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1. Introduction
In last meeting, RAN4 has held warm discussion around RRM aspects in ATG case. The following agreements were achieved in [1] around the measurement requirements:
	Phase antenna array impact
Issue 4-1-1: Phase antenna array impact for L3 measurements
Agreement: 
· Recommend RAN2 to introduce network assistance on neighbor ATG cells reference locations similar to NTN assistance framework
· Do not introduce scaling factor N and the existing measurement requirements can be reused for ATG UEs [with omnidirectional antennas]
· Introduce scaling factor N for L3 measurements for ATG UEs with [antenna arrays]
· N = 3 for the case when network assistance on ATG cells reference locations is provided
· N = 4 otherwise
· FFS if any additional UE capability is needed for ATG UEs with [antenna arrays]
· Note: the terms for UE types need to be further aligned with RF session

Issue 4-1-2: Phase antenna array impact for L1 measurements
· Option 1: Do not introduce scaling factor N. Existing measurement requirements can be reused, provided that beam steering based on the positioning is capable for the ATG UE.
· Option 2: Introduce scaling factor.
· Option 2-1:
· For FR1 ATG UE with phase array antenna, scaling factor ’P’ for L1 serving cell measurement, L3 neighbouring cell intra-frequency measurement without MG and inter-frequency measurement without MG should be introduced. The impacted requirements including:
· Radio link monitoring
· Link recovery procedures
· L1-RSRP/SINR measurements for Reporting
· intra-frequency measurements without measurement gaps for ATG
· Inter frequency measurements without measurement gaps for ATG
· CSI-RS based intra-frequency measurements
Agreement: Option 1

Issue 4-1-3: Sharing factor between L1 and L3 measurements if introduced
· Option 1: P value for L1 serving cell measurement is defined as 
· Psharing factor * Ntotal / Noutside_MG with Navailable = 0
· Ntotal / Navailable with Navailable > 0
· For a window W of duration max(TL1,  MGRPmax), where MGRPmax is the maximum MGRP across all configured per-UE measurement gaps, and starting at the beginning of any  resource occasion: 
· Ntotal is the total number of L1-measurement-RS resource occasions within the window, including those overlapped with measurement gap occasions or SMTC occasions within the window W, and
· Noutside_MG is the number of L1-measurement-RS resource occasions that are not overlapped with any measurement gap occasion within the window W
· Navailable is 
· the number of L1-measurement-RS resource occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window W, and 
· same as Noutside_MG, otherwise 
· TL1 is periodicity of the target L1-measurement-RS
· Psharing factor = [3].
· Option 2: P value for L3 intra-frequency measurement without gap and inter-frequency measurement without gap is defined as: 
· P=1, 
· if only serving cell are measured (for intra-frequency measurement)
· if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting outside measurement gap are not fully overlapped by SMTC occasions, or 
· if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting outside measurement gap and fully-overlapped by  SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, and RSSI symbols are indicated by SS-RSSI-Measurement;
· P = 1.5 (Psharing factor/Psharing factor-1), otherwise.
Agreement: Option 1+Option 2

Issue 4-1-4: Phase antenna array impact for scheduling restriction
· Option 1: 
· when the ATG UE with phase array antenna performs intra-frequency neighbouring cell measurements in TDD band, the following restrictions apply due to SS-RSRP or SS-SINR measurement:
· If deriveSSB-IndexFromCell is enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signaling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
· If deriveSSB-IndexFromCell is not enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
· When the ATG UE with phase array antenna performs intra-frequency neighbouring cell measurements in TDD band, the following restrictions apply due to SS-RSRQ measurement:
· If deriveSSB-IndexFromCell is enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration. If the high layer signaling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
· If deriveSSB-IndexFromCell is not enabled, the UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
· When ATG UE with phase array antenna performs inter-frequency measurements without measurement gaps in a TDD band, the following restrictions apply due to SS-RSRP or SS-SINR measurement 
· UE is not expected to receive PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. 
· When ATG UE with phase array antenna performs inter-frequency measurements without measurement gaps in a TDD band, the following restrictions apply due to SS-RSRQ measurement 
· UE is not expected to receive PUCCH/PUSCH/SRS on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration. 
Agreement: Option 1.
Measurement requirement
Issue 4-2-1: Applicability rule
· Option 1: The measurement requirements for ATG neighbor cells should apply provided that SSB of neighbor cells are within SMTC window in Rel-18. 
Agreement: Option 1.


Based on the progress all achieved in previous meetings, around the measurement for ATG UE, basically all remaining issues have been identified. Only one FFS regarding the UE capability of phase antenna array is still kept. Additionally, some further update around the scaling factor N maybe needed when considering inter-frequency RRM measurement. In this document, we provide our views focused on these issue.
2. Discussion
For the CPE UE operation on 4G Hz, even it belongs to FR1, for the sake of the coverage, phase antenna array i.e. directional antenna is assumed in co-existence study. Such antenna assumption is different from legacy for FR1, so the concerns on the measurement performance due to the potential unmatched beam direction raised during previous meetings. Accordingly, the solutions were discussed and agreed in last meeting in [1], i.e. introducing scaling factor N to give UE enough opportunity to accommodate the measurements for serving cell and neighbour cells. For details, N = 3 for the case that the network assistance on ATG cells reference locations is provided; otherwise N = 4.
The reason of setting N = 3 lies in the consideration of one serving cell plus two potential neighbour cells adjacent the current serving cell. Originally we prefer only one neighbour cell along the flight route is enough when determine N, while some company concerns the deployment of cells may be not in line but in reticulation, so besides the serving cell, considering two neighbour cells is robust, so finally N is determined as 3 for the case that the network assistance on ATG cells reference locations is provided.
However due to both intra-frequency and inter-frequency RRM measurements are considered in ATG, for inter-frequency RRM measurement, no need to accommodate serving cell, so the scaling factor N can be reduced by one. As a result, N = 2 for inter-frequency RRM measurements when the network assistance on ATG cells reference locations is provided. Accordingly, similar reduction is applied for the otherwise case, i.e. N = 3 for the case of he network assistance on ATG cells reference locations is not provided.
Proposal 1: For intra-frequency RRM measurement, keep the agreements achieved in last meeting in terms of scaling factor N for phase antenna array. While for inter-frequency RRM measurement, reduce the N by one, i.e. N = 2 for the case when network assistance on ATG cells reference locations is provided, otherwise N = 3.
Still one FFS is kept regarding the UE capability of phase antenna array. To our understanding, the whole picture is: The ATG UE would report which ATG band(s) within the ATG applicable bands can be supported by the UE. All ATG applicable bands are shown in Table 1. Once band n79 is reported as support, which means the UE is applied with antenna array at least. By default, if NW configures band n79 to UE, which means the phase antenna array is assumed, and the requirements of phase antenna array should be applied. If other band than n79 is configured by the NW, then omni-antenna is assumed at UE. So no need to apply the requirements for phase antenna array.
Table 1 NR operating bands related to ATG in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD


Therefore, no need to introduce any additional UE capability of supporting phase antenna array, such antenna assumption is tied with band n79 by default. 
Proposal 2: Regarding the antenna assumption, phase antenna array is tied with band n79, and omni-antenna is tied with other ATG bands. For the band n79 capable UE, it works with phase antenna array by default at band n79.
3. Conclusion
In this contribution, we have the following proposals for the measurement requirements for ATG system:
Proposal 1: For intra-frequency RRM measurement, keep the agreements achieved in last meeting in terms of scaling factor N for phase antenna array. While for inter-frequency RRM measurement, reduce the N by one, i.e. N = 2 for the case when network assistance on ATG cells reference locations is provided, otherwise N = 3.
Proposal 2: Regarding the antenna assumption, phase antenna array is tied with band n79, and omni-antenna is tied with other ATG bands. For the band n79 capable UE, it works with phase antenna array by default at band n79.
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