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Topic #1: Anechoic Chamber (AC) test methodology
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218075
	Huawei Tech.(UK) Co.. Ltd
	Observation: phase values in TPMI 2-5 could result in different antenna efficiency, hence different TRP values.
Proposal: define TRP for one-lay UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5.

	R4-2218359
	Apple
	Proposal 1:
Define as  first priority TPMI 0 and 1 for non-coherent devices considering the linear combination of separately measurement of TPMI 0 + TPMI 1 results.
Proposal 2:
Define as second priority TPMI-based TRP measurement with two antennas transmitting simultaneously, considering a parallel study on the phase difference (and drift) impact on the TRP measurement uncertainty and reproducibility.
Proposal 3:
Conduct a data based study to define the impact of TPMI index selection on the measurement uncertainty and lab repeatability.
Proposal 4
Conduct a data driven study to determine the feasibility and impact of EIRP measurement based on TPMI dynamic selection.
Proposal 5:
UL MIMO capable devices needs to follow different TRP requirements for coherent and non-coherent implementations.
Proposal 6:
Define as second priority 2Tx TRP (general for TxD and TPMI based TRP) with two antennas transmitting simultaneously, considering a parallel study on the phase difference (and drift) impact on the TRP measurement uncertainty and reproducibility.

	R4-2218561
	Samsung
	Observation 1:	As long as UE does not reporting TxD capability, UE has to meet single Tx requirement regardless of its ULFPTx capability
Observation 2:	As long as UE reports ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability, UE has to meet single Tx requirement regardless of its TxD capability
Proposal 1:	ULFPTx mode 0 UE and ULFPTx mode2 mechanism 2 UE should not be included in scope.
Proposal 2:	the 2Tx scope for this WI should only include UE reporting TxD capability and not reporting ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability.
Proposal 3:	For the scope indicated in proposal 2, if TPMI-based method (if adopted) is applicable and available for that UE, TPMI-based method can be applied; otherwise, dedicated test method for TxD can be applied.
Proposal 4:	DFT-s-OFDM rather than CP-OFDM is selected for TRP test of NR 2Tx UEs
Observation 3:	the phase variation between two antenna ports are quite large for both non-coherent UEs and coherent UEs
Observation 4:	if dynamic TPMI selection is needed to get best TRP, actually it indicates that there is phase variation impact issue, otherwise TRP should be a constant value for all 2Tx TPMI
Proposal 5:	it is proposed to adopt sequential 1Tx test and then sum the TRPs.

	R4-2218846
	vivo
	Proposal 1: Selecting the same UL modulation parameter as 1Tx of each band in TR 38.834 Table 4.3.3-1 for single-layer UL MIMO TRP testing, i.e., DFT-s-OFDM QPSK.
Proposal 2: From minimum requirement perspective, in TS 38.161, if a UE support one full power PA, then UE is preferred to be tested with single antenna configuration, i.e., 1Tx with TAS OFF, to meet the PC2 TRP OTA requirement. 
Proposal 3: From test method development perspective, in TR 38.870, RAN4 should study 2Tx TRP test method for UE supporting 23+26 or 26+26 configuration.
Proposal 4: For a PC2 UE supporting Tx Diversity capability also has a full power PA, the TRP requirements should be tested under 1Tx case.
Proposal 5: Selecting one channel bandwidth per band for RedCap TRP and TRS tests. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1 RedCap UE Mid Test Channel bandwidth.
Proposal 6: RAN4 should decide whether high channel bandwidth should be adopted for RedCap at n28/n41/n77/n78/n79, i.e., 20MHz; 
Observation 1: WI Rapporteur has been working with CTIA Certification on detailed Text Proposals and licence agreement, and potentially a co-contributed document will be submitted. 
Observation 2: Some of watch-type devices in the market can just support 0.5h~2h TRP/TRS testing under maximum output power condition. 
Proposal 7: RAN4 needs to define a new measurement grid or new test configurations specifically for NR RedCap UE, addition MU compared to smartphone shall be allowed. 
Proposal 8: RAN4 should first discuss and decide a CA band combination selection rule.    

	R4-2218850
	vivo
	TP to TS 38.161 on supplement of basic AC test method
Not summarized

	R4-2219134
	Qualcomm Incorporated
	Proposal 1: RAN4 to only consider DFT-s-OFDM for TRP test of NR 2Tx UEs.
Prospoal 2: For the UE with at least one full power PA, it can be tested by eitehr 1Tx or 2Tx which depends on the UE’s declaration.
Proposal 3: RAN4 to focus on Mode-1 with TMPI index 2 as the baseline. The fixed TMPI should be considered to simplify the test procedure.
Proposal 4: For the UEs supporting both TxD and single-layer UL MIMO, only one case needs to be verified for TRP which can be based on the UE’s declaration.

	R4-2219684
	Xiaomi
	Observation 1: General UE MOP requirement uplink configuration only consider the DFT-s-OFDM with 0 MPR.
Observation 2: The ULFPTx of TS 38.521-1 has already specified the uplink configuration.
Proposal 1: To follow the uplink configuration of TS 38.521-1 sub-clause 6.2D.1.4.1.
Proposal 2: Not to consider the PA configuration for the scope.
Observation 3: The TPMI index is for MIMO logical antenna port and the mapping from logical antenna port to UE physical antenna port depends on UE implementation.

	R4-2219697
	OPPO
	Observation 1: The phase difference variation range has evident impact on the TRP value.
Proposal 1: It is proposed to further study the possible phase difference variation range in RAN4.
Observation 2: More standard deviation will naturally bring more measurement uncertainty.
Proposal 2: The MU contribution of 2Tx with different phase variation range should be considered.
Observation 3: Large constant step size is not fit for 2Tx TRP measurement.

	R4-2218845
	vivo
	Reserved for 3GPP TR 38.870 v0.1.0

	R4-2218849
	vivo
	LS to RAN5 on UE TxD for OTA testing

	R4-2219687
	Xiaomi
	Observation 1: how to maintain the TxD status during the test is not stated in RAN5 specification.
Observation 2: RAN4 has agreed to leave to RAN5 on how to keep the TX div status unchanged.
Proposal: Send an LS as attached to RAN5 to ask for the exact solution on how to keep the TxD status unchanged.



Open issues summary
Sub-topic 1-1 2Tx test method
Moderator: Given the TPMI index selection, 2Tx test procedure, and how to classify the UE supporting several features, are dependent on the general understanding of UE configuration and requirement applicability, the group should reach high-level consensus on Issue 1-1-1, 1-1-2 and 1-1-3  first. 

Issue 1-1-1: Power Class 1.5, general aspect for UL-MIMO and TxD UE capability 
Moderator: Just for information, in CTIA OTA October 25th, 2022 meeting OTA_2022_011, it was agreed that “the PC1.5 device shall be tested using two different, independent test procedures under Uplink Full Power Transmission (ULFPTx) Mode 1 and UE Maximum Output Power for Tx Diversity to measure the UE output power, and both TRP results shall be reported.”
· Proposals
· Option 1: For PC1.5 UE, UL-MIMO and TxD are mandated. The TRP test should be performed with 2Tx simultaneously. 
· Option 1a: Test the UE under both single-layer UL-MIMO and TxD mode.
· Option 1b: Only needs to test the UE under one mode, e.g. single-Layer UL-MIMO is the first priority or TxD as the first priority.
· Option 1c: For the UEs supporting both TxD and single-layer UL MIMO, only one case needs to be verified for TRP which can be based on the UE’s declaration. (Qualcomm)
· Recommended WF
· TBD
Issue 1-1-2: Power Class 2, general aspect for UL-MIMO and TxD UE capability 
Moderator: for PC2, we should consider UE with different architectures. Alignment with RF requirement applicability is preferred.
For RF core requirements in TS 38.101:
[image: cid:image004.png@01D8EABB.B282A540]

· Proposals
· Option 1: The 2Tx scope for this WI should only include UE reporting TxD capability and not reporting ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability (Samsung)
· ULFPTx mode 0 UE and ULFPTx mode2 mechanism 2 UE should not be included in 2Tx scope 
· if TPMI-based method (if adopted) is applicable and available for that UE, TPMI-based method can be applied; otherwise, dedicated test method for TxD can be applied. 
· Option 2: Different capability for test method and requirement: (vivo)
· From minimum requirement perspective, in TS 38.161, if a UE support one full power PA, then UE is preferred to be tested with single antenna configuration, i.e., 1Tx with TAS OFF, to meet the PC2 TRP OTA requirement. 
· From test method development perspective, in TR 38.870, RAN4 should study 2Tx TRP test method for UE supporting 23+26 or 26+26 configuration. 
· Option 3: For UE with 1 full-power PA, it can be tested by either 1Tx or 2Tx which depends on the UE’s declaration: (Qualcomm)
· Option 4: Not to consider the PA configuration for the scope. (Xiaomi)
· Recommended WF
· TBD

Issue 1-1-3: General testing procedure for 2Tx TRP test 
Moderator: In RAN4#104bis-e meeting, agreed in WF 
Issue 2-1-3: Basic assumption for TPMI-based TRP testing
Agreements:
· Proposal 1: TPMI-based TRP measurement (if adopted) can be performed with two antennas transmitting together as 1st priority. Phase impact should be studied.
· Proposal 2: Whether TPMI-based TRP measurement can be performed with individual antenna separately, is FFS.
Issue 2-1-4: Whether TPMI 0~1 should be considered for single-layer UL MIMO TRP testing
Agreements:
· Consider to not adopting TPMI indexes 0 and 1 individually, since these single port antenna schemes are less relevant to 2Tx TRP.
 
· Proposals
· Option 1: Stick to previous agreements that 2Tx TRP test should be performed with two antennas transmitting simultaneously as 1st priority. 
· Option 2: Overturn the original conclusion, by adopting a generally sequential test and sum the measurement results
· Option 2a: For non-coherent devices, linear combination of separately measurement of TPMI 0 + TPMI 1 results; Define as second priority 2Tx TRP (general for TxD and TPMI based TRP) with two antennas transmitting simultaneously. (Apple)
· Option 2b: Sequential 1Tx test and then sum the TRPs. [other details are not disclosed] (Samsung)
· Recommended WF
· Stick to previous agreements with 2Tx antenna active simultaneously for 2Tx testing 

Issue 1-1-4: UL modulation parameter for UL-MIMO and TxD TRP test 
Moderator: Similar approach as Rel-17, selecting 0-MPR modulation parameter and align with RF conducted test case (TS 38.521-1 sub-clause 6.2D.1.4.1) 
· Proposals
· Option 1: Adopt DFT-s-OFDM QPSK for 2Tx TRP testing, i.e., DFT-s-OFDM QPSK. (vivo, Samsung, Qualcomm, Xiaomi)
· Recommended WF

Issue 1-1-5: Proper TPMI-index for UL-MIMO TRP test 
· Proposals
· Option 1: Define TRP for one-lay UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5. (Huawei)
· Option 2: RAN4 to focus on Mode-1 with TMPI index 2 as the baseline. The fixed TMPI should be considered to simplify the test procedure. (Qualcomm)
· Recommended WF

Issue 1-1-6: Other aspects for UL-MIMO TRP test 
· Proposals
· Proposal 1: UL MIMO capable devices needs to follow different TRP requirements for coherent and non-coherent implementations. (Apple)
· Proposal 2: It is proposed to further study the possible phase difference variation range in RAN4. (OPPO)
· Proposal 3: Conduct a data based study to define the impact of TPMI index selection on the measurement uncertainty and lab repeatability. (Apple)
· Proposal 4: Conduct a data driven study to determine the feasibility and impact of EIRP measurement based on TPMI dynamic selection. (Apple)
· Recommended WF

Issue 1-1-7: Test method for TxD 
· Proposals
· Option 1: Send a LS to RAN5 on seeking more information on TxD configuration. (vivo, Xiaomi)
· Recommended WF
· Confirm the above proposal and review the LS in R4-2218849

Issue 1-1-8: other aspects for 2Tx 
· Proposals
· Option 1: The MU contribution of 2Tx with different phase variation range should be considered. (OPPO)
· Recommended WF
· TBA

Sub-topic 1-2 RedCap test method
Issue 1-2-1: Test parameters for each band of RedCap testing
· Proposals
· Proposal 1: Selecting one channel bandwidth per band for RedCap TRP and TRS tests. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1 RedCap UE Mid Test Channel bandwidth. (vivo)
· Proposal 2: RAN4 should decide whether high channel bandwidth should be adopted for RedCap at n28/n41/n77/n78/n79, i.e., 20MHz. (vivo)
· Recommended WF
· TBA

Issue 1-2-2: Other aspects for RedCap testing
· Proposals
· Option 1: RAN4 needs to define a new measurement grid or new test configurations specifically (e.g. lower UL power for TRS) for NR RedCap UE, addition MU compared to smartphone shall be allowed. (vivo)
· Recommended WF
· TBA

Sub-topic 1-3 CA test method
Issue 1-3-1: Band Combination 
· Proposals
· Option 1: RAN4 should first discuss and decide a CA band combination selection rule. (vivo)
· Recommended WF
· TBA

Topic #2: Reverberation Chamber (RC) test methodology
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218074
	Huawei Tech.(UK) Co.. Ltd
	Proposal 1: use isotropy definition (d) given in equation B.1 of [5] with a pass/fail limit of 3dB for frequencies between 0.4 GHz and 6 GHz.
Observation: TRP and TRS measurement available in open literature indicate that 100 independent samples can achieve 0.5dB standard deviation in TRP and TRS and increase beyond 100 samples may not improve performance significantly. 
Proposal 2: coherence bandwidth of RC is defined as the frequency range corresponding to a value of 0.5 in frequency autocorrelation, e.g. given by equation 2 in [11].
Proposal 3: harmonization between RC and AC is for a given coherence bandwidth of RC range. The range of coherence bandwidth is [TBD].
Proposal 4: coherence bandwidth of RC should meet or exceed signal bandwidth.

	R4-2218727
	Bluetest AB
	Observation 1:	5G measurements of TRP and TIS typically converge faster than they do on older standards 2G-4G. The reason is the wider bandwidths cover more coherence bandwidths of the chamber. 
Observation 2:	Isotropy is a characteristic of chamber implementation, but is only valid over a distribution of stirring samples. 
Observation 3:	Test zone in a reverberation chamber is defined by the region where independent samples can be taken and where practical isotropic conditions apply. 
Observation 4:	Measurement uncertainty at 100 samples is inside many of the total measurement system factors and the wide channel bandwidths of NR improve this. 
Proposal 1:		For TRS testing a minimum of 100 samples is recommended. 
Proposal 2:		For TRP testing with narrow bandwidths, a minimum of 200 samples is recommend to allow even tighter measurement uncertainty budgets. 
Proposal 3:		Test zone definition must maintain ½ wavelength from conducted surfaces of the chamber. 

	R4-2218809
	Bluetest AB
	Observation 1:	In TRP measurements we found no significant change in TRP value with different amount of absorber.
Observation 2:	In TRS measurements we saw a small trend with increasing loading. It was nevertheless not worse than approximately 0.5 dB. 
Proposal 1:	No minimum absorber requirement for TRP measurements.
Proposal 2:		For TRS measurements using absorbers to target a minimum RMS delay spread of 90ns is recommended. 

	R4-2218847
	vivo
	Proposal 1: Reuse 100 samples for below 3GHz bands, for higher frequency, FFS. 
Proposal 2: The minimum distance for device placement in the RC where the fields are indeed statistically uniform should be >0.5 λ.
Proposal 3: RF absorber-based loading approach can be used in the RC system to ensure the required coherence bandwidth. RAN4 should decide the minimum coherence bandwidth for FR1 bands.
Proposal 4: RAN4 should define detailed procedure for measurement and calculation of chamber Coherence Bandwidth.
[bookmark: _Hlk118980472]Proposal 5: UE TAS OFF configuration should not be verified in RC based test system. RAN4 do not need to take further efforts on this topic.

	R4-2219602
	OPPO
	Proposal 1: It is proposed to focus on the aspects where differences existed between NR FR1 and LTE.
Proposal 2: The minimum distance for device placement is 0.366 meters for electromagnetic reflective objects and 0.512 meters for absorbing objects in reverberation chamber.
Proposal 3: It is proposed to define the approach in this work item before studying the impact on broadening the coherence bandwidth of the chamber.
[bookmark: _Hlk118980436]Proposal 4: For Reverberation Chamber test method, it is beneficial to provide the verification method for UE TAS OFF, but not mandatory.
Proposal 5: Considering the RedCap harmonization between AC and RC is not in the scope of work plan, it is proposed to deprioritize the study of forearm phantom applicability

	R4-2219685
	Xiaomi
	Proposal 1: Use 100 samples for IC isotrophy.
Observation 1: Fast SAR scan is used as an optional verification for TAS OFF on UE in Rel-17 timeline.
Proposal 2: Not to define verification method of TAS OFF on UE inside the RC.
Observation 2: With calibration, the test result of reverberation based test method is still the absolute TRP/TRS.
Proposal 2: To use the absolute TRP/TRS as figure of merit for the performance harmonization.
Proposal 3: Use TT values of FR1 TRP TRS, which is 1.1dB for TRP and 1.4dB for TRS as the pass/fail limit of the RC harmonization.

	R4-2219883
	CAICT, SAICT
	Observation 1: The target of harmonization between AC and RC is to confirm whether the RC based test method is harmonized with the reference AC method, rather than declare a single or partial RC labs are harmonized with AC labs.
Proposal 1: Alignment among labs for RC method, and harmonization between RC and AC can be performed in a single activity, but the analysis of measurement results should be carried out separately. The outcome of RC harmonization activity should remain inconclusive until the RC lab alignment activities are completed.
Observation 2: The pass/fail limits of AC lab alignment are defined based on the system measurement uncertainty, i.e., [0.5*MU~0.75*MU]. 
Observation 3: Rel-18 harmonization activities use the same values as the pass/fail limits of Rel-17 AC lab alignment as the starting point.
Observation 4: The pass/fail limits of Rel-18 RC lab alignment should be defined.
Proposal 2: The pass/fail limits of RC lab alignment should be defined as:
	Option 1: [0.5*MU~0.75*MU]
	Option 2: 1.2dB for TRP and 1.5dB for TRS (the same as AC lab alignment) as the starting point.
Proposal 3: For browsing mode, the RC harmonization activity with AC should align the measurement results under HL and HR conditions respectively to ensure that RC method is harmonized with the reference AC method. 
Proposal 4: For talking mode, the RC harmonization activity with AC should align the measurement results under BHHL and BHHR conditions respectively to ensure that RC method is harmonized with the reference AC method. 
Proposal 5: Only middle channel is required for harmonization measurement to reduce complexity and saving time.



Open issues summary
Sub-topic 2-1 Rationale aspects for RC
Issue 2-1-1: Isotropy definition for RC system
· Proposals
· Proposal 1: Use isotropy definition (d) given in equation B.1 of [5] with a pass/fail limit of 3dB for frequencies between 0.4 GHz and 6 GHz. (Huawei)
· Proposal 2: Test zone definition must maintain ½ wavelength from conducted surfaces of the chamber. (Bluetest)
· Recommended WF
· TBA

Issue 2-1-2: Coherence bandwidth of RC 
· Proposals
· Proposal 1: Coherence bandwidth of RC is defined as the frequency range corresponding to a value of 0.5 in frequency autocorrelation, e.g. given by equation 2 in [11]. (Huawei)
· Proposal 2: Coherence bandwidth of RC should meet or exceed signal bandwidth. (Huawei)
· Proposal 3: RAN4 should decide the minimum coherence bandwidth for FR1 bands. (vivo)
· Recommended WF
· TBA

Issue 2-1-3: Verification procedure for Coherence bandwidth of RC 
· Proposals
· Proposal 1: RAN4 should define detailed procedure for measurement and calculation of chamber Coherence Bandwidth. (vivo)
· Proposal 2: It is proposed to define the approach in this work item before studying the impact on broadening the coherence bandwidth of the chamber. (OPPO)
· Recommended WF
· TBA

Issue 2-1-4: Absorber-based loading approach to broaden/ensure required Coherence bandwidth
· Proposals
· Proposal 1: RF absorber-based loading approach can be used in the RC system to ensure the required coherence bandwidth. (vivo)
· Proposal 2: Adopt different approaches for TRP and TRS testing (Bluetest)
· For TRP measurements, no minimum absorber requirement.
· For TRS measurements using absorbers to target a minimum RMS delay spread of 90ns is recommended.
· Recommended WF
· TBA

Sub-topic 2-2 Settings and Test procedure for RC
Issue 2-2-1: Minimum Number of samples for RC test
· Proposals
· Option 1: Generally, reuse 100 samples for both TRP and TRS
· Option 1a:  100 samples for full FR1 range. (Xiaomi)
· Option 1a:  100 samples for below 3GHz bands, for higher frequency, FFS. (vivo)
· Option 2: Different number of samples for TRP and TRS, 100 for TRS and 200 for TRP (TRP with narrow bandwidths). (Bluetest)
· Recommended WF
· TBA

Issue 2-2-2: The minimum distance for device placement in the Chamber
· Proposals
· Option 1: The minimum distance for device placement in the RC where the fields are indeed statistically uniform should be >0.5 λ. (vivo)
· Option 2: The minimum distance for device placement is 0.366 meters for electromagnetic reflective objects and 0.512 meters for absorbing objects in reverberation chamber. (OPPO)
· Recommended WF
· TBA
Issue 2-2-3: UE TAS OFF verification procedure in RC
· Proposals
· Option 1: UE TAS OFF configuration should not be verified in RC based test system. RAN4 do not need to take further efforts on this topic. (vivo, Xiaomi)
· Option 2: For Reverberation Chamber test method, it is beneficial to provide the verification method for UE TAS OFF, but not mandatory. (OPPO)
· Recommended WF
· TBA
Sub-topic 2-3 Harmonization activity for RC
Issue 2-3-1: Framework for RC harmonization 
Moderator: before making decision on harmonization procedure and pass/fail limits, RAN4 should make progress on RC test method and MU first.
· Proposals
· Proposal 1: Harmonization between RC and AC is for a given coherence bandwidth of RC range. The range of coherence bandwidth is [TBD]. (Huawei)
· Proposal 2: Considering the RedCap harmonization between AC and RC is not in the scope of work plan, it is proposed to deprioritize the study of forearm phantom applicability. (OPPO)
· Proposal 3: To use the absolute TRP/TRS as figure of merit for the performance harmonization. (Xiaomi)
· Proposal 4: Use TT values of FR1 TRP TRS, which is 1.1dB for TRP and 1.4dB for TRS as the pass/fail limit of the RC harmonization. (Xiaomi)
· Proposal 5: Alignment among labs for RC method, and harmonization between RC and AC can be performed in a single activity, but the analysis of measurement results should be carried out separately. The outcome of RC harmonization activity should remain inconclusive until the RC lab alignment activities are completed. (CAICT)
· Proposal 6: The pass/fail limits of RC lab alignment should be defined as: (CAICT)
· 	Option 1: [0.5*MU~0.75*MU]
· 	Option 2: 1.2dB for TRP and 1.5dB for TRS (the same as AC lab alignment) as the starting point.
· Proposal 7: For browsing mode, the RC harmonization activity with AC should align the measurement results under HL and HR conditions respectively to ensure that RC method is harmonized with the reference AC method. (CAICT)
· Proposal 8: For talking mode, the RC harmonization activity with AC should align the measurement results under BHHL and BHHR conditions respectively to ensure that RC method is harmonized with the reference AC method. (CAICT)
· Proposal 9: Only middle channel is required for harmonization measurement to reduce complexity and saving time. (CAICT)
· Recommended WF
· TBA
Topic #3: Testing time reduction solutions
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218076
	Chosun University, RRA
	Observation 1:	The MPAC with NTFT and switch matrix can reduce TRP testing time by 70% compared with that of CATR. 
Observation 2:	The MPAC with multi-receivers can reduce TRP testing time by 95% compared with that of CATR. 
Proposal 1:		RAN4 can further discuss the merit of MPAC with switch matrix and NTFT in order to reduce TRP time by 70% compared with that of CATR. 
Proposal 2:		RAN4 can further discuss the merit of MPAC with multi-receivers and NTFT in order to reduce TRP time by 95% compared with that of CATR. 

	R4-2218702
	RRA, Chosun University
	Not available

	R4-2218724
	RRA, Chosun University
	Similar observations and same conclusions as R4-2218076
Observation 1:	The MPAC with switch matrix based on NTFT can reduce TRP testing time by 70% compared with that of CATR. 
Observation 2:	The MPAC with multi-receivers based on NTFT can reduce TRP testing time by 95% compared with that of CATR. 
Proposal 1:		RAN4 can further discuss the merit of MPAC with switch matrix and NTFT in order to reduce TRP time by 70% compared with that of CATR. 
Proposal 2:		RAN4 can further discuss the merit of MPAC with multi-receivers and NTFT in order to reduce TRP time by 95% compared with that of CATR. 

	R4-2218848
	vivo
	Proposal 1: Adopt the antenna patterns shared in this contribution for measurement grid analysis.

	R4-2219850
	Keysight Technologies UK Ltd, vivo
	Observation 1: For very coarse measurement grids, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature
Observation 2: A significant reduction of TRP/TRS grid points is possible with a small increase in MU.
Proposal 1: Feedback from OEMs is requested whether the n78 patterns analysed here and presented in [2] are representative for UEs in scope of this WI [5] for 3-5 GHz and maybe even above 3 GHz.
Proposal 2: Consider the pattern shapes presented in this contribution representative for UEs in scope of this WI [5] between 3 GHz and 5 GHz.
Proposal 3: For the coarse measurement grids utilizing 62 grid points or less, consider only the Clenshaw-Curtis quadrature.
Proposal 4: Adopt the proposed constant-step size grids for TRP/TRS and additional MUs summarized in Table 3 for handheld UEs, first priority of [5].


[bookmark: _GoBack]Open issues summary
Sub-topic 3-1 Measurement grid reduction for AC method
Issue 3-1-1: Antenna pattern for measurement grid analysis
· Proposals
· Option 1: Adopt the antenna patterns shared in R4-2218848 for measurement grid analysis. (vivo)
· Recommended WF
· Confirm Option 1

Issue 3-1-2: Frequency division for FR1 
· Proposals
· Option 1: Separate FR1 into Two sub-ranges for measurement grid and related MU discussion, i.e., f<3GHz and f>3GHz. (Moderator)
· Option 2: Separate FR1 into Three sub-ranges for measurement grid and related MU discussion, i.e., f<3GHz, 3GHz<f<5GHz, and 5GHz<f. (Moderator)
· Option 3: Single FR1 range for measurement grid and related MU discussion, same as current MU assessment in TR 38.834. (Moderator)
· Recommended WF
· TBD

Issue 3-1-3:  Representative antenna pattern and derived measurement grid 
· Proposals
· Proposal 1: Feedback from OEMs is requested whether the n78 patterns analysed here and presented in [2] are representative for UEs in scope of this WI [5] for 3-5 GHz and maybe even above 3 GHz. (Keysight)
· Proposal 2: Consider the pattern shapes presented in this contribution representative for UEs in scope of this WI [5] between 3 GHz and 5 GHz. (Keysight)
· Proposal 3: For the coarse measurement grids utilizing 62 grid points or less, consider only the Clenshaw-Curtis quadrature. (Keysight)
· Proposal 4: Adopt the proposed constant-step size grids for TRP/TRS and additional MUs summarized in Table 3 below for handheld UEs, first priority of [5]. (Keysight)
· [bookmark: _Ref114131785]Table 3: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Frequency Range
	Test Metric
	Quadrature
	 [°]
	Min. Number of Grid Points
	Additional MU [dB]
	Fraction of Test Points 

	<3 GHz [1]
	TRP
	Clenshaw-Curtis
	30
	62
	0.00
	62/266 ~ 1/4.3

	
	TRS
	Clenshaw-Curtis
	45
	26
	0.08
	26/62 ~ 1/2.4 

	3 GHz – 5 GHz
	TRP (Note 1)
	Sin(theta)/ Clenshaw-Curtis
	15
	266
	0.00
	266/266 ~ 1

	
	TRP
	Clenshaw-Curtis
	30
	62
	0.07
	62/266 ~ 1/4.3

	
	TRS (Note 1)
	Clenshaw-Curtis
	30
	62
	0.07
	62/62 ~ 1

	
	TRS
	Clenshaw-Curtis
	45
	26
	0.21
	26/62 ~ 1/2.4 

	>5 GHz
	TRP
	FFS
	FFS
	FFS
	FFS
	FFS

	
	TRS
	FFS
	FFS
	FFS
	FFS
	FFS

	Note 1: The legacy grids are included here in case the increase in MU for the coarser grids cannot be supported. 



· Recommended WF
· TBD

Sub-topic 3-2 Other Test Time reduction solutions
Issue 3-2-1: Other TRP and TRS testing time reduction solutions
· Proposals
· Proposal 1: RAN4 can further discuss the merit of MPAC with switch matrix and NTFT in order to reduce TRP time by 70% compared with that of CATR. (RRA, Chosun University)
· Proposal 2: RAN4 can further discuss the merit of MPAC with multi-receivers and NTFT in order to reduce TRP time by 95% compared with that of CATR. (RRA, Chosun University)
· Recommended WF
· TBA

Topic #4: Rel-17 MIMO OTA, TRP TRS maintenance
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218108
	Apple
	Observation 1:	Disclosing the number of models tested by the labs is not feasible to implement, since it would require the disclosure of exact device model lists tested in each lab.
Observation 2:	It is feasible for the neutral party to summarize the number of vendors per lab, without disclosing the vendor names, in a report to 3GPP.
Observation 3:	It is feasible for the neutral party to summarize the percentage of tested devices per vendor, without disclosing the device model and vendor names, in a report to 3GPP.  Only the complete list to be shared publicly (no per lab list or information).
Observation 4:	It is feasible for the neutral party to summarize the percentage of models per production year, without disclosing the device model and vendor names, in a report to 3GPP.  Only the complete list to be shared publicly (no per lab list or information).
Observation 5:	Power class information is already provided in the lab reports as part of the performance requirement framework, and it is not necessary to additionally collect this information via the neutral party.
Proposal 1:	RAN4 should identify the neutral observer for the collection of additional device pool information and should also define the observer’s roles and responsibilities.
[bookmark: _Hlk118975235]Proposal 2:	It is proposed to take Observations 1 through 5 into account as RAN4 discusses the feasibility of providing additional device information from the TRP TRS and MIMO OTA performance measurement campaigns.

	R4-2218841
	vivo
	Observation 1: After RAN-level discussions, it is common understanding that RAN task is not to revisit the agreed Rel-17 “anonymous approach” in RAN4, but for discussing which additional information can be shared to provide more information of the Rel-17 measurement data pool to the OTA industry, and this action will not impact the defined minimum requirements for TRP and TRS in Rel-17.
Proposal 1: RAN4 can further collect information of percentage of models per production year.
Proposal 2: RAN4 should further clarify the benefits of collecting number of vendors and how to treat this information if collected.

	R4-2218842
	vivo
	CR, not summarized

	R4-2218843
	vivo
	CR, not summarized


Open issues summary
Sub-topic 4-1 UE information collcetion activity for Rel-17 TRP TRS
Issue 4-1-1: How to manage the activity
· Proposals
· Option 1: RAN4 should identify the neutral observer for the collection of additional device pool information and should also define the observer’s roles and responsibilities. (Apple)
· Option 2: others
· Recommended WF
· Whether neutral observer is needed depends on which information will be shared in Issue 4-1-2

Issue 4-1-2: Which UE information can be shared
· Proposals
· Option 1: RAN4 can further collect information of percentage of models per production year. RAN4 should further clarify the benefits of collecting number of vendors and how to treat this information if collected. (vivo)
· Option 2: Take the following observations 1 through 5 into account as RAN4 discusses the feasibility of providing additional device information from the TRP TRS and MIMO OTA performance measurement campaigns. (Apple)
· Observation 1:	Disclosing the number of models tested by the labs is not feasible to implement, since it would require the disclosure of exact device model lists tested in each lab.
· Observation 2:	It is feasible for the neutral party to summarize the number of vendors per lab, without disclosing the vendor names, in a report to 3GPP.
· Observation 3:	It is feasible for the neutral party to summarize the percentage of tested devices per vendor, without disclosing the device model and vendor names, in a report to 3GPP.  Only the complete list to be shared publicly (no per lab list or information).
· Observation 4:	It is feasible for the neutral party to summarize the percentage of models per production year, without disclosing the device model and vendor names, in a report to 3GPP.  Only the complete list to be shared publicly (no per lab list or information).
· Observation 5:	Power class information is already provided in the lab reports as part of the performance requirement framework, and it is not necessary to additionally collect this information via the neutral party.
· Recommended WF
· TBD
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