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Introduction
This summary focuses on RRM core requirements for Rel-18 NR ATG, including agenda 8.13.4, 8.13.4.1-8.13.4.5. The agreed way forward in previous meetings are R4-2310159, R4-2306344, R4-2303226, R4-2220361, R4-2217256 and R4-2214737. Due to it is the last meeting of core part, companies are encouraged to be concise.
Recommendation of prioritized topics for online discussion 
· Issue 2-1-1: Cell re-selection mechanism
· Issue 2-2-1:  Location based CHO mechanism
· Issue 3-1: Special TDD patterns/scheduling restrictions method for GP issue
· [bookmark: _GoBack]Issue 4-1-1: Phase antenna array impact for L3 measurements
Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311788
	CMCC
	Observation 1: From the perspective of frequency error:
· for the case of long PRACH format and non-sub-array antenna, the error of indicated BS location should be within 2km for 2GHz, and 0.72km for 4GHz.
· for the case of long PRACH format and sub-array antenna, the error of indicated BS location should be within 9.32km for 2GHz, and 2km for 4GHz.
Observation 2: From the perspective of frequency error:
·  for the short PRACH format, the error of indicated BS location should be within 15km for sub-array antenna, and 6km for non-sub-array antenna.
Observation 3: For DL/UL 15kHz SCS, the maximum error tolerance of indicated BS location is about 3.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 4: For DL/UL 30kHz SCS, the maximum error tolerance of indicated BS location is about 1.9km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 5: For long PRACH format of 1.25kHz SCS, the maximum error tolerance of indicated BS location is about 40km. The tolerance is related to PRACH preamble format, longer CP length allows larger uncertainty.
Observation 6: For long PRACH format of 1.25kHz SCS, the bottleneck of error tolerance of indicated BS location is frequency error budget. 
· Sub-array antenna allows larger uncertainty compared with non-sub-array antenna.
· Lower frequency allows larger uncertainty.
Observation 7: For short PRACH format of 15kHz and 30kHz SCS, the bottleneck of error tolerance of indicated BS location is timing error budget. 
· Longer CP length allows larger uncertainty.
Observation 8: From a comprehensive perspective of timing error budget and frequency error budget, the BS reference location error should be within 3.9km. The exact accuracy in each specific case is attached in the attachment.
Proposal 1: Although BS location error may not impact the signaling design in RAN2, it is still benefit to have a common understanding in RAN4.



Open issues summary
Issue 1-1: BS location accuracy
· Proposals
· Option 1: Although BS location error may not impact the signaling design in RAN2, it is still benefit to have a common understanding in RAN4. (CMCC)
· From a comprehensive perspective of timing error budget and frequency error budget, the BS reference location error should be within 3.9km.
· For long PRACH format of 1.25kHz SCS, the bottleneck of error tolerance of indicated BS location is frequency error budget. 
· Sub-array antenna allows larger uncertainty compared with non-sub-array antenna.
· Lower frequency allows larger uncertainty.
·  For short PRACH format of 15kHz and 30kHz SCS, the bottleneck of error tolerance of indicated BS location is timing error budget. 
· Longer CP length allows larger uncertainty.
· Recommended WF
· Check whether Option 1 can be agreed and provided to RAN2, if RAN2 needs BS location accuracy information.
Topic #2: Mobility requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311647
	CATT
	Proposal 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation, provided that existing NTN signalling is reused.
Proposal 2: For the location-based CHO, reusing the procedure in R17 NTN for R18 ATG (combines RSRP and location based triggering condition) with existing NTN signaling.

	R4-2311791
	CMCC
	Proposal 1: Introduce location-based triggering as an additional condition for intra and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation.
Proposal 2:  Revise the definition of distanceThresh to the distance between UE and the serving cell reference location in two-dimensional direction. 
Proposal 3: Introduce a new concept for ATG distanceThresh_ATG which present the distance threshold between UE and referencelocation. The value of distanceThresh_ATG could be calculated by UE through it’s real-time height and distanceThresh. distanceThresh_ATG = , H is the altitude of UE.
Proposal 4: The distance threshold of location-based cell re-selection should be revised to distanceThresh_ATG in ATG scenario.
Proposal 5: Revise the location-based cell re-selection triggering condition to:
· If Srxlev > SIntraSearchP and Squal > SIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if the distanceThresh is configured and UE has location information, then the UE may not perform measurement of intra-frequency.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority.
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh_ATG if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection
Proposal 6: Introduce location-based CHO for ATG, the procedure and signaling from R17 NTN could be reused.
Proposal 7:  Revise the definition of distanceThreshFromReference1 to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce new concept of distanceThreshFromReference1_ATG which present the distance threshold between UE and serving cell reference location . The value of distanceThreshFromReference1_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1, distanceThreshFromReference1_ATG = ,  H is the altitude of UE.
Proposal 8:  Revise the definition of distanceThreshFromReference2 to the distance from the neighbour cell reference location in two-dimensional direction. Besides, introduce new concepts of distanceThreshFromReference2_ATG which present the distance threshold between UE and neighbour cell reference location . The value of distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference2. distanceThreshFromReference2_ATG = , H is the altitude of UE.
Proposal 9:  Further revise the Thresh 1 and Thresh 2 in Event D1 as follows:
· Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1_ATG, from a reference location configured with parameter referenceLocation1 within reportConfigNR for this event.
· Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2_ATG, from a reference location configured with parameter referenceLocation2 within reportConfigNR for this event.

	R4-2312239
	LG Electronics
	Proposal 1: Introduce distance-based cell reselection and location-based CHO

	R4-2312617
	Ericsson
	Proposal 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation.
Proposal 2: Location based CHO is supported for A2G in Rel-18.

	R4-2313104
	ZTE
	Proposal 1: The ATG CPE should be more powerful than normal hand-held UE and not constraint by the size. So the power consumption is not the factor which should be mainly considered.
Proposal 2: We are open to the optional distance based cell re-selection like NTN. 
Proposal 3: For the location-based CHO, reusing the procedure in R17 NTN is fine. Furthermore, for the reference location of serving cell and target cell, reuse the referencelocation-r17 of the R17 NTN is fine.

	R4-2313438
	Nokia
	Observation 1: The distance threshold parameter for cell reselection is broadcast in SIB19. It is still not clear whether RAN2 will utilize SIB19 to provide assistance information to the ATG UE or if this information will be provided in a different SIB.
Proposal 1: As it remains unclear whether the distance threshold parameter will be available in ATG, not using it as an enhancement for cell reselection
Observation 2: Adopting such enhancement for cell reselection procedure would require the involvement of RAN2 (TS 38.331, 38.300 and 38.304). There are no RAN2 allocations for the present WID.
Proposal 2: Do not introduce height-dependent requirements for measurement procedures for ATG UES.

	R4-2313710
	QC
	Observation 1: Idle mode power savings are not of prime importance for ATG UEs which are CPE devices and can be assumed to be always connected to power.
Observation 2: Because ATG UE (CPE device) is potentially serving a large number of devices for multimedia applications, it may not go to idle mode very often.
Observation 3: Specifying distance-based enhancements need considerable time and effort both within and outside RAN4 group and may need significant discussion in RAN1/RAN2.
Proposal 1: No need to specify distance-based enhancements to cell re-selection mechanism for ATG UEs during Release 18.
Observation 4: Reusing the cell-detection delay requirements from FR2-HST cell-reselection requirements for ATG does not mean that the UE needs to support any HST related IEs, e.g., highSpeedMeasInterFreq-r17, HighSpeedConfig-r16 etc.
Proposal 2: The network indication of set1 or set2 requirements should be a new one that could be broadcasted in a different SIB (e.g., ATG specific SIB). The IE highSpeedMeasInterFreq-r17 in SIB4 should not be used for this purpose.
Observation 5: Cell reselection is an IDLE/INACTIVE mode procedure and UE capabilities are defined for CONNECTED mode.
Proposal 3: UE supporting set2 requirements for ATG is an optional feature without capability signalling. 
Proposal 4: No need to specify location-based CHO mechanisms for ATG UEs during Release 18.



Open issues summary
Sub-topic 2-1 Mobility in RRC_IDLE/INACTIVE
Issue 2-1-1: Cell re-selection mechanism
· Proposals
· Option 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation (CATT, CMCC, LGE, Ericsson, ZTE(open to)) 
· Option 1-1: provided that existing NTN signalling is reused. (CATT)
· Option 2: No need to specify distance-based enhancements to cell re-selection mechanism for ATG UEs during Release 18. (QC, Nokia)
· Recommended WF
· To be discussed.

Issue 2-1-2: Definition for distance threshold
· Proposals
· Option 1:  (CMCC)
· Revise the definition of distanceThresh to the distance between UE and the serving cell reference location in two-dimensional direction. 
· Introduce a new concept for ATG distanceThresh_ATG which present the distance threshold between UE and referencelocation. The value of distanceThresh_ATG could be calculated by UE through it’s real-time height and distanceThresh. distanceThresh_ATG = , H is the altitude of UE. 
· The distance threshold of location-based cell re-selection should be revised to distanceThresh_ATG in ATG scenario.
· Recommended WF
· To be discussed. If Option 1 is agreed, the location-based cell re-selection triggering condition should be correspondingly revised.


Issue 2-1-3: BS indication and UE capability for Cell re-selection requirement
· Proposals
· Option 1:  The network indication of set1 or set2 requirements should be a new one that could be broadcasted in a different SIB (e.g., ATG specific SIB). The IE highSpeedMeasInterFreq-r17 in SIB4 should not be used for this purpose. (QC)
· Option 2: UE supporting set2 requirements for ATG is an optional feature without capability signalling. (QC)
· Recommended WF
· Option 1 depends on RAN2’s SIB design.
· Option 2 can be agreed. 

Sub-topic 2-2 Mobility in RRC_CONNECTED
Issue 2-2-1: Location based CHO mechanism
· Proposals
· Option 1: Introduce location-based CHO for ATG, reusing the procedure in R17 NTN for R18 ATG (combines RSRP and location based triggering condition) (CATT, CMCC, LGE, Ericsson, ZTE)
· Option 1-1: with existing NTN signaling. (CATT, ZTE)
· Option 2: No need to specify location-based CHO mechanisms for ATG UEs during Release 18. (QC)
· Recommended WF
· To be discussed

Issue 2-2-2: Definition for distance threshold
· Proposals
· Option 1:  (CMCC)
· Revise the definition of distanceThreshFromReference1 to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce new concept of distanceThreshFromReference1_ATG which present the distance threshold between UE and serving cell reference location . The value of distanceThreshFromReference1_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1, distanceThreshFromReference1_ATG = ,  H is the altitude of UE.
· Proposal 8:  Revise the definition of distanceThreshFromReference2 to the distance from the neighbour cell reference location in two-dimensional direction. Besides, introduce new concepts of distanceThreshFromReference2_ATG which present the distance threshold between UE and neighbour cell reference location . The value of distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference2. distanceThreshFromReference2_ATG = , H is the altitude of UE.
· Recommended WF
· To be discussed. If Option 1 is agreed, the Thresh 1 and Thresh 2 in Event D1 should be correspondingly revised.
Topic #3: Timing
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311648
	CATT
	Observation 1: If network has no information about UE distance, the large GP is needed. However, some UE may not need large CP, keeping the fixed large CP for TDD will cause resources wasting.
Proposal 1: Reporting distance between UE and network to network should be introduced.
NTN TA reporting mechanism could be reused for ATG UE as a baseline.
Proposal 2: How to optimize is up to network implementation.
Special TDD patterns, distance based solution, scheduling restrictions should all be considered as a package solution.

	R4-2311792
	CMCC
	Observation 1: The pros and cons of two solutions proposed by companies are as follows:
	Solution
	Pros
	Cons

	1. 30D4S6U
	· Throughput loss less than 10%
· Cover the large DL throughput demand of ATG
	· UE need to support the extended k1 and HARQ process (has sent LS to RAN1)
· About 10km isolation distance is needed between ATG BS and legacy TN BS

	2. TA report to assist network configuration
	· No interference between ATG and legacy TN
	· UE need to support TA report, UL overhead is quite large which 2 bytes once report.
· UE need to report TA to network frequently. 
· TDD flexible slot re-configuration couldn’t support the best configuration when the propagation delay is not the integer multiple of half slot. 
· The throughput loss still about 20% when the propagation delay is large.


Proposal 1: At least introduce 30D4S6U in ATG network to address the TP loss issue.
Proposal 2: For the method of UE report TA to assist network configuration, how does network configure the scheduling restriction/TDD flexible slot and the UL overhead optimization method should be further studied.

	R4-2312241
	LG Electronics
	-Proposal 1: TA report or the propagation delay information between UE and gNB should be defined when setting up a guard period to avoid unnecessary long guard period even if how to configure a suitable guard period is up to network.

	R4-2312875
	Huawei, HiSilicon
	Observation 1: If UE reported TA is used to optimize the guard period for ATG UE, then the guard period for ATG UE will change dynamically.
Observation 2: If the guard period for ATG UE is UE-specific configured according to UE reported TA, it will lead to the interference between downlink and uplink for TDD network.
Observation 3: For ATG, UE-specific and dynamically changed guard period increases the complexity of network implementation and also make it impossible for network to avoid the DL-UL interference.
Proposal 1: For ATG network, it is not suggested to introduce UE specific guard period configuration for ATG UE on TDD carrier.

	R4-2313105
	ZTE Corporation
	Observation 1: Within one ATG cell, no matter the airline is busy or not, it is impossible to only cover a single airplane for one cell. Usually multiple airplanes are cover by one cell.
Proposal 1: NW determines the unified GP length based on cell coverage, no need to introduce UE assistant info reporting.

	R4-2313204
	Ericsson
	Observation 1: 	If the gNB receives information on the propagation delay to the UE, then at least half of the GP could be removed.
Proposal 1: 	Estimating the position of the aircraft and enable the calculation of the optimum gap period or let  UE reports the propagation delay information to ATG gNB, so that DL or UL scheduling restriction can be used by ATG gNB based on the information.

	R4-2313710
	QC
	Proposal 5: Use the combination of Cell-specific TDD configuration (TDD-UL-DL-ConfigCommon in ServingCellConfigCommon) and UE-specific TDD configuration (TDD-UL-DL-ConfigDedicated in ServingCellConfig) to solve the guard period issue for large TDD cells.
Cell-specific TDD pattern (TDD-UL-DL-ConfigCommon) configures flexible slots to accommodate the largest RTD based on NW deployment and 
UE-specific TDD pattern (TDD-UL-DL-ConfigDedicated) updates/overwrites the ‘flexible’ slots/symbols in the Cell-specific TDD pattern (TDD-UL-DL-ConfigCommon) based on UE TA report which is currently supported in NTN.



Open issues summary
Issue 3-1: Special TDD patterns/scheduling restrictions method for GP issue
· Proposals
· Option 1: Support Special TDD patterns/scheduling restrictions method for GP issue and Reporting distance between UE and network to network should be introduced, NTN TA reporting mechanism could be reused for ATG UE as a baseline (CATT, LGE)
· Option 2: DL or UL scheduling restriction can be used by ATG gNB, based on estimating the position of the aircraft and enable the calculation of the optimum gap period or let UE reports the propagation delay information to ATG gNB (Ericsson)
· Option 3: (QC)
· Use the combination of Cell-specific TDD configuration (TDD-UL-DL-ConfigCommon in ServingCellConfigCommon) and UE-specific TDD configuration (TDD-UL-DL-ConfigDedicated in ServingCellConfig) to solve the guard period issue for large TDD cells.
· Cell-specific TDD pattern (TDD-UL-DL-ConfigCommon) configures flexible slots to accommodate the largest RTD based on NW deployment and 
· UE-specific TDD pattern (TDD-UL-DL-ConfigDedicated) updates/overwrites the ‘flexible’ slots/symbols in the Cell-specific TDD pattern (TDD-UL-DL-ConfigCommon) based on UE TA report which is currently supported in NTN.
· Option 4: how does network configure the scheduling restriction/TDD flexible slot and the UL overhead optimization method should be further studied. (CMCC)
· Option 5: not to introduce UE specific guard period configuration for ATG UE on TDD carrier. (HW, ZTE)
· Recommended WF
· To be discussed 
· whether and how to introduce the UE reporting propagation delay information.
· How to configure/apply the scheduling restrictions


Issue 3-2:  Candidate solution for Guard period issue
· Proposals
· Option 1: How to optimize is up to network implementation. (CATT)
· Special TDD patterns, distance based solution, scheduling restrictions should all be considered as a package solution.
· Option 2: At least introduce 30D4S6U in ATG network to address the TP loss issue. (CMCC)
· Recommended WF
· To be discussed

Topic #4: Measurement
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311649
	CATT
	Observation 1: When UE measure the neighbour cell, it is reasonable to perform measurements along the direction of the aircraft route for ATG.
Observation 2: Introducing N will cause additional measurement delay.
Proposal 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.
Introduce scheduling restriction due to different Rx beam applies in FR1.

	R4-2311793
	CMCC
	Proposal 1: For FR1 ATG UE with phase array antenna, a scaling factor ‘N’ for serving cell measurement, intra-frequency neighbour cell measurement without MG and inter-frequency neighbour cell measurement without MG should be introduced,  N=2. The impacted requirements including:
· Cell re-selection for serving cell
· Cell re-selection for intra-frequency NR cell
· RRC re-establishment requirement
· RRC Connection Release with Redirection
· intra-frequency measurements without measurement gaps for ATG
· Inter frequency measurements without measurement gaps for ATG
· CSI-RS based intra-frequency measurements
Proposal 2: For FR1 ATG UE with phase array antenna, a 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
Proposal 3: 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].
Proposal 4: P value for L3 neighbouring cell intra-frequency measurement is defined as
P=1, 
-	if only serving cell are measured	
-	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 intra-frequency 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 intra-frequency 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.
Proposal 5: The additional scheduling restriction should be introduced for ATG UE with phase array antenna, which are:
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.

	R4-2312011
	Ericsson
	Proposal 1. When ATG UE performs measurement, no beam sweeping is needed in FR1.
Proposal 2. If the beam sweeping for ATG UE will be introduced in FR1, RAN4 to update the requirement due to Rx beam sweeping, such as L1/L3 measurement, scheduling restriction etc.

	R4-2312259
	LG Electronics
	Proposal 1: For directional antenna for ATG UE in 4GHz frequency, based on option 1, existing measurement requirements could be reused, provided that beam steering based on the positioning is capable for the ATG UE.
Proposal 2: The measurement requirements for ATG neighbor cells should apply provided that SSB of neighbor cells are within SMTC window in Rel-18.

	R4-2312854
	Huawei, HiSilicon
	Proposal 1: To account for directional antenna for FR1 ATG UE, 
- an Rx beam sweeping factor [2] applies in both intra- and inter-frequency measurement period, 
- scheduling restriction applies

	R4-2313103
	ZTE
	Proposal 1: Support the beam steering based on positioning for ATG UE.
Proposal 2: Support to introduce the scheduling restriction similar as that in FR2 for 4 GHz in FR1.
Proposal 3: Even under the assumption of the directional antenna of ATG CPE at 4 GHz, by performing beam steering based on the BS location broadcasting, no need to expend the beam sweeping factor from N = 1 to N >1.

	R4-2313439
	Nokia
	Observation 1: At 4 GHz, ATG UEs are assumed by the WID to be capable of directional transmissions.
Observation 2: In FR1 all current requirements only consider UEs capable of only omnidirectional transmission/reception.
Proposal 1: For UEs with directional antennas operating in 4 GHz, use a scaling N for ATG UEs measurement requirements to account for measurement across multiple directional beams.
Proposal 2: Adopt “N” factor equal to 4.
Proposal 3: For UEs with directional antennas operating in 4 GHz, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, T measure) for measurements across different beams.



Open issues summary
Sub-topic 4-1 Phase antenna array impact
Issue 4-1-1: Phase antenna array impact for L3 measurements
· Proposals
· 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. (CATT, Ericsson (assume digital beamforming), LGE, ZTE)
· Option 2: Introduce scaling factor. (CMCC, HW, Nokia)
· Option 2-1:  (CMCC)
· For FR1 ATG UE with phase array antenna, a scaling factor ‘N’ for serving cell measurement, intra-frequency neighbour cell measurement without MG and inter-frequency neighbour cell measurement without MG should be introduced,  N=2. The impacted requirements including:
· Cell re-selection for serving cell
· Cell re-selection for intra-frequency NR cell
· RRC re-establishment requirement
· RRC Connection Release with Redirection
· intra-frequency measurements without measurement gaps for ATG
· Inter frequency measurements without measurement gaps for ATG
· CSI-RS based intra-frequency measurements
· Option 2-2: To account for directional antenna for FR1 ATG UE, an Rx beam sweeping factor [2] applies in both intra- and inter-frequency measurement period. (HW)
· Option 2-3: Adopt “N” factor equal to 4. (Nokia)
· [bookmark: _Toc142674900]For UEs with directional antennas operating in 4 GHz, use a scaling factor for cell reselection requirements (Tdetect, Tevaluate, Tmeasure) for measurements across different beams.
· Recommended WF
· To be discussed

Issue 4-1-2: Phase antenna array impact for L1 and L3 measurements
· Proposals
· 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. (CATT, Ericsson (assume digital beamforming), LGE, ZTE)
· Option 2: Introduce scaling factor. (CMCC, HW, Nokia)
· Option 2-1: (CMCC)
· For FR1 ATG UE with phase array antenna, a 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
· Recommended WF
· To be discussed

Issue 4-1-3: Scaling factor between L1 and L3 measurements if introduced
· Proposals
· Option 1: P value for L1 serving cell measurement is defined as (CMCC)
· 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: (CMCC)
· 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.
· Recommended WF
· To be discussed after Issue 4-1-2 agreed.


Issue 4-1-4: Phase antenna array impact for scheduling restriction
· Proposals
· Option 1: Introduce scheduling restriction due to different Rx beam applies in FR1 (CATT, CMCC, HW, ZTE)
· Option 1-1: (CMCC)
· 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. 
· Recommended WF
· Check whether Option 1-1 can be agreed.

Sub-topic 4-2 Measurement requirement
Issue 4-2-1: Applicability rule
· Proposals
· Option 1: The measurement requirements for ATG neighbor cells should apply provided that SSB of neighbor cells are within SMTC window in Rel-18. (LGE)
· Recommended WF
· Check whether Option 1 can be agreed
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