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1. Introduction
RAN2 receives the new LS from RAN4 on NR ATG network assistance, Timing Advance (TA) reporting and signaling support [1] [2]. Besides, in the last meeting, we have agreed to define a new SIB and the new SIB would include location information for ATG access. However, the format of the location information and the signaling design for the new SIB have not been determined yet. In this contribution, we’d like to discuss TA reporting scheme, signaling design and signaling support for ATG.
2. Discussion
2.1. TA reporting scheme
The TA reporting procedure is used to provide the network with the UE’s estimated TA to reduce guard period (GP) overhead for TDD system. According to the LS, the TA reporting for ATG UE takes NTN TA reporting mechanism as baseline. In this subject, we’d like to share our views on the ATG TA reporting scheme.
· How to trigger the TA reporting?
According to the TS 38.321 clause 5.4.8, the Timing Advance report for NTN would be triggered if any of the following events occurs:
· upon indication from upper layers to trigger a Timing Advance report;
· upon configuration of the threshold of offset TA, and the UE has not previously reported Timing Advance value to current Serving Cell;
· Upon the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than the configured threshold, if configured.
Generally, we think the triggering conditions for TA reporting in NTN can be reused in ATG network. 
Proposal 1: The triggering conditions for TA reporting in NTN can be reused in ATG network, which includes:
· upon indication from upper layers to trigger a Timing Advance report;
· upon configuration of the threshold of offset TA, and the UE has not previously reported Timing Advance value to current Serving Cell;
· upon the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than the configured threshold, if configured.
· How to report TA value?
In NTN, if TA report is triggered and not canceled, the MAC entity would send Timing Advance Report MAC CE to the network. The format of Timing Advance Report MAC CE is as follows:

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. The length of this field is 14 bits. While, considering the maximum TA value for ATG is 28 symbols, only 5 bits are needed in the ATG network. Regarding the MAC CE for ATG TA reporting, there are the following two options:
Option 1: Reuse the existing MAC CE;
Option 2: Introduce new MAC CE. 
Regarding option 1, we can use the leftmost 5 bits of Timing Advance field. Specially, the ATG UE will use the leftmost 5 bits in the Timing Advance field, and the NTN UE will use all of the 14 bits. The disadvantage is that one byte would be wasted.
Regarding option 2, we can introduce the following MAC CE:
[image: ]
The length of Timing Advance field is only 5 bits, which shorten the length of Timing Advance field. However,  there are only 6 LCID values left for UL-SCH, it is not reasonable to use new LCID. If using new eLCID, considering the existing MAC CE uses LCID, additional one byte would be used. In this way, introducing new MAC CE can not bring the advantage of signaling overhead reduction, but occupies an additional eLCID value. Thus, we prefer option 1.
Proposal 2: Reuse the existing Timing Advance Report MAC CE for ATG TA reporting, and the ATG UE uses the leftmost 5 bits in the Timing Advance field.
· The network configuration and UE capability
In NTN, the network indicates to the UE whether to enable TA reporting via ta-Report-r17:
NTN-Config-r17 ::=             SEQUENCE {
***skip non-related part***
    ta-Report-r17                    ENUMERATED {enabled}                        OPTIONAL,  -- Need R
    ...
}

	ta-Report
When this field is included in SIB19, it indicates reporting of timing advanced is enabled during Random Access due to RRC connection establishment or RRC connection resume, and during RRC connection reestablishment. When this field is included in ServingCellConfigCommon within dedicated signalling, it indicates TA reporting is enabled during Random Access due to reconfiguration with sync (see TS 38.321 [3], clause 5.4.8).



Similarly, the 1 bit indication to inform the UE whether TA reporting is enabled in ATG network is needed. 
In Ts 38.331, the texts related to TA reporting are as follows:
	5.3.3.3 Actions related to transmission of RRCSetupRequest message
1> if ta-Report is configured with value enabled and the UE supports TA reporting:
2> indicate TA report initiation to lower layers;
5.3.5.3 Reception of an RRCReconfiguration by the UE
1> else (RRCReconfiguration was received via SRB1):
2> if the reconfigurationWithSync was included in spCellConfig of an MCG:
3> if ta-Report is configured with value enabled and the UE supports TA reporting:
4> indicate TA report initiation to lower layers;
5.3.7.4 Actions related to transmission of RRCReestablishmentRequest message
1> if ta-Report is configured with value enabled and the UE supports TA reporting:
2> indicate TA report initiation to lower layers;
5.3.13 RRC connection resume
5.3.13.2 Initiation
1> if ta-Report is configured with value enabled and the UE supports TA reporting:
2> indicate TA report initiation to lower layers;



As mentioned above, as long as ta-Report is provided, the UE supporting TA reporting will initiate the TA reporting procedure, no matter which signaling the ta-Report is contained in. Thus, in order to reduce the impact on the existing specification, we suggest to reuse ta-report to enable TA reporting in ATG. 
Considering we have agreed to define a new SIB in the last meeting, we think ta-report IE can be included in the new SIB to enable the TA reporting in the RRC connection establishment、resume and reestablishment procedures. And to enable TA reporting during reconfiguration with sync, the ta-Report can be contained in the ServingCellConfigCommon.
Proposal 3: IE ta-Report can used to enable TA reporting in ATG, and is contained in the new SIB and ServingCellConfigCommon.
RRC controls Timing Advance reporting by configuring offsetThresholdTA and timingAdvanceSR:
MAC-CellGroupConfig  ::=             SEQUENCE {
***skip non-related part***
    tar-Config-r17 SetupRelease { TAR-Config-r17 } OPTIONAL, -- Need M
***skip non-related part***
}

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
    ...
}

The IE offsetThresholdTA is used to indicate the variation threshold between the current estimate of the Timing Advance value and the last reported Timing Advance value. If variation is equal to or larger than offsetThresholdTA, the Timing advance report would be triggered.
As mentioned above, the same triggering conditions can be applied in ATG. However, the values of offsetThresholdTA-r17 are not suitable for ATG, because the maximum of TA value is only 28 symbols. Thus, we need to introduce new IE to indicate the variation threshold for ATG, as follows:
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
    offsetThresholdTA-ATG-r18         INTEGER (1...27)                                   OPTIONAL, -- Need R
...
}
The IE timingAdvanceSR-r17 is used to enable the UE to trigger the Scheduling Request when UL-SCH resources are not available for the TA reporting. We think this IE can be reused in the ATG network. 
Proposal 4: Introduce new IE offsetThresholdTA-ATG-r18 in TAR-Config-r17 to configure the variation threshold between the current estimate of the Timing Advance value and the last reported Timing Advance value, and the range is between 1 symbol to 27 symbols.
Proposal 5: Reuse timingAdvanceSR-r17 in TAR-Config-r17 to enable the UE to trigger the Scheduling Request when UL-SCH resources are not available for the TA reporting in ATG network.
To indicate whether the UE supports TA information reporting in NTN, RAN2 introduces uplink-TA-Reporting-r17 and uplinkPreCompensation-r17, as follows:
BandNR ::=             SEQUENCE {
***skip non-related part***
    -- R1 26-1: Uplink Time and Frequency pre-compensation and timing relationship enhancements
    uplinkPreCompensation-r17 ENUMERATED {supported}   OPTIONAL,
    -- R1 26-4: UE reporting of information related to TA pre-compensation
    uplink-TA-Reporting-r17    ENUMERATED {supported}   OPTIONAL,
***skip non-related part***
}

	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

	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


It is noted that some of the descriptions for the two UE capabilities are not suitable for the ATG network (See the red line part) because ATG network has not introduce UE specific K_offset scheme and k_max scheme so far. To make it clearer, we suggest to introduce a new UE capability to support TA reporting in ATG.
Proposal 6: Introduce a new UE capability to support TA reporting in ATG.

2.2 signaling design 
In the last meeting, we have agreed to introduce a new SIB and the location information shall be included in the new SIB for ATG access. However, the format of the location information has not been determined yet. Generally, there are the following two options:
Option 1: Using position vectors in ECEF to indicate the location information of ATG BS;
Option 2: Use EllipsoidPoint to indicate the location information of ATG BS;
Ellipsoid-Point describes a point on the surface of the ellipsoid in format of longitude and latitude, and could be used to refer to a point on Earth's surface or close to Earth's surface. However, the altitude of the point can not be provided. For ECEF (Earth-Centerred, Earth-Fixed), it is a three-dimensional coordinate, and the altitude information would be given. In our understanding, the accuracy of ATG BS location would be very low without the altitude information. For example, the vertical distance between the ATG UE and BS on the ground may be hundreds of meters longer than between the ATG UE and BS on the top of the tall building or high mountain. Thus, we prefer option 1.
Proposal 7: Use position vectors in the ECEF to indicate the location information of ATG BS.
According to the LS, RAN4 agreed to introduce network assistance on neighbor ATG cells reference locations  similar to NTN assistance framework. The signaling for neighbor NTN cells reference location is as follows:
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
    ]]
}

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
}  

maxCellNTN-r17 INTEGER ::= 4 -- Maximum number of NTN neighbour cells for which assistance information is provided

The IE ntn-NeighCellConfigList-r17 and ntn-NeighCellConfigListExt-v1720 is used to provide the lists of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. It is noted that the reason to introduce ntn-NeighCellConfigListExt-v1720 is that 4 neighbour cells may not be enough. Thus, when designing the signaling for ATG, it is worthy to note the maximum number of ATG neighbour cells. Taking NTN for reference, we think 8 is suitable. Besides, to identity the location information belongs to which Cell, the carrier frequency and physical cell ID of neighbour cell are needed. We can introduce new IE atg-NeighCellConfigList-r18 to indicate the list of ATG neighbour cells including their carrier frequency, physical cell ID and location information.
Proposal 8: Introduce atg-NeighCellConfigList-r18 in the new SIB to indicate the list of ATG neighbour cells including their carrier frequency, physical cell ID and location information.
In addition, in order to avoid the out-of-order in the existing scheduling timeline due to large RTT, RAN4 agreed to introduce k_offset mechanism. Regrading k_offset for ATG, the existing cellSpecificKoffset-r17 for NTN can be taken as starting point. Since the RTT of NTN is much larger than ATG, the upper boundary of k_offset shall be re-defined. Considering the maximum of TA is 28 symbols, the upper boundary can be defined to 2.
Proposal 9: Introduce cellSpecificKoffset-r18 in the new SIB to indicate the scheduling offset used for the timing relationships that are modified for ATG, and the maximum value is 2.
Similar to NTN, we think the assistance information for ATG can also be transmitted to the UE via dedicated signaling. One applicable scenario is the source ATG BS can send the assistance information of the target ATG BS to help the UE to perform handover. These assistance information can be contained in the ServingCellConfigCommon IE and includes the location information, cell_specific k_offset, RRM requirement set indication and TA reporting indication of the ATG BS.
Proposal 10: The ATG assistance information can also be provided to the UE via ServingCellConfigCommon IE, and the assistance information includes location information, cell_specific k_offset, RRM requirement set indication and TA reporting indication of the ATG BS.
Based on the discussion above, the signaling for the ATG can be designed as follows:

ServingCellConfigCommon ::= SEQUENCE {
***skip non-related part***
atg-Config-r18                    ATG-Config-r18                               OPTIONAL, -- Need R
***skip non-related part***
}

SIBxx-r18 ::= SEQUENCE {
atg-Config-r18                    ATG-Config-r18                               OPTIONAL, -- Need R
    atg-NeighCellConfigList-r18    ATG-NeighCellConfigList-r18                OPTIONAL, -- Need R
    ...
}

ATG-NeighCellConfigList-r18 ::= SEQUENCE (SIZE(1..maxCellATG-r18)) OF ATG-NeighCellConfig-r18

ATG-NeighCellConfig-r18 ::= SEQUENCE {
    carrierFreq-r18    ARFCN-ValueNR           OPTIONAL, -- Need R
physCellId-r18     PhysCellId               OPTIONAL  -- Need R
    atg-Config-r18     ATG-Config-r18          OPTIONAL  -- Need R
}


ATG-Config-r18 ::= SEQUENCE {
    atgLocation-r18                  ATGLocation-r18                               OPTIONAL, -- Need R
    cellSpecificKoffsetATG-r18     INTEGER (1,2)                                 OPTIONAL, -- Need R
atgRequirementFlag-r18          ENUMERATED {set2}                      OPTIONAL, -- Need R
ta-Report-r18                     ENUMERATED {enabled}                   OPTIONAL, -- Need R
    ...
}

ATGLocation-r18 ::=       SEQUENCE {
      positionX-r18                  PositionStateVector-r17,
      positionY-r18                  PositionStateVector-r17,
      positionZ-r18                  PositionStateVector-r17,
}

maxCellATG-r18 INTEGER ::= 8 -- Maximum number of ATG neighbour cells for which assistance information is provided. 

2.3 Signaling support 
In the last meeting, RAN 4 has agreed to introduce a new UE capability [RatedMOPATG] to indicate the maximum output power at maximum modulation order and full RB allocation to network. The range of the maximum output power for ATG UE is 23 dBm~40dBm, and the reporting granularity is 1dB. Thus, the corresponding signaling design can be defined as follows:
RatedMaxOutputPower-ATG-r18 :: = INTEGER (23..40)

And the new UE capability RatedMaxOutputPower-ATG-r18 is only applicable in the ATG operating bands.
Proposal 11: RAN2 to introduce a new UE capability RatedMaxOutputPower-ATG-r18 to indicate the maximum output power at maximum modulation order and full RB allocation to network, and this capability is only applicable in the ATG operating bands.
3. Conclusion and proposals
Proposal 1: The triggering conditions for TA reporting in NTN can be reused in ATG network, which includes:
· upon indication from upper layers to trigger a Timing Advance report. 
· upon configuration of the threshold of offset TA, and the UE has not previously reported Timing Advance value to current Serving Cell;
· upon the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than the configured threshold, if configured.
Proposal 2: Reuse the existing Timing Advance Report MAC CE for ATG TA reporting, and the ATG UE uses the leftmost 5 bits in the Timing Advance field.
Proposal 3: IE ta-Report can used to enable TA reporting in ATG, and is contained in the new SIB and ServingCellConfigCommon.
Proposal 4: Introduce new IE offsetThresholdTA-ATG-r18 in TAR-Config-r17 to configure the variation threshold between the current estimate of the Timing Advance value and the last reported Timing Advance value, and the range is between 1 symbol to 27 symbols.
Proposal 5: Reuse timingAdvanceSR-r17 in TAR-Config-r17 to enable the UE to trigger the Scheduling Request when UL-SCH resources are not available for the TA reporting in ATG network.
Proposal 6: Introduce a new UE capability to support TA reporting in ATG.
Proposal 7: Use position vectors in the ECEF to indicate the location information of ATG BS.
Proposal 8: Introduce atg-NeighCellConfigList-r18 in the new SIB to indicate the list of ATG neighbour cells including their carrier frequency, physical cell ID and location information.
Proposal 9: Introduce cellSpecificKoffset-r18 in the new SIB to indicate the scheduling offset used for the timing relationships that are modified for ATG, and the maximum value is 2.
Proposal 10: The ATG assistance information can also be provided to the UE via ServingCellConfigCommon IE, and the assistance information includes location information, cell_specific k_offset, RRM requirement set indication and TA reporting indication of the ATG BS.
Proposal 11: RAN2 to introduce a new UE capability RatedMaxOutputPower-ATG-r18 to indicate the maximum output power at maximum modulation order and full RB allocation to network, and this capability is only applicable in the ATG operating bands.
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