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Introduction

In last RAN2 meeting, RAN2 made the following agreement:

	RAN2 assumes that a new SIB would be defined for ATG, can be revisited if there are reasons, after more progress

For ATG access, the SIB includes location information, FFS if using the format as defined in SIB19, FFS using the same format defined in NTN-Config-r17.

Include 1 bit of information in the SIB to indicate whether the UE applies Set 1 (Rel-17 HST) cell reselection requirements or Set 2 (Rel-15 NR) cell reselection requirements for inter-frequency cell reselection. 




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]
In last RAN2 meeting, RAN2 agreed to use a new SIB instead of SIB19 for ATG cell. Then a new question raised is whether the ATG cell is modeled as NTN cell or not. 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.


Observation 1: Whether a cell is considered as NTN cell is based on the presence of cellBarredNTN in SIB1.

We suggest to consider ATG cell as NTN cell instead of TN cell, because it can significantly reduce RAN2 work, RAN2 doesn’t need to rediscuss every functionalities related to NTN, and doesn’t need to change every pieces of spec related to NTN to accommodate ATG including a lot of changes in 38.321/38.331/38/306, e.g. timers, RACH procedures, cell selection/reselection, RRM, measurements, mobilities, UE features, etc.  
ATG cell is considered as one type of NTN cell. 
In last RAN2 meeting, RAN2 agrees to include gNB location in new SIB, FFS on whether to reuse EphemerisInfo IE in SIB19 or not. 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)

The positionVelocity IE includes both position and velocity. For ATG cell, as gNB doesn’t move, the velocity IEs in the positionVelocity is not needed. And the value range for position is considerably too large than needed. Thus, if we reuse the format of EphemerisInfo, it will consumes much more signalling. It would be preferable to use ReferenceLocation IE instead:
	–
ReferenceLocation
The IE ReferenceLocation contains location information used as a reference location. The value of the field is same as Ellipsoid-Point defined in TS37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.
ReferenceLocation information element

-- ASN1START

-- TAG-REFERENCELOCATION-START

ReferenceLocation-r17 ::= OCTET STRING
-- TAG-REFERENCELOCATION-STOP

-- ASN1STOP

-- ASN1START

Ellipsoid-Point ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607)

-- 24 bit field

}
-- ASN1STOP




In last RAN2 meeting, some company suggested to include also the height of the gNB. In our view, the impact of the height of gNB is less than 10km, it can be absorbed by the preamble guard period. No special handling on this is needed.
RAN4 also indicates in LS that location information of neighbor cells are also needed:
	In order to reduce the L3 measurement delay, RAN4 agreed to introduce network assistance on neighbor ATG cells reference locations (e.g. coarse BS location) similar to NTN assistance framework.


So, ReferenceLocation IE can also be used to indicate neighbor cell location.
 Use ReferenceLocation-R17 as the format for reference location of serving and neighbor cells. 
Aside from location information, RAN4 also askes RAN2 to signal Koffset:
	 RAN4 would like to respectfully inform RAN2 that RAN4 has agreed to introduce the mechanism of koffset in ATG system as NTN, whether and how to configure koffset is up to network implementation. 


For ATG cell, the maximum RTT difference in one ATG cell can be around 0.5ms, which is much smaller than NTN cell. In SIB19, the value range of cellSpecificKoffset-r17 is (1..1023). So we suggest to define new format for Koffset, e.g. (0.1, 0.2, 0.3, 0.4, 0.5, 0.6)ms.

The new SIB include cell specific Koffset with the format: cellSpecificKoffset-r18 ENUMATED {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8}. The unit is ms.
For NTN, differential Koffset MAC CE can be indicated by network for connected UE, the unit is slot, which is not applicable to ATG, and can be changed to symbol:
	The Differential Koffset MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.57-1):
-
R: Reserved bit, set to 0;

-
Differential Koffset: This field indicates the differential Koffset in the number of slots (see clause 4.2 in TS 38.213 [6]), using subcarrier spacing of 15 kHz. The length of the field is 6 bits.
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Figure 6.1.3.57-1: Differential Koffset MAC CE




For ATG, the unit of Differential Koffset is symbol instead of slot. The format of Differential Koffset for ATG is the same as NTN.
For TA report, RAN4 sends LS on the threshold and granularity for ATG:
	In addition, RAN4 agreed to introduce an optional TA reporting for ATG UE based on NTN TA reporting mechanism in order to assist network reducing GP overhead for TDD system. The coverage range of an ATG cell is up to 300 kilometers [1]. Different from NTN TA reporting, ATG TA reporting requires finer granularity, which are:

Threshold for new TA reporting:

Range: 1 symbol ~28symbol 

Granularity: 1 symbol

TA reporting: Symbol level granularity, for a coverage range up to 300 km.

Note 1: Applicable SCS are 15KHz and 30KHz.

Note 2: No new network behavior will be defined.




The threshold and granularity for ATG is quite different from NTN, which is shown below:
	TAR-Config information element

-- ASN1START

-- TAG-TAR-CONFIG-START

TAR-Config-r17 ::=                      SEQUENCE {

    offsetThresholdTA-r17               ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5, ms6 ,ms7, ms8, ms9, ms10, ms11, ms12,

                                                   ms13, ms14, ms15, spare13, spare12, spare11, spare10, spare9, spare8, spare7,

                                                   spare6, spare5, spare4, spare3, spare2, spare1}          OPTIONAL,    -- Need R

    timingAdvanceSR-r17                 ENUMERATED {enabled}                                                OPTIONAL,    -- Need R

    ...

}

-- TAG-TAR-CONFIG-STOP

-- ASN1STOP




	The Timing Advance Report MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of two octets defined as follows (Figure 6.1.3.56-1):

-
R: Reserved bit, set to 0;

-
Timing Advance: In FR1, the Timing Advance field indicates the least integer number of slots, using subcarrier spacing of 15 kHz, greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). The length of the field is 14 bits.
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Figure 6.1.3.56-1: Timing Advance Report MAC CE




As a result, we suggest to introduce a new TAR config, i.e. TAR-Config-r18 in MAC-CellGroupConfig as below: 
	TAR-Config information element

-- ASN1START

-- TAG-TAR-CONFIG-START

TAR-Config-r18 ::=                      SEQUENCE {

    offsetThresholdTA-r18               INTEGER (1..28)          OPTIONAL,    -- Need R

    timingAdvanceSR-r18                 ENUMERATED {enabled}                                              OPTIONAL,    -- Need R

    ...

}

-- TAG-TAR-CONFIG-STOP

-- ASN1STOP

TAR-Config field descriptions

offsetThresholdTA

Offset for TA reporting in number of symbols as specified in TS 38.321 [3]. Network only configures this parameter for MCG.
timingAdvanceSR
Used to configure whether a Timing Advance report may trigger a Scheduling Request as specified in TS 38.321 [3].




For ATG, introduce a new TAR config, i.e. TAR-Config-r18 in MAC-CellGroupConfig. And adopt the TP above.
For TA report MAC CE, we suggest to reuse the current MAC CE for NTN but change the granularity to symbol:

	The Timing Advance Report MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of one octets defined as follows (Figure 6.1.3.56-1):

-
R: Reserved bit, set to 0;

-
Timing Advance: In FR1, the Timing Advance field indicates the least integer number of symbols using subcarrier spacing of 15 kHz or 30KHz for ATG cell, or the least integer number of slots using subcarrier spacing of 15 kHz for non-ATG cell, greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). The length of the field is 14 bits.
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Figure 6.1.3.56-1: Timing Advance Report MAC CE



For ATG, reuse the TA report MAC CE for NTN, with the granularity change to symbols. And adopt the TP above.
Conclusions  

Observation 1: Whether a cell is considered as NTN cell is based on the presence of cellBarredNTN in SIB1.

ATG cell is considered as one type of NTN cell. 
 Use ReferenceLocation-R17 as the format for reference location of serving and neighbor cells. 
The new SIB include cell specific Koffset with the format: cellSpecificKoffset-r18 ENUMATED {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8}. The unit is ms.
For ATG, the unit of Differential Koffset is symbol instead of slot. The format of Differential Koffset for ATG is the same as NTN.
For ATG, introduce a new TAR config, i.e. TAR-Config-r18 in MAC-CellGroupConfig. And adopt the TP below:
	TAR-Config information element

-- ASN1START

-- TAG-TAR-CONFIG-START

TAR-Config-r18 ::=                      SEQUENCE {

    offsetThresholdTA-r18               INTEGER (1..28)          OPTIONAL,    -- Need R

    timingAdvanceSR-r18                 ENUMERATED {enabled}                                              OPTIONAL,    -- Need R

    ...

}

-- TAG-TAR-CONFIG-STOP

-- ASN1STOP

TAR-Config field descriptions

offsetThresholdTA

Offset for TA reporting in number of symbols as specified in TS 38.321 [3]. Network only configures this parameter for MCG.
timingAdvanceSR
Used to configure whether a Timing Advance report may trigger a Scheduling Request as specified in TS 38.321 [3].




For ATG, reuse the TA report MAC CE for NTN, with the granularity change to symbols. And adopt the TP below:
	The Timing Advance Report MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of one octets defined as follows (Figure 6.1.3.56-1):

-
R: Reserved bit, set to 0;

-
Timing Advance: In FR1, the Timing Advance field indicates the least integer number of symbols, using subcarrier spacing of 15 kHz or 30KHz for ATG cell, or the least integer number of slots, using subcarrier spacing of 15 kHz for non-ATG cell, greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). The length of the field is 14 bits.
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Figure 6.1.3.56-1: Timing Advance Report MAC CE
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