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[bookmark: _Ref35586532]Introduction
Based on [1], the ATG (Air to Ground) UEs are typically aircrafts with a maximum speed of 1200km/h, which access to ATG gNB by 5G air interface, and the cell size could be 300km. Some issues on time and/or frequency compensation or cell reselection are discussed and enhanced in RAN4, RAN2 also needs to support the associated signaling work. 
In RAN2#121bis-e meeting, RAN2 initially discussed the RAN4 LS on ATG and agreed that RAN2 will address this and intends to find a solution for Rel-18 (SIB19 or other SIB etc). In RAN2#123 meeting, the following agreements were achieved:
	RAN2#123 Agreements:
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 paper, we further discuss the RAN2 work based on current agreements and two new LSs from RAN4.
Discussion
On location information  
	1. Overall Description:
In RAN4#108 meeting, RRM requirements for ATG are discussed. 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. 
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.
2. Actions:
To RAN2
ACTION: 	RAN4 would like to respectfully ask RAN2 to introduce the optional network assistance information on neighbor ATG cells reference locations (e.g. coarse BS location), and optional TA reporting for ATG UE.


Regarding above RAN4 LS [2], it can be seen that network also needs to broadcast the neighbor cells’ reference locations (e.g. coarse BS location) to UE. Besides this neighbor cell location information, it is already agreed that network needs to provide the cell reference location of current serving cell. In last meeting, one remaining issue is which format, i.e. the format in SIB19 or the format in NTN-Config-r17, is applied in the location information. As seen in the Annex, the location information format in SIB19 include the information of Latitude and Longitude which is simple but there is no altitude information in this format, the information in  NTN-Config-r17 is complex and it’s for the description of satellite orbit. So the format in SIB19 is preferable if altitude information is not needed for ATG UE, otherwise a format of EllipsoidPointWithAltitude can be considered.
Proposal 1: The format of location information for camping cell and neighbor cell should be the same.
Proposal 2: The IE ReferenceLocation-r17 could be used for coarse BS location in ATG SIB if altitude information is not needed, otherwise the format of EllipsoidPointWithAltitude can be considered.

On TA reporting 
Regarding TA reporting issue [2], NTN TA reporting mechanism could be reused for the ATG TA reporting, but ATG TA reporting requires finer granularity with symbol level, as the NTN TA reporting is slot level granularity. In order to support the ATG TA reporting with symbol level, one new MAC CE different from the Timing Advance Report MAC CE for NTN will be introduced for ATG TA reporting, the format could be similar to current Timing Advance Report MAC CE. The difference is one octet is sufficient as at most 28symbol is indicated. 
Besides, offsetThresholdTA in RRC message is millisecond level, the enhanced offsetThresholdTA with symbol level information is needed for ATG UE. According to current MAC spec, “if the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than offsetThresholdTA”, A Timing Advance report (TAR) shall be triggered. If a smaller threshold is not introduced for ATG, a UE only triggers TAR upon “upon configuration of offsetThresholdTA by upper layers, if the UE has not previously reported Timing Advance value to current Serving Cell”  and in case of RRC setup/reconfiguration/resume. This means there will be no subsequent TARs reported to ATG network corresponding to UE movements, as the variation in ATG cannot be larger than pre-configured threshold.
Proposal 3: A new one-octet MAC CE is introduced for ATG TA reporting with 1 symbol granularity.
Proposal 4: The enhanced offsetThresholdTA with symbol level information is needed for ATG UE.

On the koffset
Based on the LS [4] as below from RAN4, the parameter koffset for ATG is agreed by RAN4, and the cell specific koffset applied for NTN has been included in SIB19. 
	RAN4 would like to thank RAN2 for the reply LS on the applicability of the SIB19 for ATG. RAN4 has discussed the question from RAN2 on required ATG ground station reference location accuracy and had the following agreements:
· Base station is allowed to not provide the exact base station location. The exact supported accuracy according to RAN4 requirements is still under discussion and it could be sent to RAN2 if it is needed by RAN2.
· RAN4 assumes the BS location accuracy does not need to be specified.
· UE performs the frequency/time pre-compensation based on the indicated BS location and the actual UE location, where the UE frequency/timing pre-compensation does not consider the error due to the misalignment between the indicated BS location and the actual BS location.
In addition, 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. RAN4 kindly asks RAN2 to take this information into account when considering the applicability of SIB19 for ATG and design corresponding signaling for it.
RAN4 kindly asks RAN2 to take the above information into account.


According to the spec TS38.213 as below, the mechanism of koffset includes two parts, one part is cell specific koffset,  another part is UE specific koffset. 
	[bookmark: _Toc137056356][bookmark: _Toc45699162][bookmark: _Toc36498136][bookmark: _Toc29917262][bookmark: _Toc29899525][bookmark: _Toc29899107][bookmark: _Toc29894808][bookmark: _Toc26719377][bookmark: _Toc20311552][bookmark: _Toc12021440]4.2	Transmission timing adjustments
…,and, where  is provided by cellSpecificKoffset and  is provided by a Differential Koffset MAC CE command [11, TS 38.321]; …


[bookmark: _GoBack]Since in RAN4 LS it was not very clear that whether ue-specific-K-Offset needs to be taken into account or whether cell-specific-K-Offset is already sufficient, RAN2 made some discussion in RAN2#123. The initial idea was to wait for further clarification from RAN4, but RAN4 didn’t provide any further conclusion.  We could make a simple estimation here, considering the ATG cell size is 300km (i.e., the cell radius is 150km) and the altitude of an airplane is 10km, the RTT of cell-edge UE will be 2*(150km/(3*105km/s)) = 1000us, the RTT of cell-center UE will be 2*(10km/(3*105km/s)) = 66us. As the K-Offset value is used to compensate the RTT for uplink scheduling, 1ms K-Offset is sufficient for all UEs in an ATG cell. As a result, a cell-specific-K-Offset can be used for this purpose since the granularity of cell-specific-K-Offset is already 1ms (i.e., 1 slot with subcarrier spacing of 15 kHz).
Proposal 5: For ATG access, the new SIB includes cell specific koffset.

On indication for inter-frequency cell reselection 
In last meeting, RAN2 had below agreement on the indication on whether the UE applies Set 1 (Rel-17 HST) cell reselection requirements or Set 2 (Rel-15 NR) cell reselection requirements.
	=> 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.


Based on above agreement and discussion history in RAN2, it is still not clear whether cell reselection requirement for set1 or set2 are mandatory for UEs, or e.g. whether there is a default. According to below agreement in RAN4 meeting, it can be seen that the set 1 requirement is default, and the UE will try to meet set 2 requirements when ATG indication is received.
	[bookmark: OLE_LINK24][bookmark: OLE_LINK23]Issue 2-1-5: How to switch between the two sets of cell re-selection requirements
Agreement:
· RAN4 to request RAN2 to define ATG indicator (via system information) which is used to determine which set (set 1 or set 2) of requirements to meet.
· UE meets set 2 requirements when ATG indicator is received.
· Otherwise, UE meets set 1 requirement.
· For a particular cell, network can indicate set 1(Legacy R15 cell-reselection requirement) or set 2 (R17 HST cell-reselection requirement) based on cell configuration, for example, the ISD, DRX configuration and so on, which is up to BS implementation.



	Issue 2-1-4: Signalling for Cell re-selection measurement requirements
Agreement:
· Introduce optional UE capability for supporting set2 requirements for ATG.


Proposal 6：RAN2 confirms for inter-frequency cell reselection the set 1 requirements is default, the UE will meet set 2 requirements when corresponding ATG indication on set 2 requirements is received.

On maximum output power
According to new LS [3] from RAN4, for ATG UE, it will introduce a new capability to indicate the maximum output power for ATG UE with a range of [23dBm, 40dBm] and granularity of 1dB, since the current power class concept is not aligned to the ATG UE requirements. From the view of RAN2, we think this capability needs to be supported by RAN2, and the details on signaling design could be checked in the stage-3 CR. It’s also possible that RAN2 waits for further RAN4 UE feature list.

	1. Overall Description
RAN4 has discussed the ATG UE power related requirements according to the work item objectives included in RP-230279. RAN4 would like to inform RAN2 the relevant agreements that have impact on RAN2 signaling design.
For ATG UE, it is difficult to agree one specific power class from 3GPP perspective now as the required power level is closely related to the aircraft types and operating frequency range. RAN4 has decided to introduce a new capability [RatedMOPATG] for ATG UE indicating its rated maximum output power at maximum modulation order and full RB allocation to network when it comes to use. The new capability [RatedMOPATG] should address the following aspects:
· The lower limit of rated maximum output power for ATG UE is 23 dBm
· The upper limit of rated maximum output power for ATG UE is 40 dBm
· The reporting granularity is 1dB.
To RAN2:
ACTION: 	RAN4 would like to respectfully request RAN2 to take the above information into account and introduce necessary signaling for ATG UE. 


Proposal 7：A new UE capability on the maximum output power at maximum modulation order and full RB allocation is introduced with the following aspects.
· The lower limit of rated maximum output power for ATG UE is 23 dBm
· The upper limit of rated maximum output power for ATG UE is 40 dBm
· The reporting granularity is 1dB.
Conclusion
According to the analysis in section 2, it is proposed:
[bookmark: _Ref69910645]Proposal 1: The format of location information for camping cell and neighbor cell should be the same.
Proposal 2: The IE ReferenceLocation-r17 could be used for coarse BS location in ATG SIB if altitude information is not needed, otherwise the format of EllipsoidPointWithAltitude can be considered.
Proposal 3: A new one-octet MAC CE is introduced for ATG TA reporting with 1 symbol granularity.
Proposal 4: The enhanced offsetThresholdTA with symbol level information is needed for ATG UE.
Proposal 5: For ATG access, the new SIB includes cell specific koffset.
Proposal 6: RAN2 confirms for inter-frequency cell reselection the set 1 requirements is default, the UE will meet set 2 requirements when corresponding ATG indication on set 2 requirements is received.
Proposal 7：A new UE capability on the maximum output power at maximum modulation order and full RB allocation is introduced with the following aspects.
· The lower limit of rated maximum output power for ATG UE is 23 dBm
· The upper limit of rated maximum output power for ATG UE is 40 dBm
· The reporting granularity is 1dB.
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[bookmark: _Toc27765162][bookmark: _Toc37680819][bookmark: _Toc46486389][bookmark: _Toc52546734][bookmark: _Toc52547264][bookmark: _Toc52547794][bookmark: _Toc52548324][bookmark: _Toc139050859]Annex
The location format in SIB19

38.331
–	SIB19
SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK143][bookmark: OLE_LINK145]    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    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
    ]]
}

NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}

-- TAG-SIB19-STOP
-- ASN1STOP

–	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

37.355
[bookmark: _Toc27765158][bookmark: _Toc37680815][bookmark: _Toc46486385][bookmark: _Toc52546730][bookmark: _Toc52547260][bookmark: _Toc52547790][bookmark: _Toc52548320][bookmark: _Toc139050855]–	Ellipsoid-Point
The IE Ellipsoid-Point is used to describe a geographic shape as defined in TS 23.032 [15].
-- ASN1START

Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}

-- ASN1STOP

The location format in NTN-Config-r17
[bookmark: _Toc139045645]–	NTN-Config
The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.
NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START

NTN-Config-r17 ::=             SEQUENCE {
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK167][bookmark: OLE_LINK168]    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
}

-- TAG-NTN-CONFIG-STOP
-- ASN1STOP
	NTN-Config field descriptions

	EphemerisInfo
This field provides satellite ephemeris either in format of position and velocity state vector or in format of orbital parameters. This field is excluded when determining changes in system information, i.e. changes to ephemerisInfo should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	…



[bookmark: _Toc139045572]–	EphemerisInfo
The IE EphemerisInfo provides satellite ephemeris. Ephemeris may be expressed either in format of position and velocity state vector in ECEF or in format of orbital parameters in ECI. Note: The ECI and ECEF coincide at epochTime, i.e., x,y,z axis in ECEF are aligned with x,y,z axis in ECI at epochTime.
EphemerisInfo information element
-- ASN1START
-- TAG-EPHEMERISINFO-START

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)

-- TAG-EPHEMERISINFO-STOP
-- ASN1STOP

	EphemerisInfo field descriptions

	eccentricity
Satellite orbital parameter: eccentricity e, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 1.431 * 10-8. Actual value = field value * (1.431 * 10-8).

	inclination
Satellite orbital parameter: inclination i, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	longitude
Satellite orbital parameter: longitude of ascending node , see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	meanAnomaly
Satellite orbital parameter: Mean anomaly M at epoch time, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	periapsis
Satellite orbital parameter: argument of periapsis , see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	positionX, positionY, positionZ
X, Y, Z coordinate of satellite position state vector in ECEF. Unit is meter.
Step of 1.3 m. Actual value = field value * 1.3.

	semiMajorAxis
Satellite orbital parameter: semi major axis , see NIMA TR 8350.2 [71]. Unit is meter.
Step of 4.249 * 10-3 m. Actual value = 6500000 + field value * (4.249 * 10-3).

	velocityVX, velocityVY, velocityVZ
X, Y, Z coordinate of satellite velocity state vector in ECEF. Unit is meter/second.
Step of 0.06 m/s. Actual value = field value * 0.06.



