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Introduction
This summary covers the discussions for Rel-18 FR1 TRP TRS WI.
Topic #1: Test methodology related issues
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404141
	Keysight Technologies UK Ltd, vivo
	Observation 1: The WRP metric is generally larger than TRP
Observation 2: The difference between WRP and TRP is generally larger for higher directivity patterns (up to several dBs).
Observation 3: For coherent UEs, test time for Options 1b/c with 2 TPMIs is ~70% (3-ch) compared to the Options with 4 TPMIs.
Observation 4: Averaging, used in Option 1, has been used for OTA metrics in the past as summarized in [22][23]
Observation 5: The TRP integrands using max EIRP operation (Option 2a) or special weighting approaches (Options 3 and 4) have not been used in other OTA metrics.
Observation 6: None of the Options 1 through 4 resemble the traditional TRP approach for regulatory testing as they all, more or less, take more than just the total component into account in the integrand.
Observation 7: For Option 1, the mean offset and standard deviations are generally very small with amplitude variations of up to 4dB and a maximum relative phase errors of 40°.
Observation 8: For Option 2a, the mean offset exceeds 2dB with some variability for different patterns while the standard deviations are insignificant with amplitude variations of up to 4dB and a maximum relative phase errors of 40°.
Observation 9: For Option 1, the mean offset are generally very small while the standard deviation is small (~0.13 dB for Option 1a, ~0.20dB for Options 1b/c) with amplitude variations of up to 4dB and the maximum relative phase errors of 360°.
Observation 10: For Option 2a, the mean offset exceeds 2dB with some variability for different patterns while the standard deviations are small (~0.08dB) with amplitude variations of up to 4dB and the maximum relative phase errors of 360°.
Observation 11: The choice of just two TPMIs, e.g., TPMI2&3 or TPMI4&5, seems sufficient for Option 1, i.e., Option 1b or Option 1c.
Observation 12: The standard deviation for all Options (other than Option 2b) is insignificant with amplitude variations of up to 4dB and the maximum relative phase errors of 40°.
Observation 13: The mean offset for Option 3 is >0 dB with some variability up to 1.5 dB for different patterns.
Observation 14: The mean offset for Option 4 is generally >0 dB with some variability up to 2 dB for different patterns especially for Options 4b and c.
Observation 15: Option 1 does not necessarily impose new OEM antenna design requirements to optimize Option 1 metric
Observation 16: The observed ~2 dB variations in offsets of the SIME metric from ∑(TRPTPMI0, TRPTPMI1) seem to indicate that certain antenna design guidelines need to be taken into account to maximize the SIME offset, i.e., optimize the Option 2 single-layer UL MIMO metric.
Observation 17: Antennas designed to optimize DL MIMO OTA performance yield worse Option 2 single-layer UL MIMO power offsets when compared to antennas with poor DL MIMO OTA performance.
Observation 18: Even stricter antenna design requirements might be necessary if Option 2 is adopted
Observation 19: The option 3 metric is maximized for highly directive antennas.
Observation 20: Option 2 introduces some realism in terms of utilizing the optimal TPMI but the mechanisms to select the optimal TPMI are different between field and lab.
Observation 21: OTA metrics and test procedures have been focusing on qualifying and quantifying the overall, average end-to-end performance of DUT using accurate and repeatable test conditions without necessarily taking realism into account
Observation 22: Options 2c, 4b, and 4c might require finer measurement grids than the other options.
Proposal 1: For coherent UEs, the max 40° relative phase variation is applicable as the UL power measurements are typically performed over the 1 ms period
Proposal 2: As a compromise and for sake of progress, consider TRP metric based on Option 1 and the spherical coverage metric/CDF based on Option 2 to take the realism of this option into account.
Proposal 3: Take the summary of Table 7 into account when downselecting single-layer UL MIMO options for coherent UEs.

	R4-2404197
	Apple, ETS-Lindgren, MVG, T-Mobile USA, Vodafone
	Criterion #1 related:
Observation 1: 		The anechoic chamber stabilization time is the dominant factor on TRP test time. 
Observation 2: 	Switching between TPMI Indices while the chamber is stable is the more efficient implementation of the swept TPMI test method, rather than repeating complete TRP tests for each TPMI index.
Observation 3: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
Observation 4: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded.
Criterion #4 related:
Observation 5: 	The options that consider the complete dataset based on all available TPMI indices and full spherical scanning fulfil the basic statistical properties requirements. Averaging across TPMI (Option 1), reduced number of TPMI indices (Option 1b), or arbitrarily weighting on the radiation pattern (Options 3 and 4) can fail to fulfil sufficiency, unbiasedness, and resistance properties of statistical data. 
Criterion #6 related:
Observation 6: 	Real environmental conditions are anisotropic; the UE antenna design and OTA test environment shall be capable to validate radiated performance in such conditions. Option 2 is the only option capable to provide a UE radiated performance assessment on anisotropic conditions with OTA testing in an isotropic environment.
Criterion #7 related:
Observation 7: 	The network deployment of UL MIMO based on the UE feedback and selection of optimal TPMI index is fully specified by 3GPP, therefore, does not require further updates to conform with OTA test methodology based on the same principle.
Criterion #8 related:
Observation 8: 	Based on measurement and simulation results submitted in [3-9], there is clear evidence that for different DUT orientations different TPMI indices maximize the EIRP radiated in the direction under test.  A radiated test metric which validates the UE’s ability to select the TPMI configured by the network and to maximize the output power for each configured TPMI is an essential test for the UL MIMO feature.
Observation 9: 	The radiated test metrics proposed in Options 1a/1b/3/4, which rely on averaging radiated power across TPMI indices, do not have a physical link to real field performance, since the scope of the single-layer UL MIMO feature does not involve transmission with multiple TPMIs. This was further highlighted by operator comments during the RAN4 #110 ad-hoc discussion on Issue 1-1-1, “TIM/VDF: Max EiRP present more close to real scenario”.
Criterion #1, Proposal #1:
	The dominant test time factor is related to AC stabilization time, the test time difference between Option 1b (2x TPMI indices) and Options testing 4 TPMI indices is not a decisive criterion.
Criterion #2, Proposal #2:
	For coherent UL MIMO devices, RAN4 should select Options where the performance metric is based on current definitions of Total Radiated Power (TRP) and without radiation pattern weighting.
Criterion #3, Proposal #3:
	Option 2 is the only metric appropriate for regulatory requirement. Further discussions on implications related to regulatory requirements are needed. 
Criterion #4, Proposal #4:
	For coherent UL MIMO devices, RAN4 should select Option 2 where the performance metric is based on complete 4 TPMI indices datasets, without averaging or radiation pattern radiation pattern weighting. 
Criterion #5, Proposal #5:
	For consultation related to coherent UL MIMO performance metric acceptance and alignment across SDOs, RAN4 should request such information officially adopting 3GPP mechanisms in place.
Criterion #6, Proposal #6:
	Option 2 is the only Option capable to provide a UE radiated performance, validating the antenna system design based on real anisotropic channel conditions. Additionally, the Option 1b (x2 TPMI indices) is not aligned with RAN 1 specification because x4 TPMI indices are required by specification.
Criterion #7, Proposal #7:
	Option 2 is the only Option capable to evaluate a UE radiated performance, in conformance with real UL MIMO network deployment.
Criterion #8, Proposal #8:
	For coherent UL MIMO devices, RAN4 shall select Option 2 as the metric for radiated output power.

	R4-2404595
	Samsung
	Observation 1:	Option 3 and Option 4 with artificial weighting factor in TRP processing are lack of theoretical support and physical meaning
Proposal 1:	RAN4 to down-select the TRP metric for coherent UL MIMO between Option 1 and Option 2 based on the criteria agreed in last meeting.
Observation 2:	For Option 1 (averaging TRPs), the UE declared TPMI index for TRP averaging should be either {TPMI2, TPMI3} or {TPMI4, TPMI5}
Observation 3:	For Option 2 (Max EIRPs), best TPMI should be found from all available 2-port TPMIs, i.e. {TPMI0, TPMI1, TPMI2, TPMI3, TPMI4, TPMI5}, for each test direction
Observation 4:	For Option 2 (Max EIRPs), the antenna design target may conflicts between DL MIMO TRMS and UL MIMO TRP in antenna correlation perspective, thus Option 2 may not be appropriate for specifying a separate minimum requirement.
Proposal 2:	Option 1 (averaging TRPs) is more practical in Rel-18, and Option 1 can be further simplified to Option 1b (2 TPMI) only.
Proposal 3:	RAN4 to confirm that the coarser measurement grids for TRP in Table 5.1.1-1 of TR38.870 are applicable for coherent UL MIMO.

	R4-2404647
	vivo, CAICT, CMCC, China Telecom, China Unicom, Huawei, HiSilcon, Xiaomi, OPPO, MediaTek, Google
	Proposal 1: Select option 1 (averaging TRPs) as baseline performance metric for coherent UL MIMO. Option 1b (2 TPMI index) is sufficient.


	R4-2405170
	OPPO
	Proposal: Adopt Option 1b as the reference/baseline metric for coherent UL MIMO UE supporting TPMI index 2-5.

	R4-2405872
	ROHDE & SCHWARZ
	Observation 1: Single-layer UL-MIMO TRP methodology cannot be based on TPMI selection based on SRS.
Observation 2: the communication tester cannot configure the TPMI change as a response to the received SRS.
[bookmark: _Hlk163748128] Proposal 1: chipset and UE vendors must confirm if the UE resets phase between the two transmitting ports every time a TPMI is received (i.e. with every DCI received over PDCCH) in case the index does not change from last value (i.e. same TPMI on consecutive DCI).
Proposal 2: if proposal 1 cannot be confirmed, only Case B shall be considered for the phase variation error analysis (i.e. relative phase between two antennas is a random variable [0, 360] degrees).

	R4-2404171
	Apple
	Not available

	R4-2404196
	Apple
	Draft CR to TR38.870 on UL MIMO radiated output power metric

	R4-2405500
	Huawei, HiSilicon
	CR to TR 38.870 to add CA combinations to section 4.3.5 and editorial corrections


Open issues summary
Sub-topic 1-1 Single-layer UL-MIMO TRP test method
[bookmark: _Hlk163747350]Moderator: background information
· In WF R4-2402875, it was agreed that RAN4 shall make decision on performance metric for coherent UL-MIMO in this meeting. 
· [bookmark: _Hlk163747186]Option 1 (averaging TRPTPMIx), TRPavg_TPMI: Option 1a averaging 4 TPMIs TRPs, Option 1b averaging 2 TPMIs TRPs
· Option 2 (Max EIRPTPMIx), TRPmax_EIRP_TPMI
· Option 3 (averaging Weighted Radiated Powers) with 4 TPMIs, FFS naming
· Averaging of 4 partial TRPs
· Option 4 (weighted averaging TRPsTPMIx), TRPweighted_avg_TPMI
Agreements:
RAN4 will consider above options and make decisions on a reference/baseline metric next meeting based on majority view. 
The following comparison criteria should be considered for making decisions next meeting.
	#
	Criteria

	1
	Testing time (calculated based on R4-2311672), considering multiple AC stabilization times

	2
	Performance metric consistency

	3
	Regulatory impacts

	4
	Statistical properties

	5
	Alignment with Other SDOs

	6
	OEM antenna design 

	7
	Operator network deployment

	8
	Representative of the operation in the field （Realism）




Issue 1-1-1: Performance metric for Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1 (averaging TRPTPMIx), TRPavg_TPMI: Option 1a averaging 4 TPMIs TRPs, Option 1b averaging 2 TPMIs TRPs. [vivo, CAICT, CMCC, China Telecom, China Unicom, Huawei, HiSilcon, Xiaomi, OPPO, MediaTek, Google, Samsung]
· Option 2 (Max EIRPTPMIx), TRPmax_EIRP_TPMI [Apple, ETS-Lindgren, MVG, T-Mobile USA, Vodafone]
· Option 3 (averaging Weighted Radiated Powers) with 4 TPMIs, FFS naming
· Averaging of 4 partial TRPs
· Option 4 (weighted averaging TRPsTPMIx), TRPweighted_avg_TPMI
· Recommended WF
· Selecting Option 1 as baseline performance criteria for coherent UL MIMO 


 
Moderator: several companies share views, the comments for each comparison criteria summarized in paper R4-2404647, R4-2404141, and R4-2404197 are listed for information: 
[bookmark: _Ref149056244]Table 1 in R4-2404647: Performance metric selection based on comparison criteria
	Comparison criteria
	Option 1b with 2 TPMI index
TRPavg_TPMI
	Option 2-1 (idealism)
TRPmax_EIRP_TPMI
	Option 2-2 (Worst case)
TRPmin_EIRP_TPMI
	Option 4 with equal weighting 
[bookmark: _Hlk163458605]TRPequal_weighted_avg_TPMI

	Testing time (calculated based on R4-2311672), considering multiple AC stabilization times
	Lowest (2 TPMI)
~50 to 70% of Options with 4 TPMI
(Note: 50% assume separate full-TRP measurement for each TPMI index)
	Highest (4 TPMI)

	Highest (4 TPMI)
Same as Option 1b, if two TPMI index case

	Performance metric consistency
	Averaging, widely used in OTA industry
Aligned with other 2Tx test cases (non-coherent UL MIMO and TxD TRP) defined in TR 38.870
Aligned with 1Tx test cases, the advantages of single-layer UL MIMO performance can be estimated.
	TRP using max EIRP at each point, never been used for OTA 
not comparable with 1Tx and other 2Tx test cases
	Same as Option 1

	Regulatory impacts
	Aligned with FR1 regulatory radiated power measurement, e.g., 
CTA (NAL), EU CE
	Not aligned with any regulatory radiated power measurement
	Same as Option 1

	Statistical properties
	The averaged performance is close to the statistical performance of UE at a typical case in the field
Well present the “Nearly equal TPMI index probability”
	Can not present the correct TPMI index probability
	Same as Option 1

	
	
	Ideal gNB algorithm for TPMI index indication ONLY targeting Max power at each point
	Worst case of gNB algorithm for TPMI index indication targeting Min power at each point
	

	Alignment with Other SDOs
	Averaging, widely used in other OTA SDOs, e.g., 
CCSA, CTIA, ETSI
	New metric, not adopted in any SDO
	Same as Option 1

	OEM antenna design 
	Antenna design to meet typical performance  
	Antenna design assumes a perfect gNB indication
	Antenna design assumes a worst gNB indication
	Same as Option 1

	Operator network deployment
	Follow the similar approach on taking traditional UE TRP OTA performance into consideration, when consider network deployment 
Traditional TRP OTA is 1Tx
	Performance of ideal case, can not be used for real network deployment
	Performance of worst case, can not provide guidance ono real network deployment
	Same as Option 1

	Representative of the operation in the field (Realism)
	Present typically/statistically UE operation in the field
	Idealism, not presenting real filed
	Worst case, not presenting real filed
	Same as Option 1

	
	Note: in the field, the TPMI index indication is SRS-based, and also is gNB implementation, different gNB has different algorithm/mechanism. 



[bookmark: _Ref162958880]Table 7 in R4-2404141: Observations and Findings for Options 1 through 4
	
	Option 1a
	Option 1b/c
	Option 2a
	Option 3
	Option 4a
	Option 4b/c

	Test Time
	Highest (4 TPMI)
	Lowest (2 TPMI)
~70% of Options with 4 TPMI
	Highest (4 TPMI)
	Highest (4 TPMI)
	Highest (4 TPMI)
	Highest (4 TPMI)

	Performance metric consistency
	Averaging, used in Option 1, has been used for OTA metrics in the past
	The TRP integrands using max EIRP operation (Option 2a) or special weighting approaches (Options 3 and 4) have not been used in other OTA metrics

	Regulatory Impact
	None of the Options 1 through 4 resemble the traditional TRP approach for regulatory testing as they all, more or less, take more than just the total component into account in the integrand

	Statistical: TRP Impact/Mean Error (40° phase variation)
	Mostly ~0 dB (up to 0.3 dB)
	0 – 2.8 dB
	0.1 dB – 1.5 dB
	0 – 0.7 dB
	0 – 2 dB

	Statistical: Standard Deviation (40° phase variation)
	The standard deviation for all options is insignificant

	Alignment with other SDOs
	Averaging, used in Option 1, has been used for OTA metrics in the past
	The TRP integrands using max EIRP operation (Option 2a) or special weighting approaches (Options 3 and 4) have not been used in other OTA metrics

	OEM antenna design
	Option 1 does not necessarily impose new OEM antenna design requirements to optimize Option 1 metric
	· Antennas designed to optimize DL MIMO OTA performance yield worse Option 2 single-layer UL MIMO power offsets when compared to antennas with poor DL MIMO OTA performance.
· Even stricter antenna design requirements might be necessary 
	The option 3 metric is maximized for highly directive antennas
	
	

	Operator network deployment
	No comment

	Representative of operation in the field (realism)
	
	
	· Option 2 introduces some realism in terms of utilizing the optimal TPMI but the mechanisms to select the optimal TPMI are different between field and lab (“idealistic”)
· The spherical coverage metric would be more appropriate
	
	
	

	Measurement grids
	Coarse measurement grids should be applicable (same as SISO)
	Finer measurement grids might be required (compared to SISO)



Summarized Table based on comments in R4-2404197
	Comparison criteria
	Views on Options

	Testing time (calculated based on R4-2311672), considering multiple AC stabilization times
	The anechoic chamber stabilization time is the dominant factor on TRP test time. Switching between TPMI Indices while the chamber is stable is the more efficient implementation of the swept TPMI test method, rather than repeating complete TRP tests for each TPMI index. The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications. Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded.
The dominant test time factor is related to AC stabilization time, the test time difference between Option 1b (2x TPMI indices) and Options testing 4 TPMI indices is not a decisive criterion.

	Performance metric consistency
	Despite the fundamental differences on post-processing, the Options 1a and 2 shares an established performance metric based on TRP, i.e.: the surface integral of Effective Isotropic Radiated Power (EiRP) over Vertical & Horizontal polarizations from each spherical scanning coordinates.
Options 3 and 4 are based on the average of EiRP or TRP respectively, adopting a radiation pattern weighting factor which value is TBD
For coherent UL MIMO devices, RAN4 should select Options where the performance metric is based on current definitions of Total Radiated Power (TRP) and without radiation pattern weighting.

	Regulatory impacts
	The regulatory impact based on the RAN4 decision in how to determine a post-processing method to calculate TRP based on swept TPMI indexes data is unknown. Such information can be officially gathered with each Regulatory organization impacted by this RAN4 definition. 3GPP has mechanisms in place for such consult.  
Option 2 is the only option capable to generate the side conditions related to TRP for coherent UL MIMO (namely UE orientation and best TPMI index selection).

	Statistical properties
	The options that consider the complete dataset based on all available TPMI indices and full spherical scanning fulfil the basic statistical properties requirements. Averaging across TPMI (Option 1), reduced number of TPMI indices (Option 1b), or arbitrarily weighting on the radiation pattern (Options 3 and 4) can fail to fulfil sufficiency, unbiasedness, and resistance properties of statistical data.
For coherent UL MIMO devices, RAN4 should select Option 2 where the performance metric is based on complete 4 TPMI indices datasets, without averaging or radiation pattern radiation pattern weighting.

	
	

	Alignment with Other SDOs
	The SDOs alignment status or feedback based on the RAN4 decision in how to determine a post-processing method to calculate UL MIMO TRP based on swept TPMI indexes data is unknown. Such information can be officially gathered with each SDO impacted by this RAN4 definition. 3GPP has mechanisms in place for such consultation.
For consultation related to coherent UL MIMO performance metric acceptance and alignment across SDOs, RAN4 should request such information officially adopting 3GPP mechanisms in place. This should not be a constraint for RAN4 decisions.

	OEM antenna design 
	Real environmental conditions are anisotropic; the UE antenna design and OTA test environment shall be capable to validate radiated performance in such conditions. Option 2 is the only option capable to provide a UE radiated performance assessment on anisotropic conditions with OTA testing in an isotropic environment.
Option 2 is the only Option capable to provide a UE radiated performance, validating the antenna system design based on real anisotropic channel conditions. Additionally, the Option 1b (x2 TPMI indices) is not aligned with RAN 1 specification because x4 TPMI indices are required by specification

	Operator network deployment
	The network deployment of UL MIMO based on the UE feedback and selection of optimal TPMI index is fully specified by 3GPP, therefore, does not require further updates to conform with OTA test methodology based on the same principle.
Option 2 is the only Option capable to evaluate a UE radiated performance, in conformance with real UL MIMO network deployment.

	Representative of the operation in the field (Realism)
	Based on measurement and simulation results submitted in [3-9], there is clear evidence that for different DUT orientations different TPMI indices maximize the EIRP radiated in the direction under test.  A radiated test metric which validates the UE’s ability to select the TPMI configured by the network and to maximize the output power for each configured TPMI is an essential test for the UL MIMO feature.
The radiated test metrics proposed in Options 1a/1b/3/4, which rely on averaging radiated power across TPMI indices, do not have a physical link to real field performance, since the scope of the single-layer UL MIMO feature does not involve transmission with multiple TPMIs.  This was further highlighted by operator comments during the RAN4 #110 ad-hoc discussion on Issue 1-1-1, “TIM/VDF: Max EiRP present more close to real scenario”.
For coherent UL MIMO devices, RAN4 shall select Option 2 as the metric for radiated output power.



Moderator: Besides, last meeting, several companies and operators share views that the weighting of TPMIs is the key to show representative performance, the system-level simulation results on Percentage of TPMIs with random power offset (±4dB) and phase offset (±40°) between two ports of coherent UL MIMO in paper R4-2404647 is listed for information: 
Table 3 in R4-2404647: Percentage of TPMIs with random power offset (±4dB) and phase offset (±40°) between two ports of coherent UL MIMO (Case 1 UE distribution: 80% indoor, 20% outdoor)
	
	Full coherent TPMI index probability

	TPMI index
	0
	1
	2
	3
	4
	5

	Codebook
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	0.7GHz
	0.64%
	0.49%
	24.67%
	25.66%
	24.74%
	23.81%

	3GHz
	0.52%
	0.26%
	24.73%
	25.08%
	25.27%
	24.15%

	6GHz
	0.33%
	0.27%
	25.05%
	25.11%
	24.51%
	24.72%


Table 4 in R4-2404647: Percentage of TPMIs with random power offset (±4dB) and phase offset (±40°) between two ports of coherent UL MIMO (Case 2 UE distribution: 20% indoor, 80% outdoor)
	
	Full coherent TPMI index probability

	TPMI index
	0
	1
	2
	3
	4
	5

	Codebook
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	0.7GHz
	0.51%
	0.79%
	25.68%
	25.80%
	24.06%
	24.16%

	3GHz
	0.57%
	0.66%
	25.45%
	24.94%
	23.73%
	24.65%

	6GHz
	0.66%
	0.64%
	25.86%
	24.54%
	24.23%
	24.07%



Moderator: Last, based on the analysis from TE vendors on test case in issue 1-1-2, due to OTA test system and procedure, the relative phase error between two antennas for coherent UL-MIMO TRP testing could be larger than the requirements defined in 38.101-1 (conducted case). Then in this case, the coherent UL MIMO may present more like non-coherent UL MIMO.
 


Issue 1-1-2: Confirmation of relative phase variation for coherent UL-MIMO 
· Proposals
· Proposal 1: For coherent UEs, the max 40° relative phase variation is applicable as the UL power measurements are typically performed over the 1 ms period. (Keysight)
· Proposal 2: chipset and UE vendors must confirm if the UE resets phase between the two transmitting ports every time a TPMI is received (i.e. with every DCI received over PDCCH) in case the index does not change from last value (i.e. same TPMI on consecutive DCI). (ROHDE & SCHWARZ)
· Proposal 3: if above proposal cannot be confirmed, only Case B shall be considered for the phase variation error analysis (i.e. relative phase between two antennas is a random variable [0, 360] degrees). (ROHDE & SCHWARZ)
· Recommended WF
· Further discuss and confirm the Max relative phase variation of coherent UL MIMO for OTA testing 

Issue 1-1-3: Updated option for Option 2 
· Proposals
· Proposal 1: Consider updating Option 2 to spherical coverage metric/CDF. 
· Recommended WF
· TBD 

Issue 1-1-4: Measurement grid analysis for 2Tx  
· Proposals
· Proposal 1: RAN4 to confirm that the coarser measurement grids for TRP in Table 5.1.1-1 of TR38.870 are applicable for coherent UL MIMO. (Samsung)
· Recommended WF
· Check and confirm.


Sub-topic 1-2 CRs
Issue 1-2-1: CR on CA band combinations 
· Proposals
· Proposal 1: Endorse the CR R4-2405500 on CA in section 4.3.5 of TR 38.870. 
· Recommended WF
· agreeable

Issue 1-2-2: Performance metric for Coherent UL MIMO 
· Proposals
· Proposal 1: Endorse the CR on performance metric for Coherent UL MIMO this meeting, using R4-2404196 as starting point for revision. 
· Recommended WF
· CR content depends on decisions in Issue 1-1-1


Topic #2: Rel-18 TRP TRS requirements related issues
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404190
	Apple
	Observation 1: The requirement for the alternate channel bandwidth may not necessarily be a linear adjustment based purely on RB scaling and therefore empirical measurement approach is critical to understand if additional allowance is required.
Proposal 1: Align with Option 1 from RAN4#110 WF [1] with further clarifications as needed. The core specification should primarily list the baseline requirement based on the channel bandwidth for which performance campaign has been carried out. A specific NOTE indicating derivation/scaling of the requirement for additional channel bandwidths can be listed.
Proposal 2: Agree that an additional allowance is needed to the REFSENS RB scaled TRS requirements derived for n28, n41, n77, n78 browsing mode for the alternate channel bandwidths. The framework for determining the allowance value can be data-driven i.e. average the delta seen from multiple empirical measurements which companies are encouraged to provide. 
Allowance for Talk Mode is FFS and can be finalized similarly based on empirical data.
Proposal 3: Agree to use test frequencies defined in TS 38.508-1 for the alternate channel bandwidths.
Proposal 4: For TDD bands, specify PC3 TRP spec with 3dB offset based on corresponding PC2 TRP spec. Evaluate FDD separately.
Observation 2: RAN4 successfully discussed and provided a TT recommendation to RAN5 as part of the Release 17 core requirements defined for the Browse Mode scenarios for n41 and n78. The aspect of provide Release 18 TT recommendation is already part of the Release 18 FR1 TRP TRS enhancements work item.

Observation 3: The definition of TT as a fraction of MU was useful since the MU is eventually defined separately for <3 GHz and >=3 GHz.

Observation 4: The NR FR1 TRP TRS MU recommendation for Talk Mode MU is available in TR 38.161 [1]. Considering the current recommended MU value for Talk Mode is not significantly higher, the recommendation for TT (0.62*MU) should also hold good for Talk Mode. 

Proposal 5: As response to RAN5 LS, agree that RAN4 shall provide a TT recommendation as part of the Release 18 requirements package, aligning with Release 17 approach.

Proposal 6: Propose recommended TT as a fraction/ration of MU so that TT can be computed, like MU for < 3GHz and >= 3 GHz, aligning with Release 17 approach.

Proposal 7: Once the Release 18 requirements are confirmed for n1, n28, n41, n78 leverage the TT recommendation provided in Release 17 (0.62*MU) and include as part of Rel-18 core requirements package for Talk and Browse Mode.  

Proposal 8:  To help with further analysis vis-à-vis JBPR, when consolidating all the data from performance campaign devices into a pool to create CDF curves, have a mechanism to highlight (color code etc) the data point(s) coming from DUTs supporting all 4 bands – n1, n28, n41 and n78. 


	R4-2404203
	Huawei, HiSilicon
	Proposal 1: use option 1, i.e. the average of each method, as the AC and RC lab alignment criterion as option 2 and 3 have shortcomings.

	R4-2404204
	Huawei, HiSilicon
	Observation 1: the offset between PC2 and PC3 should be based on the mean value difference of 3dB
Observation 2: some bands such as n77, n78, n79 and n104 have the same tolerance range of [+2, -3] dB for both PC2 and PC3. This makes it difficult to justify the 2.5dB offset.
Proposal 1: based on the observation 1 and 2, the use of TRP(PC3) = TRP(PC2) – 3 can be justified.

	R4-2404597
	Samsung
	Proposal 1:	RAN4 to confirm that Samsung lab is well aligned with Reverb Chamber system for band n78.
Proposal 2:	Given the two LADs for n28 are not received yet, it is proposed to postpone the expected completion time of RC lab alignment to RAN4#111 May meeting.
Proposal 3:	Rule out Option 2 (Option 2: compare the max deviation of RC and AC from each test lab) for RC vs AC harmonization criteria
[bookmark: _Hlk163750602]Proposal 4:	For the bands with PC2 TRP spec already specified, the corresponding PC3 TRP spec shall be specified with 3dB offset for TDD bands and 2.5dB offset for FDD bands respectively.
Observation 1:	the sensitivity at 20MHz CBW for n28 is under self-interference condition which is similar to MSD scenario, actual measured results varies with uplink power class, RB configuration, duplexer performance, etc.
Observation 2:	Very large gap of REFSENS between 10MHz CBW and 20MHz CBW also occurs for other FDD low bands such as n5, n8, which is up to 8dB
Proposal 5:	RAN4 to re-consider to adopt 10MHz CBW as the unique CBW for TRP TRS of FDD bands
Observation 3:	measurement results show that the delta between the different channel configurations are quite small
Proposal 6:	RAN4 to confirm the Option 1 (Case B) as the test parameter for additional CBW.
Proposal 7:	measurement results should be taken into consideration when determining the scaling factor between different CBWs
Proposal 8:	For simplicity to handle the measurement results uncertainty, it is proposed to adopt a simple scaling based on BW ratio, i.e. 10log(100/20)=7dB, as the scaling factor for Band n41/77/78

	R4-2404613
	Bluetest AB
	Observation 1: Max deviation methods are overly sensitive to unknown variations in device behaviour for strict pass/fail harmonization criteria.
Proposal 1: The overall cost of consideration should be considered by adding the unique uncertainties of each method together into a total harmonization uncertainty value. [Approximately +0.2db over reference MU]
Proposal 2: Determine harmonization by using the aggregate lab alignment method with a pass-fail requirement of 0.75*Total harmonization MU.

	R4-2404644
	vivo
	Analysis of 3GPP TRP TRS AC lab alignment and RC harmonization measurement results-phase 3

	R4-2405171
	OPPO, SRTC
	Proposal 1: It is concluded that RC test method is harmonized on the following test cases, other test cases are for further check.
· TRP of high band in talk mode
· TRP of high band in browsing mode
· TRP of low band in talk mode
· TRP of low band in browsing mode
· TRS of high band in talk mode
Proposal 2: RC test method can be used for the measurement/certification of DUT when device manufacturers or certification organizations only need to know the final values of TRP and TRS.
Proposal 3: The above requirement for RC labs is needed to ensure the availability and accuracy of the RC environment, when other SDOs and certification entities adopting RC test method.

	R4-2404648
	vivo
	Reply LS on TT work for Rel-18 NR FR1 TRP TRS

	R4-2405396
	Qualcomm Incorporated
	Proposal: RAN4 to select 90% as the threshold percentile and +/-0.5dB as offset as the starting point to derive Rel-18 TRP and TRS requirement.

	R4-2405455
	CAICT, SAICT
	Observation 1: The minor discrepancy between measured and scaled TRS values (-0.11 dB) for the 20 MHz bandwidth underlines the feasibility of using the REFSENS RB scaling approach to define OTA requirements for additional CBW. 
[bookmark: _Hlk163751181]Proposal 1: Preliminary testing result confirmed the feasibility of obtaining OTA requirements for additional CBW using the REFSENS RB scaling factor.
Observation 2: Due to the limited scope of the test, these results should be interpreted with caution, as they may not fully represent a broader range of devices and frequency bands.
Proposal 2: Further testing is proposed to validate the REFSENS RB scaling method for determining OTA requirements for additional CBW, ensuring accuracy and applicability across diverse scenarios and frequency bands.
Observation 3: The EIS values obtained from SPOT were quite consistent with the directly measured EIS results across each direction. The final TRS results showed a deviation of only 0.41 dB.
Proposal 3: Testing result preliminary confirmed the feasibility of single point offset method for different CBW measurements of same band. 
Observation 4: The TRP performance offset between PC2 and PC3 UEs should be less than 3dB when take practical implementation into consideration.
Proposal 4: Obtain the PC3 TRP requirement using a 2.5dB offset from the PC2 requirement, i.e., TRP (PC3)=TRP (PC2) - 2.5 dB.


	R4-2405897
	TELECOM ITALIA S.p.A., Vodafone, Orange, Deutsche Telekom
	Observation 1: Operators have provided all the 18 devices by the RAN#103 meeting. Some laboratories reported issues concerning certain samples thus operators need to check internally how to proceed to find a proper solution (e.g., replace the devices). This requires some additional time.
Observation 2: Some laboratories reported about the difficulty to respect the agreed timeline for the measurements activity and one laboratory asked to postpone the measurements after the RAN4#110-bis meeting. This adds uncertainty to the possibility to have a good data set on which start the discussion for the definition of the requirements at the RAN4#110-bis meeting.
Observation 3: At the time of writing this document, no information’s about the devices to be measured have been circulated, therefore this does not permit to evaluate in a timely manner the fulfilment of the thresholds and the corresponding action to be taken. At this point in time this have clear impacts on the overall measurement campaign management (i.e., there are no other meetings which can be used to provide further devices).
Observation 4: Even if the issues reported in the previous observation would be solved in a timely manner, the discussion on the final values for the performance requirements is well known to be a delicate task. Therefore, it is not advisable to have just one meeting (i.e., RAN4#111 meeting) to finalize the activity.
Observation 5: Quality of the results provided by RAN4 has the priority with respect any other issues, including time constraints. If needed, the timeline of the activities can be reviewed accordingly.
Observation 6: To reach the RAN4 objective of defining TRP/TRS minimum performance requirements, more time is needed.
Proposal 1: It is proposed to extend the WI of 6 months, with a new completion date set for the RAN4#106 meeting in December 2024.

	Rel-18 measurement campaign submission

	R4-2404646
	vivo
	Analysis of Rel-18 TRP TRS Performance Test Campaign and Proposals for requirements

	R4-2404144 
	Sporton International Inc
	3GPP Rel-18 TRP TRS Measurement Campaign Results - Sporton

	Rev of R4-2404274
	Element Materials Technology
	Element - 3GPP Rel-18 TRP TRS Performance Test Campaign

	R4-2404610
	SRTC
	TRP TRS Measurement campaign result from SRTC

	R4-2404618
	SGS Wireless
	Measurement results for Rel-18 TRP TRS Performance Test Campaign

	R4-2404645
	vivo
	Measurement results for Rel-18 TRP TRS Performance Test Campaign

	R4-2405172
	OPPO
	3GPP Rel-18 TRP TRS Performance Test Campaign-OPPO

	R4-2405456
	CAICT
	CAICT - Measurement results for Rel-18 TRP TRS Performance Test Campaign

	Rel-18 AC alignment and RC harmonization submission

	Rev of R4-2404201
	Huawei, HiSilicon
	Huawei Measurement results for TRP TRS RC harmonization n28 AC talk and browsing mode 

	R4-2404596
	Samsung
	Measurement results for 3GPP Rel-18 TRP TRS RC harmonization activity_n78

	R4-2404600
	SRTC
	3GPP Rel-18 TRP TRS AC and RC lab alignment result update from SRTC

	R4-2404649
	vivo
	draft CR to TR 38.870 on Rel-18 AC lab alignment activity outcome


Open issues summary
Sub-topic 2-1 Rel-18 AC lab alignment activity
Moderator: two test labs update the measurement results of LADs, it is expected to finally conclude AC lab alignment activity this meeting. 
Issue 2-1-1: Final Analysis and conclusion of RAN4 Rel-18 AC Lab alignment activity
· Proposals
· Proposal 1: Based on analysis in R4-2404644 and agreed pass fail limits, 3GPP Rel-18 FR1 TRP TRS AC lab alignment activity for BHH can be successfully concluded within the 8 labs with anechoic chamber system are well aligned. 
· Recommended WF
· Conclude Rel-18 AC lab alignment activity this meeting. No further update. 

Moderator: Analysis summary in R4-2404644:
[bookmark: _Hlk102066899]
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Figure 2: NR FR1 TRP and TRS AC lab alignment analysis, deviation between each test lab and reference value 

Sub-topic 2-2 RC Harmonization and lab alignment 
Issue 2-2-1: Updated RC Lab alignment outcome 
· Proposals
· Proposal 1: based on the analysis in R4-2404644, 3GPP Rel-18 FR1 TRP TRS RC lab alignment activity can be successfully concluded (phase 3):
· 6 labs with Reverb chamber system are well aligned at n78
· 5 labs with Reverb chamber system are well aligned at n28
· Recommended WF
· Confirm RC lab alignment outcome. Due to LAD delivery issues, still missing the results from test lab 9 at band n28.

Moderator: Analysis summary in R4-2404644:
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Figure 4: NR FR1 TRP and TRS RC lab alignment analysis, deviation between each test lab and RC reference value (Lab9 n28 results is not available yet)

Issue 2-2-2: Updated RC Lab alignment schedule
· Proposals
· Proposal 1: Conclude RC lab alignment activity in RAN4#111 meeting, with receiving the final results on RC from Samsung lab. 
· Recommended WF
· The schedule reflects status 

Issue 2-2-3: RC vs AC harmonization criteria 
· Proposals
· Proposal 1: use option 1, i.e. the average of each method, as the AC and RC lab alignment criterion as option 2 and 3 have shortcomings. (Huawei)
· Proposal 2: Rule out Option 2 (Option 2: compare the max deviation of RC and AC from each test lab) for RC vs AC harmonization criteria. (Samsung)
· Proposal 3: The overall cost of consideration should be considered by adding the unique uncertainties of each method together into a total harmonization uncertainty value. [Approximately +0.2db over reference MU] (Bluetest)
· Proposal 4: Determine harmonization by using the aggregate lab alignment method with a pass-fail requirement of 0.75*Total harmonization MU. (Bluetest)
· Recommended WF
· Collecting views

Moderator: Analysis summary in R4-2401539.


Issue 2-2-4: Proposals for concluding outcome of RC vs AC harmonization 
· Proposals
· Proposal 1: It is concluded that RC test method is harmonized on the following test cases, other test cases are for further check. (OPPO, SRTC)
· TRP of high band in talk mode
· TRP of high band in browsing mode
· TRP of low band in talk mode
· TRP of low band in browsing mode
· TRS of high band in talk mode
· Proposal 2: RC test method can be used for the measurement/certification of DUT when device manufacturers or certification organizations only need to know the final values of TRP and TRS. (OPPO, SRTC)
· Proposal 3: The above requirement for RC labs is needed to ensure the availability and accuracy of the RC environment, when other SDOs and certification entities adopting RC test method. (OPPO, SRTC)
· Recommended WF
· Collecting views

Sub-topic 2-3 additional CBW for band n28/n41/n77/n78 requirements 
Issue 2-3-1: How to scale the defined large CBW to narrow CBW requirements?
· Proposals
· Proposal 1: measurement results should be taken into consideration when determining the scaling factor between different CBWs. (Samsung)
· Proposal 2: For simplicity to handle the measurement results uncertainty, it is proposed to adopt a simple scaling based on BW ratio, i.e. 10log(100/20)=7dB, as the scaling factor for Band n41/77/78. (Samsung)
· Proposal 3: Preliminary testing result confirmed the feasibility of obtaining OTA requirements for additional CBW using the REFSENS RB scaling factor. (CAICT)
· Further testing is proposed to validate the REFSENS RB scaling method for determining OTA requirements for additional CBW, ensuring accuracy and applicability across diverse scenarios and frequency bands.
· Proposal 4: Agree that an additional allowance is needed to the REFSENS RB scaled TRS requirements derived for n28, n41, n77, n78 browsing mode for the alternate channel bandwidths. The framework for determining the allowance value can be data-driven i.e. average the delta seen from multiple empirical measurements which companies are encouraged to provide. (Apple)
· Allowance for Talk Mode is FFS and can be finalized similarly based on empirical data
· Recommended WF
· Collecting views

Moderator: in the WF last meeting two options for single or 2 set of requirements
· Option 1: Single requirement each band in RAN4 spec, list scaling factor as a note for these band
· Option 2: Two sets of requirements for these bands in RAN4 spec
Issue 2-3-2: How to reflect the requirements for additional CBW in spec? 
· Proposals
· Proposal 1: Align with Option 1 from RAN4#110 WF [1] with further clarifications as needed. The core specification should primarily list the baseline requirement based on the channel bandwidth for which performance campaign has been carried out. A specific NOTE indicating derivation/scaling of the requirement for additional channel bandwidths can be listed. (Apple)
· Recommended WF
· Collecting views

Issue 2-3-3: Feasibility of single point offset method for different CBW measurements of same band
· Proposals
· Proposal 1: Testing result preliminary confirmed the feasibility of single point offset method for different CBW measurements of same band. (CAICT)
· Recommended WF
· Collecting views

Issue 2-3-4: detailed test parameters for additional CBW
· Proposals
· Proposal 1: RAN4 to confirm the Option 1 (Case B) (i.e., aligned with test frequencies defined in TS 38.508-1) as the test parameter for additional CBW. 
· Recommended WF
· Collecting views



Moderator: it was agreed in the WF last meeting “Limiting the additional CBW only for bands n28/n41/n77/n78 without further extension and stated in the spec.”
Issue 2-3-5: revert previous agreements on additional CBW 
· Proposals
· Option 1: RAN4 to re-consider to adopt 10MHz CBW as the unique CBW for TRP TRS of FDD bands. (Samsung)
· Option 2: No, Keep previous agreements
· Recommended WF
· Collecting views

Sub-topic 2-4 Rel-18 TRP TRS requirements work 
Moderator: the agreed recommended TT in Rel-17 in LS to RAN5 R4-2214797
· TT value is recommended as a ratio of MU, where TT=0.62*MU; according to currently available analysis of preliminary MU in RAN4, these values are 1.1 dB for TRP, and 1.4 dB for TRS. 
Note: above TT was browsing mode at that stage for all FR1 bands

Issue 2-4-1: TT for Rel-18 TRP TRS 
· Proposals
· Proposal 1: Follow the same approach in Rel-17, reuse factor of 0.62. The recommended TT is as following:
· TT value is recommended as a ratio of MU, where TT=0.62*MU; according to currently available analysis of MU of AC system in RAN4, these TT values should be:
· For browsing mode: TRP TT is 1.1dB for above 3GHz bands and 1dB for below 3GHz bands, TRS TT is 1.3 dB for all FR1 bands
· For talk mode: TRP TT is 1.2dB for above 3GHz bands and 1.1dB for below 3GHz bands, TRS TT is 1.4 dB for all FR1 bands
· Recommended WF
· Check and confirm

Issue 2-4-2: Reply LS to RAN5 on TT for Rel-18 
· Proposals
· Proposal 1: Aligning with Release 17 approach, RAN4 provide a recommended TT to RAN5 and Agree the reply LS to RAN5 in R4-2404648. 
· Recommended WF
· Check and confirm. Wording update if necessary for the reply LS

Moderator: analysis of measurement campaign results
Issue 2-4-3: Measurements plan shared by test labs for performance measurement campaign 
· Proposals
· Proposal 1: check the latest status of measurement campaign. (moderator)
· Recommended WF
· More measurement results are needed for TRS 

Issue 2-4-4: CDF percentile for Rel-18 TRP TRS requirements based on measurement campaign data pool
· Proposals
· Proposal 1: RAN4 to select 90% as the threshold percentile and +/-0.5dB as offset as the starting point to derive Rel-18 TRP and TRS requirement. 
· Recommended WF
· Collecting views

Issue 2-4-5: Requirements for Rel-18 TRP TRS based on measurement campaign data pool
· Proposals
· Proposal 1: discuss and decide Rel-18 TRP requirements. 
Table 1: Summary of analysis for TRP TRS performance test campaign
	CDF analysis （dBm）

	 
	Talk mode
	Browsing mode

	Percentile
	n1 TRP
	n28 TRP
	n41 TRP
	n78 TRP
	n1 TRS
	n28 TRS
	n41 TRS
	n78 TRS
	n1 TRP
	n28 TRP
	n1 TRS
	n28 TRS

	80%-tile
	9.33
	7.10
	12.31
	10.36
	-89.27
	-80.72
	-81.18
	-84.11
	12.67
	10.63
	-91.50
	-84.62

	85%-tile
	8.88
	6.84
	11.90
	9.66
	-89.12
	-80.31
	-80.79
	-83.75
	12.22
	10.02
	-91.21
	-84.36

	90%-tile
	8.52
	6.79
	11.12
	9.44
	-87.84
	-79.95
	-80.48
	-83.35
	11.51
	9.86
	-90.43
	-84.10

	95%-tile
	7.00
	6.70
	9.74
	9.26
	-87.62
	-79.69
	-79.66
	-82.85
	10.99
	9.46
	-89.91
	-83.34

	Num of samples
	47
	39
	40
	37
	29
	31
	24
	24
	37
	41
	19
	34



· Recommended WF
· Collecting views and agree TRP requirements


[bookmark: _Hlk163766978]Issue 2-4-6: How to define TRP PC3 requirements based on PC2 
· Proposals
· Option 1: TRP(PC3) = TRP(PC2) – 3 for both TDD and FDD
· Option 2: TRP(PC3) = TRP(PC2) – 3 for TDD bands, and TRP(PC3) = TRP(PC2) – 2.5 for FDD bands.
· Option 3: TRP(PC3) = TRP(PC2) – 3 for TDD bands, and TRP(PC3) = TRP(PC2) – [TBD] for FDD bands.
· Option 4: TRP (PC3) = TRP (PC2) - 2.5 dB, for both TDD and FDD
· Recommended WF
· Check and confirm 

Issue 2-4-7: Whether to consider JBPR 
· Proposals
· Option 1: To help with further analysis vis-à-vis JBPR, when consolidating all the data from performance campaign devices into a pool to create CDF curves, have a mechanism to highlight (color code etc) the data point(s) coming from DUTs supporting all 4 bands – n1, n28, n41 and n78
· Option 2: as agreed in working procedure, JBPR is not considered.
· Recommended WF
· Check and confirm 

Moderator: it was agreed in the WF R4-2402875 last meeting that “no WI extension is considered”.
Issue 2-4-8: Schedule of Rel-18 TRP TRS requirements.  
· Proposals
· Proposal 1: It is proposed to extend the WI of 6 months, with a new completion date set for the RAN4#106 meeting in December 2024. (TIM)
· Recommended WF
· Keep previous agreements.
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