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1. Introduction 
In RAN2#113-e, following agreement was made for NR NTN.

· RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception

TN/NTN indication was also discussed in the context of the IoT NTN and in RAN2#116-e, following agreement was made.
· It is feasible to use the legacy barring bit to block legacy UEs, and it is possible to have a new bit that assumes the functionality of the old bit. It is FFS if it is needed to use the barring bit or whether other mechanism can be assumed (new band etc).

However, in NR NTN, there is no progress on cell type indication. In this document, we provide further details on the impact of cell types.
2. Discussion 

TN vs NTN indication

In NTN, there are different types of cells, e.g., LEO, GEO or HAPS. There can be different requirements to operate in these cells, for example, timing and frequency compensation requirements. Therefore, the cell type needs to be considered for IDLE mode procedures.

If TN and NTN bands never overlap, then it would be easy for UE to determine which cell is TN and which cell is NTN. However, this may not be the case. RAN4 has agreed NTN satellite bands n255 and n256 which fully and partially overlaps with TN bands n24 and n65. 
Table 1 RAN4 agreed NTN satellite bands in [1]

	NTN satellite band #
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit

FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive

FDL,low   –  FDL,high
	Duplex mode
	Corresponding TN band

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD
	n24: UL: 1626.5 MHz – 1660.5 MHz; DL: 1525 MHz – 1559

	n256
	1980 MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD
	n65: UL: 1920-2010; DL: 2110-2200


Based on country’s regulation, an operator may stop TN serving in a frequency and start NTN service in the same frequency, for example in case of disaster/earthquake, there may not be any TN base station in the area for emergency service. Legacy UEs (only TN capable UEs) may frequently detect the NTN cells and NTN only capable UEs may detect the TN cells at the cell edge. In such case, the RRM procedure may be impacted for both TN and NTN UEs. Searching and reading MIB/SIB will incur additional power consumption for the UEs. Therefore, Legacy UEs should avoid reading NTN MIB or avoid reading NTN SIB or camp in NTN cell. 
Some solutions to this are

Option#1: NTN specific MIB

Option#2: New barring mechanism for NTN UEs

Option#3: TN/NTN cell type indication

Option#1 is to use different scrambling of MIB for TN and NTN, similar to what has already been done for LTE MIB and LTE MIB-MBMS. The benefit of this solution is that existing NR UEs will bar NTN cells as per existing rules and avoid any further measurement impact since the UEs cannot decode MIB. However, how to specify scrambling of MIB is in the scope of RAN1 and a LS needs to be sent to RAN1.

Option#2 is to use existing barring mechanism for the legacy UEs, and a new barring indication bit is introduced for the new UEs. In this case, a new indication in SIB1 can be introduced to indicate whether the NTN UEs are barred or not. The benefit of this option is that a cell can bar only legacy UEs or only NTN UEs or both selectively and works for both TN and NTN cells.
Option#3 is to introduce TN/NTN cell type indication. This can be included in SIB1. If the indication is for TN cell type, the NTN access can be considered barred. If the indication is for NTN cell type, the TN access can be assumed barred. The benefit of this option is that existing barring mechanism (cellBarred in MIB) is not changed and applies to both TN and NTN UEs. However, suppose TN vs NTN indication is provided in SIB1. This would mean simply from acquisition of MIB, a UE would not be able to decide the cell type. Further the UE would need to acquire SIB1 and find out, which can add power consumption.
There is just 1 spare bit available in MIB and existing barring indication is provided in MIB.
MIB ::=                             SEQUENCE {

    systemFrameNumber                   BIT STRING (SIZE (6)),

    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},

    ssb-SubcarrierOffset                INTEGER (0..15),

    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},

    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,

    cellBarred                          ENUMERATED {barred, notBarred},

    intraFreqReselection                ENUMERATED {allowed, notAllowed},

    spare                               BIT STRING (SIZE (1))
}

This means for option#2 and option#3, either the remaining 1 spare bit in MIB has to be used or an indication bit in SIB1 has to be introduced. If this new indication is introduced in SIB1, then NTN will have worse frequency measurement impact than TN as the UE will only find out that the cell it wants to camp on is the right cell or barred cell after reading SIB1 while in TN, the UE finds it out from reading MIB.

Proposal 1 RAN2 discuss how to prevent the legacy UEs or TN only UEs from searching and reading SIBs of NTN cell.
NGSO vs GSO indication
Like TN vs NTN, UE also needs to detect whether the cell is LEO or GEO or HAPS. Examples of UE’s requirement to operate in LEO or GEO can be followings 

1. Accuracy of frequency compensation to handle the doppler effect. 

2. Accuracy of UL timing pre-compensation. 

3. Support of HARQ feedback disable or 32 HARQ processes. 
4. Support of extended timers needed for GEO, e.g., PDCP discard, RLC t-Reordering timers

5. L1/L2 Buffer size 
Depending on one or more factors, UE may prioritize the selection of a cell. For example, UE may read SIB1 of LEO cell and determine it may not meet the requirement for frequency and time compensation to operate in LEO cell. Therefore, whether UE wants to camp in LEO cell or GEO cell can be based on UE’s capability.

However, an explicit indication may not be needed. SIB1 can broadcast common configuration parameters or requirements specific to NGSO (i.e., LEO, MEO) or GSO (i.e., GEO) cell which can be used as implicit indication of cell type.

Proposal 2 The UE needs an indication whether the cell is NGSO or GSO. FFS implicit or explicit way.

3. Conclusion

Following proposals are made.
Proposal 1
RAN2 discuss how to prevent the legacy UEs or TN only UEs from searching and reading SIBs of NTN cell.
Proposal 2
The UE needs an indication whether the cell is NGSO or GSO. FFS implicit or explicit way.
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