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Introduction

In last RAN2 meeting, RAN2 discussed the issue of applicability of SIB19 for NR ATG, and made the following agreement:

	=>RAN2 will address this and intends to find a solution for Rel-18 (SIB19 or other SIB etc) 


In this contribution, we will discuss how to support NR ATG.
Discussion
ATG(Air to Ground) terminal is a special UE, aircraft to ATG gNB uses 5G air interface, and aircraft to passengers uses WiFi interface. The link between ATG and gNB is considered as service link. The cell size could be as large as 300km(diameter), and the flight speed could be up to 1200km/h [2]. Thus, TA pre-compensation and frequency pre-compensation would be needed, which is similar to NTN.
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Figure 1 ATG scenario [1]
Thus, RAN4 sends LS to RAN2 to ask if SIB19 (introduced for NTN) can be used for ATG cell. For ATG cell, the gNB doesn’t move, so only gNB location instead of the whole ephemeris needs to be included in SIB19. The maximum RTT difference in one ATG cell can be around 0.5ms. So Koffset may also need to be broadcast in ATG cell.

Currently, SIB19 includes:

SIB19-r17 ::= SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R

    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R

    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R

    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R

    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,

    ...,

    [[

    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R

    ]]

}

All these fields are optional, gNB has freedom to decide which IEs to include. For ATG, only ntn-config and ntn-NeighCellConfigList are related.

For ntn-config, it includes:

NTN-Config-r17 ::=             SEQUENCE {

    epochTime-r17                  EpochTime-r17                                                            OPTIONAL,  -- Need R

    ntn-UlSyncValidityDuration-r17 ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,

                                              s40, s45, s50, s55, s60, s120, s180, s240, s900}              OPTIONAL,  -- Cond SIB19

    cellSpecificKoffset-r17        INTEGER(1..1023)                                                         OPTIONAL,  -- Need R

    kmac-r17                       INTEGER(1..512)                                                          OPTIONAL,  -- Need R

    ta-Info-r17                    TA-Info-r17                                                              OPTIONAL,  -- Need R

    ntn-PolarizationDL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R

    ntn-PolarizationUL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R

    ephemerisInfo-r17              EphemerisInfo-r17                                                        OPTIONAL,  -- Need R

    ta-Report-r17                  ENUMERATED {enabled}                                                     OPTIONAL,  -- Need R

    ...

}

EpochTime-r17 ::=              SEQUENCE {

    sfn-r17                        INTEGER(0..1023),

    subFrameNR-r17                 INTEGER(0..9)

}

TA-Info-r17 ::=                 SEQUENCE  {

    ta-Common-r17                  INTEGER(0..66485757),

    ta-CommonDrift-r17             INTEGER(-257303..257303)                                                 OPTIONAL,  -- Need R

    ta-CommonDriftVariant-r17      INTEGER(0..28949)                                                        OPTIONAL   -- Need R

}

All the fields except ntn-UlSyncValidityDuration are optional. But ntn-UlSyncValidityDuration is actually not needed for ATG as gNB doesn’t move, the parameter will not change. 

Currently, the update of SIB19 is based on validity timer T430 (set to value ntn-UlSyncValidityDuration) instead of paging. If T430 expires, UE will need to re-acquire SIB19. The maximum value for ntn-UlSyncValidityDuration is 900 second. If UE has to re-acquire SIB19 every 900 second, it may be not desirable even for ATG UE. But it can be simply addressed by UE considering ntn-UlSyncValidityDuration to be infinity, regardless of what value received.
The following is the IEs in EphemerisInfo:
EphemerisInfo-r17 ::=          CHOICE {

    positionVelocity-r17           PositionVelocity-r17,

    orbital-r17                    Orbital-r17

}

PositionVelocity-r17 ::=       SEQUENCE {

    positionX-r17                  PositionStateVector-r17,

    positionY-r17                  PositionStateVector-r17,

    positionZ-r17                  PositionStateVector-r17,

    velocityVX-r17                 VelocityStateVector-r17,

    velocityVY-r17                 VelocityStateVector-r17,

    velocityVZ-r17                 VelocityStateVector-r17

}

Orbital-r17 ::=                SEQUENCE {

    semiMajorAxis-r17              INTEGER (0..8589934591),

    eccentricity-r17               INTEGER (0..1048575),

    periapsis-r17                  INTEGER (0..268435455),

    longitude-r17                  INTEGER (0..268435455),

    inclination-r17                INTEGER (-67108864..67108863),

    meanAnomaly-r17                INTEGER (0..268435455)

}

PositionStateVector-r17 ::= INTEGER (-33554432..33554431)

VelocityStateVector-r17 ::= INTEGER (-131072..131071)

For ATG cell, the IE positionVelocity can be chosen. But velocity IEs in the positionVelocity is not needed. However, they are mandatory present.

The above two issues are majorly related to signalling overhead.

Observation 1: Using SIB19 will result in larger signalling overhead than SIB1 and the issue of SIB19 validity duraton issue needs to be addressed.

To solve this two issues, new IEs can be introduced in SIB1 instead of reusing SIB19. Please note that whether a cell is NTN cell is not depended on whether SIB19 exists or not, but based on whether cellBarNTN IE exists in SIB1 or not:

	cellBarredNTN

Value barred means that the cell is barred for connectivity to NTN, as defined in TS 38.304 [20]. Value notBarred means that the cell is allowed for connectivity to NTN. If not present, the UE considers the cell is not allowed for connectivity to NTN, as defined in TS 38.304 [20]. This field is only applicable to NTN-capable UEs.


Although SIB19 is essential SI for NTN access, but the behavior of not acquiring SIB19 is up to UE implementation:

	NOTE:
The SIB19 is essential for NTN access. If UE is unable to acquire the SIB19 for NTN access, the action is up to UE implementation (e.g., cell re-selection to other cells).


Observation 2: Whether a cell is considered as NTN cell is based on the presence of cellBarredNTN in SIB1.

Observation 3: If NTN cell doesn’t broadcast SIB19, the UE behavior is up to UE implementation. Thus, ATG UE can choose to do nothing.

Another issue is regarding whether SIB19 is needed for UE to perform TA pre-compensation. According to TS38.213, as long as ephemeris parameter is provided, UE will perform TA pre-compensation. It doesn’t matter which SIB provides the ephemeris parameter. In fact, as a general rule, RAN1 spec doesn’t mention exact location where the higher layer parameters locates. For example, when RAN1 spec refers to Koffset and Kmac parameter, it doesn’t mention which SIB provides it. 
	Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates the two-way transmission delay on the service link based on [image: image2.png]N
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 that the UE determines as:
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Observation 4: The parameters in SIB19 can be placed in other SIBs without impact RAN1 specification, as long as the parameter name is the same. 

Even though a cell doesn’t broadcast SIB19 and we can put parameter from SIB19 to other SIB, we should consider this cell to be NTN cell instead of TN cell. Because RAN2 functionality related to NTN is built on the basis that the cell is a NTN cell. For example, in TS38.321, the enhancement for the timers/windows are based on NTN cell:
	TS38.321:
1>
else:

2>
if the Random Access Preamble was transmitted on a non-terrestrial network:

3>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the PDCCH occasion as specified in TS 38.213 [6].

2>
else:

3>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission.




Observation 5: The cell that ATG UE access should be considered as NTN cell, otherwise there will be a lot of spec impact. 

ATG cell is considered as NTN cell, SIB1 is used to carry NTN related information, including at least ephemeris. 
Similar to NTN UE, ATG UE may need to perform neighbor cell measurement during idle/inactive mode. Location information about neighbour cell can be broadcast to facilitate UE SMTC adjustment.

RAN2 to discuss whether neighbor cell ephemeris needs to be broadcast.
For ephemeris parameter, we can define a new IE EphemerisInfo in SIB1, but with different content. For example, we can design the content of EphemerisInfo to only include coordinates, instead of velocity. Besides, after RAN4 provides the accuracy requirement for the coordinate to address the sensitivity concern, RAN2 can decide further on how to define the coordinate. As a starting point, we can use the format of coarseLocationInfo, where only coordinate is included and coordinates can be set to meet the accuracy requirement: 
	coarseLocationInfo

This field indicates the coarse location information reported by the UE. This field is coded as the Ellipsoid-Point defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit. The least significant bits of degreesLatitude and degreesLongitude are set to 0 to meet the accuracy requirement corresponds to a granularity of approximately 2 km.


 Use the format of coarseLocationInfo (i.e. Ellipsoid-Point) as a starting point for ephemeris parameter in SIB1. 
Similarly, for cellSpecificKoffset parameter, we can also introduce it in SIB1 and redefine it with less values, given the the maximum RTT difference in one ATG cell is only around 0.5ms, far less than the value range of current cellSpecificKoffset(i.e. between 1..1023 ms). But perhaps we need to ask RAN1 whether Koffset parameter is needed.
RAN2 to discuss whether to send LS to RAN1 to ask if cellSpecificKoffset is needed for ATG cell.
Another issue is whether the ATG cell should allow access from NTN UEs. If ATG cell uses a different frequency than NTN cell, the issue may not exist.

RAN2 to discuss whether it is possible that ATG cell and NTN cell share the same frequency band, if so, whether NTN UE should be allowed to access ATG cell. 
Conclusions  

Observation 1: Using SIB19 will result in larger signalling overhead than SIB1 and the issue of SIB19 validity duraton issue needs to be addressed.

Observation 2: Whether a cell is considered as NTN cell is based on the presence of cellBarredNTN in SIB1.

Observation 3: If NTN cell doesn’t broadcast SIB19, the UE behavior is up to UE implementation. Thus, ATG UE can choose to do nothing.

Observation 4: The parameters in SIB19 can be placed in other SIBs without impact RAN1 specification, as long as the parameter name is the same. 

Observation 5: The cell that ATG UE access should be considered as NTN cell, otherwise there will be a lot of spec impact. 

ATG cell is considered as NTN cell, SIB1 is used to carry NTN related information, including at least ephemeris. 
RAN2 to discuss whether neighbor cell ephemeris needs to be broadcast.
Use the format of coarseLocationInfo (i.e. Ellipsoid-Point) as a starting point for ephemeris parameter in SIB1. 
RAN2 to discuss whether to send LS to RAN1 to ask if cellSpecificKoffset is needed for ATG cell.
RAN2 to discuss whether it is possible that ATG cell and NTN cell share the same frequency band, if so, whether NTN UE should be allowed to access ATG cell. 
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