
3GPP TSG-RAN WG2 Meeting #112 electronic                                                   R2-2009071
November 2nd – 13th, 2020
Source:               ZTE Corporation, Sanechips
Title:                    Consideration on the scenarios for IoT over NTN 

Agenda item:      9.2.1
Document for:    Discussion and Decision
1 Introduction

The Rel-17 SI on NB-IoT/eMTC support for NTN have been approved in RAN#86[1]. The following objective is included in the study WID:

	The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:

-
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.

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 TR 38.821[2], some NR NTN study results are captured. Based on which, we will further discuss the scenarios of NB-IoT/eMTC support for NTN in this paper. According to the analysis, we will give some observations and proposals. 
2 Discussion

2.1 Device type with PC3 or PC5 (LEO and GEO)

In TN eMTC and NB-IoT, UE type with power class 3 (e.g. the the maximum UE output power is 23dBm), power class 5 (e.g. the maximum UE output power is 20dBm) and power class 6 (e.g. the maximum UE output power is 14dBm) are supported. But, the power class 6 is used mainly with battery size limited UEs, which has less UL coverage and is difficult to support transmission over NTN except some special UL coverage enhancement is considered.

Observation 1: It is difficult for UE with power class 6 to support transmission over NTN.

Furthermore, the pathloss of eMTC/NB-IoT over NTN is the same as that of NR over NTN, and the UEs with power class 3 and power class 5 are all supported over NTN, so, the eMTC/NB-IoT UEs with power class 3 and 5 can be supported over NTN.
Proposal 1: RAN2 confirms that the eMTC/NB-IoT UEs with power class 3 and 5 can be considered for IoT over NTN.
2.2 Satellite constellation orbit LEO and GEO

Since the GEO is relative fixed w.r.t earth with large beam size, we can assume that all UEs in the cells of eMTC/NB-IoT over GEO are relative fixed UEs with similar mobility as terrestrial network. Thus, the UE mobility issue may not be critical in this case. W.r.t LEO, large NW capacity can be provided but with relative high mobility. 
Similar as NR NTN, both constellations have their own pros and cons. With consideration on the potential commercial deployment, we think both should be considered for IoT over NTN.
Proposal 2: RAN2 confirms that both GEO and LEO can be supported for eMTC/NB-IoT over NTN.
2.3 GNSS capability
Per our understanding, GNSS can help UE to estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission, and GNSS is also helpful to simplify the mobility procedure and improve the mobility performance. Furthermore, UE can be served by eMTC/NB-IoT over NTN only when it can receive the satellite signaling (e.g. outside the building). So we can assume that GNSS is always supported for UEs supporting eMTC/NB-IoT over NTN.

Considering the UE complexity, it can be assumed that simultaneous GNSS and NTN NB-IoT/eMTC operation would not be supported for UEs over NTN.
Proposal 3: RAN2 confirms that the eMTC/NB-IoT UEs over NTN have the GNSS capability, but simultaneous GNSS and NTN NB-IoT/eMTC operation is not supported.

2.4 Transparent payload

In the SI stage for NR NTN, both transparent payload and regenerative payload have been agreed. Since that regenerative payload means that all or part of base station functions (e.g. gNB) are on board the satellite (e.g. radio Frequency filtering, Frequency conversion and amplification as well as demodulation/decoding, switch and/or routing, coding/modulation should be implemented on the satellite), it impacts the implementation and maintenance for eMTC/NB-IoT over NTN. Thus, we suggest that only transparent payload is supported for eMTC/NB-IoT over NTN.

Proposal 4: RAN2 confirms that only transparent payload is supported for eMTC/NB-IoT over NTN.

2.5 LEO satellite beam type supported

Although that steerable satellite beam impacts mobility performance less and can provide better service performance (e.g. the RSRP of beam footprint will not change quickly), whether the satellite beams is steerable or moving is decided by the satellite beam type and it does not impact the NB-IoT/eMTC radio specification much, So it can be assumed that both steerable beams and beams moving with the satellite for LEO can be supported for NB-IoT/eMTC over LEO NTN.

Proposal 5: RAN2 confirms that both steerable satellite beams and beams moving with the satellite for LEO can be supported for NB-IoT/eMTC over LEO NTN. 
2.6 About cell maximal frequency span

In TN NB-IoT, it is specified that the anchor/non-anchor carriers are associated with the same LTE cell, and the total frequency span does not exceed 20MHz. Both anchor and non-anchor carriers are synchronized. In TN eMTC, the maximal cell bandwidth is also 20Mhz. To evaluate the UE mobility issue, the network capacity, cell coverage range and the cell bandwidth should be taken into account (e.g. the larger the cell coverage range is, the less the UE mobility issue is; the larger the cell coverage range is, the less the network capacity is; and the larger the cell bandwidth, the larger the network capacity is). Similar as NB-IoT/eMTC TN cell, RAN2 can assume that the maximal cell bandwidth does not exceed 20Mhz for NB-IoT/eMTC NTN cell, except new conclusion will be provided by RAN1 or RAN4. 

Proposal 6: RAN2 assumes that the maximal cell bandwidth does not exceed 20Mhz for NB-IoT/eMTC over NTN.
2.7 Cell beam support

In NT NB-IoT, NW capacity evaluation is for 1000000 device per km^2. It is assumed that the cell radius is 500m with three cell sector, that means dense cells layout are used for large NW capacity. 
But for NTN NB-IoT/eMTC, especially for NB-IoT/eMTC over GEO, since the satellite orbit is at 35,786 km above the Earth's equator, the satellite coverage will be very large. Since one satellite may include several satellite beams, and one beam footprint size may span hundreds or thousands km range [2], if one satellite is mapped to one cell, the network capacity will be limited. If one satellite beam is mapped to one cell, since the LEO satellite moves quickly, and UE may switch satellite beam frequently (e.g. switch once per 7~8 seconds ), which impacts not only the mobility performance for RRC_CONNECTED UE(e.g. the HO latency and the service interruption time are very large, the UE need to read the target cell’s SI during HO procedure, which cost UE power), but also the cell reselection performance for RRC_IDLE UE(e.g. the access performance will be impacted when the UE triggers RRC establishment during cell re-selection procedure).

Observation 2: If one satellite is mapped to one cell, the network capacity will be limited; if one satellite beam is mapped to one cell, the UE mobility performance and access performance will be impacted.

In NR NTN, one cell can be mapped to one satellite, and SSB of the cell can be mapped to satellite beam. Since handover or cell reselection procedure will not happen when UE moves from one SSB beam to another in one cell, one cell can comprise a plurality of cell beams which can enlarge the cell capacity. Thus, cell capacity and mobility issue can be compromised when UE switch between satellites beams frequently. 

Observation 3: Cell beam (e.g. NR SSB) can deal with the mobility issue and cell capacity issue.

Since current NB-IoT/eMTC cell does not support cell beam and SSB, it is difficult to deal with the cell capacity and mobility issue for NB-IoT/eMTC over NTN. Then in order to resolve this issue, it is suggest to also support Cell beam (e.g. similar NR SSB) for NB-IoT/eMTC over NTN.

Proposal 7: RAN2 considers to support Cell beam (e.g. similar NR SSB) for NB-IoT/eMTC over NTN.

2.8 NT NB-IoT/eMTC feature suitable for NTN

In TN NB-IoT [3], 3 operation modes (e.g. in-band, guard-band and standalone) are supported. Considering that inter-RAT interference and coordination need not to be considered for standalone mode that makes standalone mode relatively simple, standalone mode can be studied firstly for NB-IoT over NTN. 

Proposal 8: RAN2 confirms that standalone mode is studied firstly for NB-IoT over NTN.

Whether in-band and guard-band can be supported for NB-IoT over NTN should wait for RAN4 conclusion on which frequency bands will be used for NB-IoT over NTN. If the frequency bands of TN NB-IoT can be reused for NB-IoT over NTN, in-band and guard-band should also be supported for NB-IoT over NTN.

Proposal 8a: If the frequency bands of TN NB-IoT can be reused for NB-IoT over NTN, in-band and guard-band should also be supported for NB-IoT over NTN.

In TN NB-IoT/eMTC [4], multiple CE levels are supported (e.g. at most 20dB coverage enhancement is supported). But considering that NB-IoT/eMTC over NTN are mainly used to cover the outdoor scene and wide area (e.g. the sea, desert etc), the coverage enhancement may be not so essential. Furthermore, the coverage enhancement in TN NB-IoT/eMTC is mainly achieved by large repetition of transmission/reception that consume lots of radio resource. So, it is not prefer to support deep coverage enhancement for NB-IoT/eMTC over NTN.

Proposal 9: RAN2 discuss the maximal CE level that can be supported for NB-IoT/eMTC over NTN.

Based on the current specification, multiple TBs scheduling per PDCCH is supported for NB-IoT and eMTC, which can improve the scheduling efficiency and is most suitable for large propagation delay cases. Considering that NTN cases are all large propagation delay cases, it is suggested that multiple TBs scheduling per PDCCH should be supported for NB-IoT/eMTC over NTN.

Proposal 10: The NB-IoT/eMTC multiple TBs scheduling mechanism can be supported for NB-IoT/eMTC over NTN.

In TN NB-IoT/eMTC, some features are only suitable for geostationary UEs (e.g. PUR introduced in Rel-16 and paging carrier selection based on CE level which are being discussed in Rel-17 NB-IoT). But for NB-IoT/eMTC over LEO NTN, although UE is geostationary, the satellite are moving, these features that are only suitable for geostationary UEs would not be applicable to NB-IoT/eMTC over LEO NTN. Furthermore, coexistence with NR are supported for TN NB-IoT/eMTC. If different NTN carrier frequencies are used for eMTC/NB-IoT and NR, the coexistence with NR feature is also not necessary for eMTC/NB-IoT over NTN.
Proposal 11: RAN2 needs to identify the TN NB-IoT/eMTC features that are not applicable to NTN NB-IoT/eMTC, and considers the possible impacts on NB-IoT/eMTC specifications.

3 Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: It is difficult for UE with power class 6 to support transmission over NTN.

Observation 2: If one satellite is mapped to one cell, the network capacity will be limited; if one satellite beam is mapped to one cell, the UE mobility performance and access performance will be impacted.

Observation 3: Cell beam (e.g. NR SSB) can deal with the mobility issue and cell capacity issue.

Proposal 1: RAN2 confirms that the eMTC/NB-IoT UEs with power class 3 and 5 can be considered for IoT over NTN.
Proposal 2: RAN2 confirms that both GEO and LEO can be supported for eMTC/NB-IoT over NTN.
Proposal 3: RAN2 confirms that the eMTC/NB-IoT UEs over NTN have the GNSS capability, but simultaneous GNSS and NTN NB-IoT/eMTC operation is not supported.
Proposal 4: RAN2 confirms that only transparent payload is supported for eMTC/NB-IoT over NTN.
Proposal 5: RAN2 confirms that both steerable satellite beams and beams moving with the satellite for LEO can be supported for NB-IoT/eMTC over LEO NTN.
Proposal 6: RAN2 assumes that the maximal cell bandwidth does not exceed 20Mhz for NB-IoT/eMTC over NTN.
Proposal 7: RAN2 considers to support Cell beam (e.g. similar NR SSB) for NB-IoT/eMTC over NTN.
Proposal 8: RAN2 confirms that standalone mode is studied firstly for NB-IoT over NTN.
Proposal 8a: If the frequency bands of TN NB-IoT can be reused for NB-IoT over NTN, in-band and guard-band should also be supported for NB-IoT over NTN.
Proposal 9: RAN2 discuss the maximal CE level that can be supported for NB-IoT/eMTC over NTN.
Proposal 10: The NB-IoT/eMTC multiple TBs scheduling mechanism can be supported for NB-IoT/eMTC over NTN.

Proposal 11: RAN2 needs to identify the TN NB-IoT/eMTC features that are not applicable to NTN NB-IoT/eMTC, and considers the possible impacts on NB-IoT/eMTC specifications.
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