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1. Introduction 
In RAN2#123bis meeting, following agreements were made.
Agreements
1 Reporting in symbol time unit and use two octets information (current MAC CE format with updated description for ATG)
2 New IE TAR-Config-r18 is introduced to configure threshold in the unit of symbol duration for Timing Advance report trigger
3 Add an additional bit in the new SIB that tells the UE to send the TA report when it does RA (similar to NTN)
4 For ATG, the TAR is enabled/disabled by SI, which can be provided by SI for RRC re-establishment and RRCconfiguration with synch 
5 RAN2 does not specify any BS location accuracy (e.g. via distanceThresh) but indicates just the reference location (e.g. using referenceLocation-r17 IE) to provide the approximate BS’s position for both the serving BS and neighbour BSs.  Altitude is included.
6 RAN2 enables the signalling to provide cell-specific koffset for ATG purposes.  FFS for UE specific koffset pending RAN1 input.   FFS on value ranges’ 
7 For inter-frequency cell reselections Set 1 is a default behaviour. Set 2 is applied when 1 bit information in SIB for ATG indicates this for a particular ATG cell and the entire functionality is optional.   

RAN4 has sent a reply LS in [1] asking RAN2 to introduce TA reporting using NTN procedure. RAN4 has also sent LS in [2] asking RAN2 to introduce signalling support for the UE capability to report maximum output power support. There is a new LS in [3] to further update the range of maximum output power and introduce additional capability on antenna type requirement.
In this document, we provide details of the UE capabilities for ATG UE.
2. Discussion 
TA report in ATG cell
RAN4 has decided that TA reporting defined in NTN is supported in ATG. In NTN, following two UE capabilities are reported per band related to UE’s TA reporting. The ATG UE could also use the same capability signaling in ATG operating bands. However, same requirements as in NTN may not be applicable to ATG UE and some update in the field description would be needed.
Table 1: NTN capability for TA reporting
	uplinkPreCompensation-r17
Indicates whether the UE supports the uplink time and frequency pre-compensation and timing relationship enhancements comprised of the following functional components:
-	Support of UE specific TA calculation based on its GNSS-acquired position and the serving satellite ephemeris.
-	Support of common TA calculation according to the parameters provided by the network (UE considers common TA as 0 if the parameters are not provided)
-	For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
-	Support of pre-compensation of the calculated TA in its uplink transmissions
-	Support of estimating UE-gNB RTT and delaying the start of RAR window by UE-gNB RTT
-	Support of frequency pre-compensation to counter shift the Doppler experienced on the service link
-	Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated
-	Support of determining timing of the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated and determining the timing of PDCCH monitoring in recovery search space using K-mac during beam failure recovery procedure
-	Support of UE receiving cell-specific K_offset/K_mac in system information
Support of this feature in NTN bands is mandatory for UE supporting nonTerrestrialNetwork-r17. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	CY
	N/A
	N/A

	uplink-TA-Reporting-r17
Indicates whether the UE supports UE reporting of information related to TA pre-compensation as specified in TS 38.321 [8]. UE indicating support of this feature shall also indicate support of uplinkPreCompensation-r17 for this band. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A



The requirement can be relaxed as compared to NTN UEs such as the ATG UE does not need “Support of estimating UE-gNB RTT and delaying the start of RAR window by UE-gNB RTT”. The ATG UE does not need Kmac. The ATG UE shall not indicate support of nonTerrestrialNetwork-r17. In our view, to avoid complexity, a new UE capability for UL pre-compensation can be introduced. The new UE capability can be uplinkPreCompensation-ATG-r18. Similarly, a per-UE master capability can be introduced to let the network know UE is capable of supporting ATG specific essential features such as acquisition of ATG specific new SIBxx. Also, it may be cleaner to introduce new UL TA reporting capability for ATG UEs as shown in Table 2.
Table 2: Text proposal
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	airToGroundNetwork-r18
Indicates whether the UE supports air to ground network access. If the UE indicates this capability the UE shall support the following ATG essential features, e.g., acquiring ATG specific SIBxx.
	UE
	No
	No
	No

	uplinkPreCompensation-ATG-r18
Indicates whether the UE supports the uplink time and frequency pre-compensation and timing relationship enhancements comprised of the following functional components:
-	Support of UE specific TA calculation based on its position and the serving ATG base station reference location.
-	For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation) and closed (i.e., received TA commands) control loops
-	Support of pre-compensation of the calculated TA in its uplink transmissions
-	Support of frequency pre-compensation to counter shift the Doppler experienced.
-	Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated
-	Support of UE receiving ATG base station reference location and cell- specific K_offset in system information
Support of this feature in this band is mandatory for UE supporting airToGroundNetwork-r18.
	Band
	CY
	N/A
	N/A

	uplink-TA-Reporting-ATG-r18
Indicates whether the UE supports UE reporting of information related to TA pre-compensation as specified in TS 38.321 [8]. The UE indicating support of this feature shall also indicate support of uplinkPreCompensation-ATG-r18 for this band. 
	Band
	No
	N/A
	N/A



Proposal 1 [bookmark: _Toc146465327][bookmark: _Toc146532937][bookmark: _Toc146608019][bookmark: _Toc146824954][bookmark: _Toc146825010][bookmark: _Toc146825107][bookmark: _Toc146828602][bookmark: _Toc149729510][bookmark: _Toc149740949][bookmark: _Toc149742143][bookmark: _Toc149817402][bookmark: _Toc149845356][bookmark: _Toc149845532][bookmark: _Toc150255876][bookmark: _Toc150849818][bookmark: _Toc150880119]Introduce master capability for UE to indicate support of ATG essential features, i.e., new SIBxx, cell specific Koffset, UE specific TA calculation, time/frequency compensation.
Proposal 2 [bookmark: _Toc146465328][bookmark: _Toc146532938][bookmark: _Toc146608020][bookmark: _Toc146824955][bookmark: _Toc146825011][bookmark: _Toc146825108][bookmark: _Toc146828603][bookmark: _Toc149729511][bookmark: _Toc149740950][bookmark: _Toc149742144][bookmark: _Toc149817403][bookmark: _Toc149845357][bookmark: _Toc149845533][bookmark: _Toc150255877][bookmark: _Toc150849819][bookmark: _Toc150880120]Introduce per band UL TA reporting capability, i.e., uplink-TA-Reporting-ATG-r18, conditional on the support of ATG specific essential features (NOT uplinkPreCompensation-r17).
Maximum output power capability.
RAN2 has sent LS in [2] to RAN2 with the following action.
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.

In our view, ATG UE just needs to indicate its maximum output power rating at maximum modulation order and full RB allocation. The UE just needs to indicate one value out of the range [23 dBm to 40 dBm] in the granularity of 1dB. This is mandatory and per band UE capability signaling.
	    [[
    -- maximum output power rating at maximum modulation order and full RB allocation in the range[23 dBm to 40 dBm] in the granularity of 1dB (per band)
    maxOutputPower-ATG-r18            INTEGER (1..18)                      OPTIONAL,
    ]]




Proposal 3 [bookmark: _Toc146465329][bookmark: _Toc146532940][bookmark: _Toc146608021][bookmark: _Toc146824956][bookmark: _Toc146825012][bookmark: _Toc146825109][bookmark: _Toc146828604][bookmark: _Toc149729512][bookmark: _Toc149740951][bookmark: _Toc149742145][bookmark: _Toc149817404][bookmark: _Toc149845358][bookmark: _Toc149845534][bookmark: _Toc150255878][bookmark: _Toc150849820][bookmark: _Toc150880121]Introduce maxOutputPower-ATG-r18 with 5 bit INTEGER to indicate UE’s rate maximum output power. For ATG capable UE, it is mandatory with per band UE capability signaling.
In addition, as RAN4 mentioned, there is no agreement to define a power class for the ATG UE. This means the maximum output power rating should be treated as UE’s power class and all the existing power class UE capability signaling does not apply to ATG as below. We should also clarify that CA/DC is not applicable and UE power class signaling per band combination is not applicable.
	maxOutputPower-ATG-r18
Indicates the maximum output power rating at maximum modulation order and full RB allocation as specified in clause 6.2J of TS 38.101-1 [2]. If present, the ue-PowerClass is not included and UE power class is not applicable. Support of this feature is mandatory for UE supporting airToGroundNetwork-r18. This field is only applicable for bands as specified for ATG in clause 5.2J of TS 38.101-1 [2].
	band
	CY
	No
	No



	ue-PowerClass, ue-PowerClass-v1610, ue-PowerClass-v1700
For FR1, if the UE supports the different UE power class than the default UE power class as defined in clause 6.2 of TS 38.101-1 [2], or in clause 6.2 of TS 38.101-5 [34], the UE shall report the supported UE power class in this field. For FR2, UE shall report the supported UE power class as defined in clause 6 and 7 of TS 38.101-2 [3] in this field. UE indicating support for pc6 supports the enhanced intra-NR RRM and demodulation processing requirements for FR2 to support high speed up to 350 km/h as specified in TS 38.133 [5]. This capability is not applicable to IAB-MT. The power class pc7 is only applicable for RedCap UEs operation in FR2. This capability is not applicable to ATG UE.
	Band
	Yes
	N/A
	N/A



Proposal 4 [bookmark: _Toc150849821][bookmark: _Toc150880122]With UE’s rate maximum output power, clarify the existing power class UE capabilities signaling (e.g., ue-PowerClass) does not apply to ATG. Clarify in stage 2 that CA/DC is not supported for ATG in this release.
P-Max
RAN2 has received new LS in [3] with the following action.
· P-max update for ATG UE
Compared with TN UE, RAN4 specified new max and min output power values for ATG UE, so the P-max value range needs also to be updated accordingly. RAN4 kindly asks RAN2 to take the following RAN4 agreements into consideration that P-max range for ATG is suggested to be updated with -21dBm lower bound and 42dBm upper bound.

In our understanding it is very simple to interpret the existing range of P-Max for ATG to avoid changes to RAN2 specifications. One simple way is to define the actual value of the P-Max in ATG cell is the field value of P-Max plus 9 as below.
–              P-Max
The IE P-Max is used to limit the UE's uplink transmission power on a carrier frequency, in TS 38.101-1 [15] and in TS 38.101-5 [75], and is used to calculate the parameter Pcompensation defined in TS 38.304 [20]. In ATG cell, actual value of P-Max = 9 + field value [dBm].
P-Max information element
-- ASN1START
-- TAG-P-MAX-START

P-Max ::=                           INTEGER (-30..33)

-- TAG-P-MAX-STOP
-- ASN1STOP

Proposal 5 [bookmark: _Toc150849822][bookmark: _Toc150880123]As per RAN4 LS, add clarification in the description of field P-Max that in ATG cell, actual value of P-Max = 9 + field value [dBm].
Antenna type
In RAN4 LS [3], RAN4 has asked to introduce a new capability for UE’s support on omi-directional antenna requirements vs array antenna requirements.
· New capability of ATG UE to support different requirements 
RAN4 has defined two sets of RF and RRM requirements considering the implementation freedom for ATG UE with omi-directional antenna and/or antenna array. RAN4 kindly asks RAN2 to define new UE capability for supporting the requirements defined for ATG UE with omi-directional antenna in TS 38.101-1 and TS 38.133, and UE capability for supporting the requirements defined for ATG UE with antenna array in TS 38.101 and TS 38.133. The UE capability is per band basis and only applies for FR1 ATG operation bands including both TDD and FDD bands.
In our understanding, it is a capability for ATG UE antenna type. The UE should indicate whether the ATG UE supports the requirements defined for ATG UE with antenna array. Otherwise, the default behaviour should be that UE supports the requirements defined for ATG UE with omi-directional antenna. This can be per band signalling.
AntennaType-r18
Indicates whether the UE supports the requirements defined for ATG UE with antenna array as specified in TS 38.101-1 [Table xx, Table yy in 6.3J.1 and Table xx, Table yy in 7.4J] and TS 38.133. If the field is absent, the omni-directional requirement applies as specified in TS 38.101-1 and TS 38.133.
Proposal 6 [bookmark: _Toc149729513][bookmark: _Toc149740952][bookmark: _Toc149742146][bookmark: _Toc149817405][bookmark: _Toc149845359][bookmark: _Toc149845535][bookmark: _Toc150255879][bookmark: _Toc150849823][bookmark: _Toc150880124]As per RAN4 LS, introduce 1 bit per band UE capability AntennaType-r18 whether the ATG UE supports the requirements defined for ATG UE with antenna array. If AntennaType-r18 is absent, the omni-directional requirement applies in the given band.
3. Conclusion
[bookmark: _Hlk142566117]Following proposals are made.
Proposal 1	Introduce master capability for UE to indicate support of ATG essential features, i.e., new SIBxx, cell specific Koffset, UE specific TA calculation, time/frequency compensation.
Proposal 2	Introduce per band UL TA reporting capability, i.e., uplink-TA-Reporting-ATG-r18, conditional on the support of ATG specific essential features (NOT uplinkPreCompensation-r17).
Proposal 3	Introduce maxOutputPower-ATG-r18 with 5 bit INTEGER to indicate UE’s rate maximum output power. For ATG capable UE, it is mandatory with per band UE capability signaling.
Proposal 4	With UE’s rate maximum output power, clarify the existing power class UE capabilities signaling (e.g., ue-PowerClass) does not apply to ATG. Clarify in stage 2 that CA/DC is not supported for ATG in this release.
Proposal 5	As per RAN4 LS, add clarification in the description of field P-Max that in ATG cell, actual value of P-Max = 9 + field value [dBm].
Proposal 6	As per RAN4 LS, introduce 1 bit per band UE capability AntennaType-r18 whether the ATG UE supports the requirements defined for ATG UE with antenna array. If AntennaType-r18 is absent, the omni-directional requirement applies in the given band.
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