for IoT NTN terminals [1]. For the purpose of continuous tracking, in terrestrial networks, GNSS is typically implemented as an independent module with dedicated memory and processor, thus commination module and GNSS module can handle service requests simultaneously. In [9], the GNSS measurement window was discussed as GNSS and NTN NB-IoT/eMTC may not simultaneously operated. In this paper, the necessity of GNSS measurement window is analysed.  
Currently, all the GNSS signals adopt clockwise or right-handed circular polarization (RHCP). The Line-Of-Sight (LOS) signal transmitted by satellites is RHCP [3]. When the signal is reflected, with an odd reflection number, the received signal becomes left-hand circular polarized (LHCP) [4].
Theoretically, two orthogonal polarized waves are completely isolated, which means that an antenna can be configured with two receiving or sending ports, each of which matches only one polarized wave and is orthogonal to the other. In satellite communication systems, it is useful to use the characteristics of orthogonally polarized waves as additional isolation when transmitting and receiving in adjacent channels.
Such scheme is called the dual-polarization frequency reuse (DPFR) scheme, which simultaneously transmits two independent data streams in the same frequency with both LHCP and RHCP [5]. 
Practically, atmospheric depolarization converts a portion of a signal with a particular polarization to a different polarization. For example, when an RHCP wave is depolarized, a small amount of RHCP wave energy is transferred into LHCP wave energy. Here, the desired polarization (RHCP) is called the co-polarization and the undesired polarization (LHCP) is called the cross-polarization. Depolarization poses a special problem to the DPFR communications link by creating signal crosstalk between channels. Crosstalk is an undesired signal in a communications channel in the same frequency band as the desired signal, and depends on the isolation between two polarizations at the output of the receiving antenna. The cross-polarization isolation - the ratio of power levels of the desired co-polarization signal to the undesired cross-polarization signal - is a benchmark for quantifying the performance of a DPFR link. (Another common expression for this benchmark is cross-polarization discrimination.)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the absence of atmospheric depolarization, the isolation between the LHCP and RHCP signals is 30 dB or more. There are lots of techniques that use the polarization characteristic of GNSS signal to enhance the positioning accuracy by interference cancellation and multipath detection. If a linear polarized omnidirectional antenna is used to receive the circular polarized signal, there will be at least 3 dB polarization loss. Thus, a circular polarization GNSS antenna could best exploit the structure and power of a GNSS signal.
At RAN#103-e, omnidirectional antenna (linear polarization) with 0 dBi TX antenna gain and 0 dBi RX antenna gain is agreed as the C-IoT device antenna parameter. Based on the note 4 in Table 5.1-1, the use of a Circular polarized antenna is optional [6]. For IoT NTN UE, circular polarization antenna only performs better (3dB) when the UE is in a stable platform and the antenna can be orientated. Else, linear polarization antenna has similar performance as circular polarization antenna, especially in a multi scattering environment [7].  
For GNSS, devices adopt circular polarization antenna to ensure the positioning accuracy by frontend multipath suppression and interference rejection, except for highly integrated consumer UEs. Therefore, IoT NTN UE will naturally choose circular polarization antenna to receive the GNSS signal, which exploits the high sensitivity of circular polarization antenna to further lower the power consumption and eases the bottleneck battery life problem for C-IoT device. 
Observation 1: Using a circular polarized antenna for GNSS may benefit the C-IoT device performance and battery life while linear polarization antenna may be used for communication.
[bookmark: _Ref66440280]Table 1 GNSS Frequencies and Signals
	System
	Frequency (MHz)

	GPS
	1176.45; 1227.6; 1575.42;

	GLONASS
	1202.025; 1242.9375-1251.6875; 1598.0625-1609.3125

	Galileo
	1176.45; 1191.795; 1207.14; 1278.75; 1575.42

	BeiDou
	1176.45; 1207.14; 1268.52; 1575.42;1561.098

	NAVIC
	1176.45

	SBAS
	1176.45; 1575.42

	QZSS
	1176.45; 1227.6; 1278.75; 1575.42



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]At RAN1#103-e, Frequency Range (service link) < 6 GHz (e.g. 2 GHz in S band) was agreed as the reference scenario for TR 36.763. Table 1 shows the frequencies used by the current GNSS are all in the L band.  Clearly, the IoT NTN and GNSS service link will not share the same frequency spectrum and will be most likely working in different frequency bands (i.e. L and S band). A wideband antenna to cover both NTN IoT/eMTC and GNSS will increase the hardware cost, degrade the frontend efficiency and bring in other signal processing complexity (e.g. filtering, isolation, and amplifying). 
Observation 2: GNSS and NTN NB IoT/eMTC may operate in sufficiently separated frequency bands to prevent the feasible use of a wideband antenna.
In summary, separated narrow band antennas and independent polarization between NTN IoT/eMTC and GNSS may be more suitable for the low-cost NTN C-IoT devices. Thus, the front end architecture of a NTN IoT device will not be an issues in GNSS measurement window design.
In addition, it is analysed in [8] that GNSS position fix could be scheduled when NB-IoT is idle with eDRX (>= 81.92 s) or PSM to prevent any paging missing in NB-IoT [8], which mean that GNSS measurement window can be applied by implementation even NTN IoT / eMTC and GNSS share the same RF front.
Observation 3: IoT NTN devices can support both GNSS and NB-IoT/eMTC by separated/shared/partially shared hardware architecture between GNSS and C-IoT module.
Proposal 1: GNSS measurement window can be applied by implementation with separated/shared/partially shared hardware architecture between GNSS and C-IoT module.
CE levels in IoT NTNUE
eNodeB
SIB2-NB
Random Access Preamble
(RACH)
Random Access Response (RAR)
(DL-SCH)
Msg3
(UL-SCH)
Contention Resolution (Msg4)
(DL-SCH)
· NPRACH-ConfigSIB-NB-r13
· RACH-ConfigCommon-NB-r13
UE determines its CE level by the measured RSRP and chooses the corresponding NPRACH resources. The preamble grouping is selected based on whether supports multi-tone Msg3.
[bookmark: _Ref66786804]Figure 1 Contention-based Random Access Procedure

In order to cope with different wireless channel conditions, NB-IoT defines up to three coverage enhancement levels (CE level) : CE level 0 to CE level 2, corresponding to 144 dB, 154 dB and 164 dB MCL signal fading, respectively. CE Level 0 corresponds to normal coverage (best channel condition); CE level 2 corresponds to the worst channel condition and considers that the coverage may be very poor. The number of CE levels is determined by the network side. For each CE level, the cell will broadcast a power threshold list of the received reference signals. Different CE levels mainly affect the number of messages sent repeatedly. If the channel condition is poor, it needs to send more than several times.
This repeated transmission of the same signal challenges power saving in low complexity NB-IoT devices. Additionally, the NB-IoT devices are expected to suffer from congestion due to simultaneous random access procedures (RAPs) from an enormous number of devices..
Figure 1 illustrates the NB-IoT contention-based random access procedure with the CE level related determinations, which includes the following steps:
A. UE sends the RA preamble.
B. eNodeB sends RAR, which includes the timing advance command and the uplink resource scheduling information for step C.
C. UE sends its unique ID to eNodeB through the specified uplink resources in step B.
D. eNodeB sends a contention resolution to resolve the confliction caused by multiple UEs sending the same preamble.
Before initiating the random access procedure, UE must receive SIB2-NB to get configuration information related to random access. Here, the cell will define the number of CE levels and the RSRP threshold range of each CE level, define the NPRACH resources corresponding to each CE level, and tell UE through SIB2-NB. UE obtains the RSRP value by measuring the received power of the downlink signal and determines its CE level. At the same time, UE sends the preamble on the NPRACH resource corresponding to this CE level, which means that UE tells the cell its CE level through the selected NPRACH resource. Meanwhile, one CE-level NPRACH resource could be divided into two groups and UE selects one of them to indicate whether its Msg3 supports multi-tone transmission. After receiving the preamble, the cell knows the CE level of the UE and whether the Msg3 of the UE supports multi-tone transmission, then schedules the UE based on this information (the number of repetitions, the number of subcarriers used by Msg3 and etc.). 
More specifically, for a UE to determine its CE level: 
eNodeB broadcasts the number of CE levels and the threshold of each CE level, supported by the cell, through radioResourceConfigCommon-r13 –> nprach-Config-r13 -> rsrp-ThresholdsPrachInfoList-r13 in SIB2-NB.

NPRACH-ConfigSIB-NB-r13 ::=			SEQUENCE {
	nprach-CP-Length-r13				ENUMERATED {us66dot7, us266dot7},
	rsrp-ThresholdsPrachInfoList-r13	RSRP-ThresholdsNPRACH-InfoList-NB-r13	OPTIONAL,	-- Need OR
	nprach-ParametersList-r13		NPRACH-ParametersList-NB-r13
}


RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range


RSRP-Range ::=						INTEGER(0..97)
Figure 2 Number of CE levels and thresholds for each CE level
The number of CE levels equals the number of RSRP thresholds defined in rsrp-thresholdsPrachInfoList-r13 plus 1 :
1) If there is no rsrp-ThresholdsPrachInfoList-r13, the cell only defines one CE level, and there is no need to define the relevant threshold.
2) If the number of elements contained in the rsrp-ThresholdsPrachInfoList-r13 list is 1, which means only one RSRP threshold is defined, then the cell only supports two CE levels: CE level 0, if RSRP < the threshold; and CE level 1, if RSRP> the threshold.
3) If the number of elements contained in the rsrp-ThresholdsPrachInfoList-r13 list is 2, which means two RSRP thresholds T1 and T2 are defined in descending order, then the cell supports three CE levels: CE level 0, if RSRP < T1; CE level 1, if T1 <RSRP < T2, and CE level 2, if RSRP > T2.
If the random access process is not triggered by PDCCH order, the UE will obtain the RSRP value by measuring the received power of the downlink signal and compare it with the above-given threshold to determine its CE level.
If the random access process is triggered by the PDCCH order, the number of NPRACH repeats will be carried in the PDCCH order. The CE level indicated by the NPRACH resource corresponding to numRepetitionsPerPreambleAttempt-r13 is the CE level of UE, and the NPRACH resource will be the resource to send preamble. In other words, this is no need to determine the CE level by measuring RSRP.
Observation 4: A cell could define the supported number of CE levels and corresponding RSRP thresholds.
Observation 5: A UE will define its CE level by measuring RSRP or indicated by the PDCCH order.
After the UE determines its CE level, it will know how to NPRACH resource to send preamble, which is indicated by eNodeB through nprach-ParametersList-r13 in SIB2-NB.
Proposal 2: Number of CE levels and corresponding RSRP thresholds in NB-IoT can be resued for IoT over NTN.
PSM enhancement for NTN-IoT
Due to constellation topology varying with time, the IoT device may wake up from PSM at coverage holes. To avoid invalid wake-up, pre-defined wake-up occasions within PSM period, that determined by network based on ephemeris, can be configured via ATTACH ACCEPT or TRACKING AREA UPDATE ACCEPT message to UE. Based on this enhancement, there will be constrain for UE that: the device can only exit PSM on wake-up occasions, as shown below:

[image: ]
Proposal 3: Pre-defined occasions that indicating coverage presence shall be introduced for PSM.

Conclusions
In this contribution, we discuss the simultaneous operation of GNSS and NTN NB-IoT/eMTC, and CE levels in IoT NTN. The following observations and proposals are presented:
Observation 1: Using a circular polarized antenna for GNSS may benefit the C-IoT device performance and battery life while linear polarization antenna may be used for communication.
Observation 2: GNSS and NTN NB IoT/eMTC may operate in sufficiently separated frequency bands to prevent the feasible use of a wideband antenna.
Observation 3: IoT NTN devices can support both GNSS and NB-IoT/eMTC by separated/shared/partially shared hardware architecture between GNSS and C-IoT module.
Observation 4: A cell could define the supported number of CE levels and corresponding RSRP thresholds.
Observation 5: A UE will define its CE level by measuring RSRP or indicated by the PDCCH order.
Proposal 1: GNSS measurement window can be applied by implementation with separated/shared/partially shared hardware architecture between GNSS and C-IoT module.
Proposal 2: Number of CE levels and corresponding RSRP thresholds in NB-IoT can be resued for IoT over NTN.
Proposal 3: Pre-defined occasions that indicating coverage presence shall be introduced for PSM.
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