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1. Introduction

In pre117-e discussions, some open issues listed in R2-2202053 are discussed. In this contribution, we mainly discuss some remaining control plane issues and give possible solutions for IoT over NTN.

2. Discussion

2.1. Prioritize TN vs NTN frequencies
The following issue about overlapping coverage of the NTN cell and TN cell invites company contribution:
OI 2.3 [Company Tdocs invited]: Whether existing offset are sufficient to prioritize TN vs NTN frequencies

In RAN2 #113 e-meeting, cell selection/re-selection mechanism of IoT has been agreed as baseline. Under the overlapping coverage, the TN frequency would be the better choice as the stable coverage and higher data rates are assumed in TN frequency.

In the case that TN frequency is different from NTN frequency, for eMTC over NTN, priority based cell reselection mechanism can be re-used for cell reselection between NTN cells and TN cells. But for NB-IoT over NTN, it doesn’t support priority based cell reselection mechanism. We can consider to reuse the existing offset Qoffsetfrequency for NB-IoT UE cell reselection between NTN cells and TN cells.

Observation 1: When the same frequency isn’t shared with TN and NTN, the existing offset scheme can be re-used for eMTC and NB-IoT cell reselection between NTN cells and TN cells with prioritizing the TN cells.

In the case that the same frequency is shared with TN and NTN, for eMTC over NTN, the existing Qoffsets,n can be re-used for cell reselection between NTN cells and TN cells. For NB-IoT over NTN, it doesn’t support the cell based offset. In order to avoid the impact on legacy UE, a new offset (e.g., QoffsetNTN in the following example formula) could be introduced into NTN. For example, in the cell reselection rules, regardless of whether a NTN cell is the serving cell or neighbor cell, an offset (e.g., QoffsetNTN in the following example formula) can be always subtracted from the measurement result of this NTN cell in order to decrease its order in the ranking list. With introduction of such offset, it can ensure that the TN cell is more easily to be selected than the NTN cell, when UE gets the similar RSRP values of them.

	TS 36.304

Rs =Qmeas,s +Qhyst -Qoffsettemp +QoffsetSCPTM - QoffsetNTN
Rn =Qmeas,n - Qoffset -Qoffsettemp +QoffsetSCPTM - QoffsetNTN
where:

QoffsetNTN
Offset temporarily applied to the cell if the cell is a NTN cell.




Observation 2: When the same frequency is shared with TN and NTN, existing offset can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Proposal 1: When the same frequency is shared with TN and NTN, a cell offset (e.g., QoffsetNTN) can be introduced into cell reselection mechanism for NB-IoT cell reselection between NTN cells and TN cells.
2.2. Configuration of multiple TACs per PLMN 

The following multiple TAC issue invite company contribution:
OI 2.9 [Company Tdocs invited]: Signalling of multiple TACs per PLMN in eMTC and NB-IoT

The agreement about multiple TAC is as following:

· [046] In NB-IoT, the list of TACs broadcast in the cell is per PLMN.

In current 36.331 running CR, for IoT NTN, multiple list of TAC is needed to be introduced, and the relationship between the list of TAC and the PLMN can be determined by the those index. For example, each list of TAC corresponds to a PLMN according to the same index of PLMN and list of TAC. 
We assume eMTC and NB-IoT can have similar or same specification changes for this mechanism. But as showed in below, the related changes in eMTC and NB-IoT are different (see the highlight yellow parts in SIB1 and SIB1-NB):

SystemInformationBlockType1 message
-- ASN1START

SystemInformationBlockType1-BR-r13 ::=
SystemInformationBlockType1

SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},

//skip the unrelated part
}

SystemInformationBlockType1-v890-IEs::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING SystemInformationBlockType1-v8h0-IEs)


OPTIONAL,


nonCriticalExtension



SystemInformationBlockType1-v920-IEs
OPTIONAL

}

-- Late non critical extensions

SystemInformationBlockType1-v8h0-IEs ::=
SEQUENCE {


multiBandInfoList




MultiBandInfoList

OPTIONAL,
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-v9e0-IEs
OPTIONAL

}
//skip the unrelated part
SystemInformationBlockType1-v1610-IEs ::=
SEQUENCE {


eDRX-Allowed-5GC-r16




ENUMERATED {true}

OPTIONAL,
-- Need OR


transmissionInControlChRegion-r16
ENUMERATED {true}

OPTIONAL,
-- Cond BW-reduced

campingAllowedInCE-r16



ENUMERATED {true}


OPTIONAL,
-- Need OR


plmn-IdentityList-v1610



PLMN-IdentityList-v1610

OPTIONAL,
-- Need OR

nonCriticalExtension



SystemInformationBlockType1-v17xx-IEs
OPTIONAL
}
//skip the unrelated part
SystemInformationBlockType1-v17xx-IEs ::=
SEQUENCE {


cellAccessRelatedInfoList-NTN-r17

SEQUENCE (SIZE (1..maxPLMN-r11)) OF

 











CellAccessRelatedInfo-NTN-r17
OPTIONAL, -- Need OR

nonCriticalExtension




SEQUENCE {}


OPTIONAL

}
CellIdentity-5GC-r15 ::= CHOICE{


cellIdentity-r15
CellIdentity,


cellId-Index-r15
INTEGER (1..maxPLMN-r11)

}
CellAccessRelatedInfo-NTN-r17 ::=
SEQUENCE {


plmn-IdentityList-r17



PLMN-IdentityList,


trackingAreaList-r17



TrackingAreaList-r17,

cellIdentity-r17




CellIdentity
}

-- Editor’s Note: FFS detailed signalling of multiple TACs per PLMN in eMTC

TrackingAreaList-r17 ::= SEQUENCE (SIZE (1..maxTAC-r17)) OF  TrackingAreaCode
//skip the unrelated part
}

-- ASN1STOP
SystemInformationBlockType1-NB message
-- ASN1START

SystemInformationBlockType1-NB ::=
SEQUENCE {


hyperSFN-MSB-r13




BIT STRING (SIZE (8)),


//skip the unrelated part
}

SystemInformationBlockType1-NB-v1350 ::=
SEQUENCE {


cellSelectionInfo-v1350



CellSelectionInfo-NB-v1350
OPTIONAL,
-- Cond Qrxlevmin


nonCriticalExtension



SystemInformationBlockType1-NB-v1430
OPTIONAL

}

SystemInformationBlockType1-NB-v1430 ::=
SEQUENCE {


cellSelectionInfo-v1430



CellSelectionInfo-NB-v1430

OPTIONAL,
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-NB-v1450




OPTIONAL

}

//skip the unrelated part
SystemInformationBlockType1-NB-v1610 ::= SEQUENCE {


cellAccessRelatedInfo-5GC-r16


SEQUENCE {



plmn-IdentityList-r16



PLMN-IdentityList-5GC-NB-r16,



trackingAreaCode-5GC-r16


TrackingAreaCode-5GC-r15,



cellIdentity-r16




CellIdentity
OPTIONAL,
-- Need OP



cellBarred-5GC-r16




ENUMERATED {barred, notBarred}


}
OPTIONAL,
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-NB-v17xx
OPTIONAL

}

SystemInformationBlockType1-NB-v17xx ::= SEQUENCE {


cellAccessRelatedInfo-v17xx



SEQUENCE {



trackingAreaList-r17




TrackingAreaList-NB-r17 
OPTIONAL, 
-- Need OR
cellAccessRelatedInfoList-r17


SEQUENCE (SIZE (1..maxPLMN-1-r14)) OF












CellAccessRelatedInfo-r17
OPTIONAL
-- Need OR 

} OPTIONAL,
-- Need OR

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- Editor’s Note: FFS detailed signalling of multiple TACs per PLMN in NB-IoT.
PLMN-IdentityList-NB-r13 ::=

SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-NB-r13

PLMN-IdentityList-5GC-NB-r16 ::=
SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-5GC-NB-r16

//skip the unrelated part
CellAccessRelatedInfo-r17::= 

SEQUENCE {


plmn-IdentityList-r17



PLMN-IdentityList-NB-r13,


trackingAreaList-r17



TrackingAreaList-NB-r17
}
TrackingAreaList-NB-r17 ::= SEQUENCE (SIZE (1..maxTAC-NB-r17)) OF  TrackingAreaCode
//skip the unrelated part
-- ASN1STOP

Based on the comparison, we think for NB-IoT, the trackingAreaList-r17 in both cellAccessRelatedInfo-v17xx and CellAccessRelatedInfo-r17 are redundant. So we suggest to follow the way in eMTC, e.g, to remove the trackingAreaList-r17 IE in cellAccessRelatedInfo-v17xx.
Proposal 2: For multiple list of TAC configuration in SIB1-NB in current TS 36.331 running CR, it’s suggested to remove the trackingAreaList-r17 IE in cellAccessRelatedInfo-v17xx.  

2.3. GNSS fix
In NTN, due to UE’s mobility, GNSS information may turn invalid. The related agreement in RAN2#116bise is as below:

· When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.
And the specified UE behavior in 36.331 running CR is as below:
	5.3.3.x
UE actions upon indication of out-of-date GNSS position fix 
Upon indication that the GNSS position fix has become out-of-date while in RRC_CONNECTED, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.


We see the current agreement is risky. If GNSS fix becomes outdated, UE release itself without notifying the network. Such process would lead to the resources hanging in eNB, e.g., the resource of this UE in eNB couldn’t be released timely. This is really undesired.
Observation 3: If UE release itself without notifying the network, it would lead to resources hanging in eNB, e.g., the resource of this UE in the eNB couldn’t be released timely.
Hence, in order to keep consistent status between UE and eNB, the possible solution could be as below:

· Option 1: if GNSS fix become outdated, UE triggers a RLF;

· Option 2: UE reports the timing information about GNSS fix to eNB, and if GNSS fix become outdated, eNB and UE can release their own resources respectively. In eNB implementation, eNB is also allowed to send “early” release message to UE before outdate of GNSS fix.
When it has data to be transmitted, UE takes less time to recovery the transmission with option 1 than option 2. For option 1, UE could use a RRC reestablishment procedure to recovery the transmission as soon as possible due to the stored UE context in UE. But for option 2, there would be a subsequent RRC connection establishment procedure after UE back to idle that would cause more resources consumption and more signaling overhead. 
When it has no data to be transmitted, option 1 would also work but a bit signaling inefficient as the re-established RRC connection might be useless. Meanwhile, for option2, according to the timing information about GNSS fix, UE and eNB could keep alignment and the resources in UE and eNB can be released timely. So option 2 is more efficient.
As option 1 has minimum specification impacts, we prefer to adopt RLF procedure to handle the concern in observation 3. If RLF cannot be agreed, RAN2 can further discuss UE report of timing information about GNSS fix.
Proposal 3: In R17, it’s suggested to trigger RLF procedure when the GNSS fix becomes outdated to handle the concern of resources hanging in eNB. 

Proposal 3a: If RLF cannot be agreed, RAN2 can further discuss UE report of timing information about GNSS fix.
If UE supports to report the timing information about GNSS fix to eNB, a RRC message can be used to carry the timing information. Due to the limited bits in Msg3, Msg5 is more suitable. Moreover, for the reported content, as the starting time and duration of GNSS fix costs much bits, the remaining time of GNSS fix is preferred to include in MSg5. The time point of first transmission of Msg5 could be used as the reference for the reported remaining time of GNSS fix. But yes, all these can be left to eNB implementation. We only need to specify signaling for UE report.
Proposal 4a: The remaining time of GNSS fix timer can be reported in Msg5.
Proposal 4b: The first transmission of Msg5 can be used as reference time for the remaining time of GNSS fix.

3. Conclusions

In this contribution, we make the following observations and proposal:
Observation 1: When the same frequency isn’t shared with TN and NTN, the existing offset scheme can be re-used for eMTC and NB-IoT cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Observation 2: When the same frequency is shared with TN and NTN, existing offset can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Observation 3: If UE release itself without notifying the network, it would lead to resources hanging in eNB, e.g., the resource of this UE in the eNB couldn’t be released timely.
Proposal 1: When the same frequency is shared with TN and NTN, a cell offset (e.g., QoffsetNTN) can be introduced into cell reselection mechanism for NB-IoT cell reselection between NTN cells and TN cells.
Proposal 2: For multiple list of TAC configuration in SIB1-NB in current TS 36.331 running CR, it’s suggested to remove the trackingAreaList-r17 IE in cellAccessRelatedInfo-v17xx.  
Proposal 3: In R17, it’s suggested to trigger RLF procedure when the GNSS fix becomes outdated to handle the concern of resources hanging in eNB. 

Proposal 3a: If RLF cannot be agreed, RAN2 can further discuss UE report of timing information about GNSS fix.
Proposal 4a: The remaining time of GNSS fix timer can be reported in Msg5.
Proposal 4b: The first transmission of Msg5 can be used as reference time for the remaining time of GNSS fix.
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