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

	R4-2315157
	Huawei, HiSilicon
	Proposal 1: Postpone coherent UL MIMO discussion to Release 19.
Proposal 2: for band n1 or n3 or in general for any bands, TRS requirements should be derived according to the number of receive antennas.

	R4-2315158
	Huawei, HiSilicon, Rohde & Schwarz
	TP to TR 38.870 on TRP TRS test procedure for CA
Proposal 1: use CA configurations in TS 38.521-1 regardless of MPR=0 or not as non-zero MPR reflects field conditions. 
Proposal 2: include dual Tx configurations in CA tests
There are many NR CA combinations. At the initial stage, it is prudent to limit the scope of CA tests to two UL and two DL CA combinations.
Proposal 3: limit the scope of CA tests to two UL and two DL CA combinations.
Proposal 4: Review and endorse the CA test procedure in Appendix of R4-2315158.

	R4-2315381
	Apple
	TP to TR38.870 on MIMO radiated output power metric

	R4-2315382
	Apple
	Observation 1:	The results for simulation cases with TPMI=2, 3, 4, 5 indicate consistent differences in the TRP per TPMI.  This aspect should be analyized further in the context of the measurement grid uncertainty assessment.
Observation 2:	The difference between Case 2 and Case 3 of ~[0.7 to 0.5] dB represents a measurable difference in the radiated performance metric.
Observation 3:	The difference between Case 1 and Case 3 of ~[3.5 to 2.6] dB represents the potential underestimation of the UE’s ability to deliver power to the gNB, if a UE capable of coherent MIMO were verified using the fixed TPMI approach.
Observation 4:	Combined with Observation 1, the metric in Alternative 2 yields a very similar conclusion as Observation 3:  namely, this metric is not capable of discerning whether the UE can correctly configure its transceiver and front end circuitry to delivery maximum power to the gNB.
Observation 5: 	 The anechoic chamber stabilization time is the dominant factor on TRP test time. Finner / grid resolution incurs in lower percentile on test time increase.
Observation 6: 	Switching between TPMI Indexes while the chamber is stable if the more efficient implementation method.
Observation 7: 	The stabilization time vary based on anechoic chamber and system integration implementation, 0.5 – 2s seems to cover most of the applications.
Observation 8: 	While the observed percentage in test time increase is higher with chambers with shorter stabilization time, the absolute test time is lower since the delta time on switching trough TPMI Indexes is fixed.
Observation 9:	Anechoic chambers with 2 s stabilization time will have a test time increase of 21-24% for non-coherent UEs, i.e.: 21% for single channel test and 24% for 3 channels test.
Observation 10:	 Anechoic chambers with 2 s stabilization time will have a test time increase of 36-31% for full-coherent UEs, i.e.:  36% for single channel test and 31% for 3 channels test.
Observation 11: 	Anechoic chambers with even shorter stabilization time allowing shorter overall test time are not precluded
Observation 12:	Destructive superposition of transmitted signals with the TxD scheme impacts the received signal at gNB (in the field) and at the test receiver (during the OTA test).  Since TxD is a transparent scheme, there is no mechanism for the network to configure the UE with a preferred transmit precoding matrix to overcome this challenge.
Observation 13:	It may not be feasible to overcome the destructive superposition problem for TxD UEs within the scope of existing UE configurations and test methods.
Observation 14:	The adoption of test commands to mitigate the issue of 2Tx based TxD phase shift, requires RF Front-end architecture equipped with independent RF signal phase detector and  dynamic phase shifter for both RF paths, and dedicated algorithm. These features are not expected to be found in all UEs.


Proposal 1:	For non-coherent UL MIMO RAN4 should define the alternative UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {0,1,2}, and EIRP is selected as the maximum at each test point (Option 1c from RAN4 #107).
Proposal 2:	For coherent UL MIMO RAN4 should define the UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {2,3,4,5}, and EIRP is selected as the maximum (Option 1c from RAN4 #107).
Proposal 3: 	The selection of TPMI Indexes during EIRP test does not implicate in significant overall test time increase, switching between TPMI indexes during non-coherent and full-coherent UEs needs to be considered as a feasible test alternative by RAN4 consolidating a best alternative to evaluate UEs radiated performance on quasi-realistic test environment.
Proposal 4:	RAN4 should determine how to resolve the destructive superposition problem associated with testing radiated output power of TxD UEs before making any further conclusions related to the TxD radiated output power method.  If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define.
Proposal 5:	RAN4 should consider defining TRP for TxD devices based on measurements of TRP per antenna and summed up as a post-processing steps.  A new test mode may be necessary to achieve this.
Proposal 6:	RAN4 should not consider the utilization of test commands to mitigate 2Tx based TxD phase drift, since HW/SW requirements are not mandatory or present in all UEs.




	R4-2315383
	Apple
	Observation 1:	The rationale for CA TRP requirements and, consequently, test procedures is not well understood by RAN4.
Observation 2:	The rationale for CA TRS requirements and, consequently, test procedures is not well understood by RAN4.


Proposal 1:	It is proposed to no longer consider CA TRP/TRS test methodology proposals in Rel-18.

	R4-2315432
	Xiaomi
	Proposal 1: In release 18, only adopt fixed TPR pattern or average fixed TRP pattern to define the TRP requirements for fully coherent UE support multiple TPMI index.

	R4-2315557
	Samsung
	Proposal 1:	For non-coherent UE supporting fullpowerMode1, TPMI index 0, 1 and 2 should be all swept for the swept TPMI approach.
Observation 1:	for the averaged TPMI approach, it is enough to test only two TPMIs either 2&3 or 4&5
Observation 2:	the averaged TPMI approach potentially requires finer measurement grids than 1TX while the swept TPMI approach requires coarser measurement grids than 1TX
Proposal 2:	For coherent UE, Option 2 (swept TPMI approach) is preferred considering both performance benefits and test time benefits.
Proposal 3:	define a new TRP variant e.g. envelop TRP for swept TPMI approach to avoid confusion to TRP definition.
Observation 3:	just like TAS, directly testing TRP with TxD on may lead to much worse test results than real performance.
Proposal 4:	The specific configuration (test mode) includes disabling transmit antenna switching, sustaining 2TX simultaneously, and lock the phase relationship among active antennas.
Proposal 5:	capture in specification that “testing TRP of TxD UE directly without specific configuration (test mode) may lead to much worse measurement results than its real performance”

	R4-2315838
	vivo
	Reserved for 3GPP TR 38.870 v0.6.0

	R4-2315839
	vivo, CTIA Certification
	TP to TR 38.870 on phantoms

	R4-2315840
	vivo
	TP to TR 38.870 on 2Tx test configuration

	R4-2315841
	vivo
	Proposal 1: For fully Coherent UE support multiple TPMI index 2~5, option 1 should be adopted in Rel-18 as baseline test configuration and future TRP requirements development. TPMI index 2&3 or 4&5 is preferred considering the OTA testing time consuming.
Proposal 2: For fully Coherent UE support multiple TPMI index 2~5, capture option 2 as alternative method in TR Annex for further study. 
Proposal 3: Capture basic CA test method into TR.
Proposal 4: Operators feedback on whether CA combination with MSD issue should also be considered in Rel-18 is needed.


	R4-2315897
	vivo
	Draft CR to TS 38.161 on New test configurations for Rel-18 TRP TRS

	R4-2316225
	OPPO
	Proposal 1: The 2Tx test methodology should keep unified and consistent for both non-coherent UE and fully coherent UE.
Proposal 2: the 2Tx test methodology should keep the test result’s equivalence and comparability for both non-coherent UE and fully coherent UE.
Proposal 3: Take Option 1 as the 2Tx TRP metric for fully coherent UE, i.e. averaging TRPs under each TPMI as final performance metric.
Proposal 4: Take TPMI=2&3 as single-layer UL-MIMO baseline configuration for fully coherent UE.
Proposal 5: The evaluation of test time increase with TPMI 2~5 should be conducted not only by simulation approach, but also by measurement approach.

	R4-2316319
	Keysight Technologies UK Ltd
	Observation 1: The average of only two TPMI TRP measurements (2&3 or 4&5), Option 1, seems sufficient to determine TRP for single-layer UL MIMO with no TRP impact due to random phases
Observation 2: The selection of the best EIRP per grid point from each of the 4 TPMI measurements (2 through 5), Option 2, consistently yields a measured TRP that is exceeding the sum of TRPs of each individual (standalone) antenna.
Observation 3: For small antenna offsets, e.g., smartphone UE, and low frequencies, no significant and highly directive pattern lobing can be observed.
Observation 4: For small antenna offsets, e.g., smartphone UE, and frequencies in mid to high bands, significant and highly directive pattern lobing can be observed.
Observation 5: For the evaluated antenna pattern and antenna offsets, existing TRP measurement grids with Dq=Df=15° (traditional grids) and Dq=Df=30° (newly endorsed TRP grids for SISO) still seem to be applicable with very small increase in MU.
Observation 6: EM simulations confirm that the average of TRPs from TPMI2-3, TPMI4-5, or TPMI2-5 measurements indeed match the sum of TRP of TPMI0 and 1 (Option 1)
Observation 7: EM simulations show an ~1.6 dB-2.7 dB improvement of TRP for Option 2 with respect to the sum of TRP of TPMI0 and 1.
Proposal 1: Industry to discuss the applicability of multi-TPMI based test methods/metrics (Option 2 in particular) to other EIRP/TRP test cases.
Proposal 2: Match the requirements definition with the test methodology, e.g., define requirements and perform testing based on Option 1 or Option 2 and do not allow the requirements to be defined based on Option1 while allowing testing to be performed based on Option 2.
Proposal 3: Take the pros and cons for Options 1 and 2 in Table 3 into account.
Proposal 4: Do not consider a test mode to optimize TRP/minimize the TRP impact of phase variation given the rather complex UE HW implications, UE synchronization with test system, and massive test time increase.
Proposal 5: Leave the TRP measurement grid investigations including MU to RAN5
Proposal 6: If requirements for single-layer UL MIMO are defined based on measurement campaigns, use the legacy Dq=Df=15° measurement grids

	R4-2316506
	Qualcomm Incorporated
	Observation 1: The selection of the best EIRP per grid point from each of the 4 TPMI, i.e., Option 2, consistently yields a gain (~2.4dB) over the option 1 and single TMPI scheme.
Observation 2: Option 2 will lead to a significant improvement compared to the option 1 which is based on legacy TRP metric.
Observation 3: Phase variation impact is not negligible due to the relative phase error for coherent UE and the phase variation impact depends on the implementation.
Observation 4: 2Tx TRP test method for coherent UE needs to take into phase variant impact account.
Observation 5: RC could be used to solve the phase variation impact in 2Tx TRP testing for coherent UE. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.
Observation 6:  Observation 4 and observation 5 are also applicable for non-coherent UE.
Observation 7: The similar proposal as single-layer UL-MIMO TRP test method can be used for TxD TRP testing.

Proposal 1: RAN4 to further discuss the new metric for Option 2, e.g., Integrated Best EIRP over sphere. The coherent UE should include both codebook and non-codebook cases.
Proposal 2: RAN4 should decide the 2Tx TRP test method for single-layer UL-MIMO and TxD taking into phase variant impact account.
Proposal 3: For TRP test method of the singe-layer UL MIMO (including cohere UE and Non-coherent/partial-coherent UE) and TxD, RC could be used. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.

	R4-2316702
	CAICT
	Observation 1: RAN4 has decide not to adopt TPMI indexes 0 and 1 for UL MIMO TRP testing since single port antenna schemes are less relevant to 2Tx TRP.
Observation 2: For non-coherent UEs that support fullpowerModel1 but without full power PA of 26dBm, TPMI =2 is only feasible configuration for simultaneous 2 antenna transmissions.
Proposal 1: If lab alignment campaign and performance requirement are introduced for non-coherent UE , only fixed TPMI=2 configuration shall be used.
Observation 3: For Option 1, TRP values of the same DUT vary in a range of less than 0.1dB for different subsets of TPMI configurations, i.e., TPMI={2,3}or{4,5}or{2,3,4,5}.
Observation 4：Option 2 shows the optimal radiated performance of the UE in the most ideal state, but also necessarily overestimates the OTA performance of the UE in real-world usage scenarios.
Proposal 2: For coherent UE, select option 1 as final performance metric to perform measurement and specify performance requirement for single-layer UL-MIMO TRP testing.
Proposal 3: To reduce complexity and test time, a subset of TPMI indexes 2~5, i.e., TPMI 2&3 or 4&5, could be used for the single-layer UL MIMO TRP test method.
Proposal 4: Option 2 can be captured in the TR annex as an informative test method. 

	R4-2316803
	Google Inc.
	Proposal 1: RAN4 discuss whether TPMI#0 and TPMI#1 should be included in the test method for non-coherent UE with full power mode-1 if TxD capability is indicated.
Proposal 2: It is preferred to average TRP under TPMI=2,3,4,5 as the test performance metric for fully coherent UE TRP requirement.
Proposal 3: TRP-like performance metric for full coherent UE TRP requirement can be considered as an enhancement work item in the future.
Proposal 4: Additional measurement uncertainty/test tolerances or statistical measurement for TRP can be considered for TxD TRP requirement.

	
	
	


The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Sub-topic 1-1 Single-layer UL-MIMO TRP test method
Moderator: the baseline test method for non-coherent UE supporting fullpowerMode1 has been agreed in WF:
Issue 1-2-1: Test method for non-coherent UE support fullpowerMode1 just single TPMI index 2 
· Agreements
· Single TPMI index =2 used for testing 
· Using Fixed TPMI index =2 as baseline configuration if TRP requirements introduced in Rel-18 
· RAN4 shall further study and discuss another test metric with swept TPMI indexes for testing and captured into TR 
· Test applicable rules can be further discussed

Issue 1-1-1: alternative Test method for non-coherent UE supporting fullpowerMode1
· Proposals
· Proposal 1: For non-coherent UL MIMO RAN4 should define the alternative UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {0,1,2}, and EIRP is selected as the maximum at each test point (Option 1c from RAN4 #107). (Apple)
· Proposal 2: For non-coherent UE supporting fullpowerMode1, TPMI index 0, 1 and 2 should be all swept for the swept TPMI approach. (Samsung)
· Proposal 3: RAN4 discuss whether TPMI#0 and TPMI#1 should be included in the test method for non-coherent UE with full power mode-1 if TxD capability is indicated. (Google)
· Proposal 4: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· TPMI#0 and TPMI#1 only support 1 antenna transmission
· Whether above two index should be in alternative swept TPMI method, consider it together with Issue 1-1-2. Same approach is needed.

Moderator: the two options for coherent UE have been agreed in WF:
Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: measure TRP under each TPMI, and then average TRPs as final performance metric. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 2: measure and record best EIRP at each test point (swept over all applicable TPMIs at each measurement grid), and then integrate all the measured best EIRPs into a TRP-like performance metric. TPMI index 2~5; 

· Agreements
· Further discuss option 1 and option 2
· New definition/term on test metric required for option 2 need to be further discussed 

Issue 1-1-2: Test Methods for fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1 (averaging TRPs): baseline method for testing and requirements [CAICT, vivo, OPPO: prefer index 2&3 or 4&5] [Xiaomi: only this option] [Qualcomm] [Google: index 2~5]
· Option 2 (new metric with Max EIRPs): [Apple] [Samsung preferred]
· New Option 3 (Test mode): If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. [Qualcomm]
· Recommended WF
· Option 1 for Rel-18 TRP baseline method and future requirements
· Option 2 as informative method for further study (FFS whether adding TPMI#0 and TPMI#1)

Issue 1-1-3: Performance metric definition for Option 2 methodology  
· Proposals
· Option 1: TP to TR38.870 on MIMO radiated output power metric (Apple)
· Option 2: define a new TRP variant e.g. envelop TRP for swept TPMI approach to avoid confusion to TRP definition. (Samsung)
· Option 3: TRP-like performance metric for full coherent UE TRP requirement can be considered as an enhancement work item in the future. (Google)
· Option 4: Postpone coherent UL MIMO discussion to Release 19. [Huawei]
· Recommended WF
· O3&O4, detailed new performance metric for full coherent UE can be discussed in Rel-19.

Issue 1-1-4: industry impact of Option 2 methodology  
· Proposals
· Proposal 1: Industry to discuss the applicability of multi-TPMI based test methods/metrics (Option 2 in particular) to other EIRP/TRP test cases. (Keysight)
· Proposal 2: Match the requirements definition with the test methodology, e.g., define requirements and perform testing based on Option 1 or Option 2 and do not allow the requirements to be defined based on Option1 while allowing testing to be performed based on Option 2. (Keysight)
· Proposal 3: Take the pros and cons for Options 1 and 2 in Table 3 into account. (Keysight)
· Recommended WF
· follow the general agreements in Issue 1-1-2 

Issue 1-1-5: Testing time consideration for fully Coherent UE  
· Proposals
· Proposal 1: The selection of TPMI Indexes during EIRP test does not implicate in significant overall test time increase, switching between TPMI indexes during non-coherent and full-coherent UEs needs to be considered as a feasible test alternative by RAN4 consolidating a best alternative to evaluate UEs radiated performance on quasi-realistic test environment. (Apple)
· Proposal 2: The evaluation of test time increase with TPMI 2~5 should be conducted not only by simulation approach, but also by measurement approach. (OPPO)
· Recommended WF
· Testing time of real measurements performed by TPMI 2~5 should be considered. Encourage companies to share results of total measurement time

Issue 1-1-6: phase variation for single-layer UL-MIMO 
· Proposals
· Proposal 1: Do not consider a test mode to optimize TRP/minimize the TRP impact of phase variation given the rather complex UE HW implications, UE synchronization with test system, and massive test time increase. [Keyishgt]
· Proposal 2: RAN4 should decide the 2Tx TRP test method for single-layer UL-MIMO and TxD taking into phase variant impact account. (Qualcomm)
· Recommended WF
·  phase variation is a general issue for all 2Tx test cases, no matter TxD, Option 1 (averaging TRPs) and Option 2 (new metric with Max EIRPs).
· Further study the TRP results impacts based on simulation and real measurements in Rel-19. The impact should also be considered when developing 2Tx TRP requirements in future.

Issue 1-1-7: Measurement grid analysis for UL-MIMO  
· Proposals
· Proposal 1: Leave the TRP measurement grid investigations including MU to RAN5. (Keysight)
· Proposal 2: If requirements for single-layer UL MIMO are defined based on measurement campaigns, use the legacy Dq=Df=15° measurement grids. (Keysight)
· Recommended WF
· The measurement grids analysis and preliminary MU assessment is part of OTA test method, better to study in RAN4. 
· Final grids and corresponding MU value for 2Tx conformance testing can be decided in RAN5.

Sub-topic 1-2 TxD test method
Issue 1-2-1: TP for TxD test procedure
· Proposals
· Proposal 1: review and adopt the TP in R4-2315840 for TxD. 
· Recommended WF
· check and update

Moderator: agreed in WF:
Issue 1-3-1: 2Tx-based TxD test procedure (first priority) 
· Agreements
· The basic test method for TxD with all the active antennas ON
· Not preclude to consider additional approach with UE-specific configuration 
· Based on vendors declaration to address the phase issue between antennas
· Clarification of UE behavior this UE-specific configuration would trigger and how it can address the phase-dependent destructive superposition of TxD signals to be discussed by RAN4

Issue 1-2-2: RAN4 study on UE performance fluctuation of 2Tx-based TxD
· Proposals
· Proposal 1: RAN4 should determine how to resolve the destructive superposition problem associated with testing radiated output power of TxD UEs before making any further conclusions related to the TxD radiated output power method.  If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define. (Apple)
· Proposal 2: RAN4 should not consider the utilization of test commands to mitigate 2Tx based TxD phase drift, since HW/SW requirements are not mandatory or present in all UEs. (Apple)
· Proposal 3: The specific configuration (test mode) includes disabling transmit antenna switching, sustaining 2TX simultaneously, and lock the phase relationship among active antennas. (Samsung)
· Proposal 4: capture in specification that “testing TRP of TxD UE directly without specific configuration (test mode) may lead to much worse measurement results than its real performance” . (Samsung)
· Proposal 5: Additional measurement uncertainty/test tolerances or statistical measurement for TRP can be considered for TxD TRP requirement. (Google)
· Proposal 6: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· Adding a statement in TR, based on update of P4
· Study MU impact based on update of P5
· Further study specific configuration declared by UE vendors mentioned by other proposals

Issue 1-2-3: alternative TxD test procedure for 1Tx-based TxD measurement (low priority) 
· Proposals
· Proposal 1: RAN4 should consider defining TRP for TxD devices based on measurements of TRP per antenna and summed up as a post-processing steps. A new test mode may be necessary to achieve this. (Apple)
· Proposal 2: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· Focus on 2Tx TxD test method discussion in Rel-18.

Sub-topic 1-3 CA test method
Issue 1-3-1: CA test parameters 
· Proposals
· Proposal 1: use CA configurations in TS 38.521-1 regardless of MPR=0 or not as non-zero MPR reflects field conditions. (Huawei)
· Recommended WF
· TBA

Issue 1-3-2: CA test case scope 
· Proposals
· Proposal 1: include dual Tx configurations in CA tests. limit the scope of CA tests to two UL and two DL CA combinations. (Huawei)
· Recommended WF
· P1 is aligned with WID

Issue 1-3-3: CA test procedure 
· Proposals
· Proposal 1: Review and endorse the CA test procedure in Appendix of R4-2311056. (Huawei)
· Recommended WF
· check and update

Issue 1-3-4: CA band combinations 
· Proposals
· Proposal 1: Operators feedback on whether CA combination with MSD issue should also be considered in Rel-18 is needed. (vivo)
· Recommended WF
· collect companies’ feedback

Issue 1-3-5: WID CA scope handling 
· Proposals
· Proposal 1: It is proposed to no longer consider CA TRP/TRS test methodology proposals in Rel-18. (Apple)
· Proposal 2: Capture basic CA test method into TR. (Huawei, vivo)
· Recommended WF
· P2 should be agreed as a starting point. Further study radiated MSD issue in Rel-19.
Sub-topic 1-4 RC test method
Issue 1-4-1: RC test method for 2Tx test cases 
· Proposals
· Proposal 1: For TRP test method of the singe-layer UL MIMO (including cohere UE and Non-coherent/partial-coherent UE) and TxD, RC could be used. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· 2Tx test method should also be studied in RC test system. 1Tx harmonization is on-going, this could be Rel-19 scope.
Topic #2: Rel-18 TRP TRS requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315156
	Huawei, HiSilicon
	[bookmark: _Hlk146901342]Proposal 1: a RC lab is considered harmonized with AC if the differences between TRP and TRS values from the RC lab and AC averages across participating AC labs come within the AC MU values for all lab alignment devices.

	R4-2315842
	vivo
	Proposal: Approve the updated working procedure for Rel-18 TRP TRS WI in Section 3, Section 4, Section 5, and Section 6 of this contribution.

	R4-2315384
	Apple, Telecom Italia
	Proposal 1: It is proposed that RAN4 Secretary will cover the role of the trusted third, neutral party to collect the measurements results provided by the laboratories and forward them to the RAN4 group after anonymizing the sensitive data.
Proposal 2: Volunteer labs should fill out a Device Pool Information sheet separate from the sheet used to submit measurement data from the campaign.
Proposal 3: Create a consolidated table within the Device Information Sheet, for volunteer labs to enter the Vendor Name and Model Name, along with additional details such as power class supported, bands supported, year of production, GCF/PTCRB certification status, commercial availability, with the understanding that this is shared to the neutral party/RAN4 secretary ONLY.
Proposal 4: The device pool information sheet shall be created so that the order of listing of the Vendor/Device Model names and all associated details can be scrambled i.e. NOT CORRELATED to the order in the measurement data shared submitted by the same lab for the respective list of devices.
Proposal 5: Update the performance measurement campaign working procedure as follows:
“d. The allowed maximum number of submitted devices from each lab is [15] (depends on how many test labs will join the activity) with a minimum of 3 devices.”
Proposal 6: The Neutral party/RAN4 secretary ONLY publishes to 3GPP RAN4 the summary of statistical information covering the below.
Proposal 7: Further discussion needed on any setting of thresholds for the provided statistical metrics.
Proposal 8: It is proposed to adopt sections 2.1, 2.2 and 2.3 and the proposals within also for the performance part framework of the MIMO OTA enhancement WI.

Observation 1: All the requested information in the device pool information, except Device certification status and Market Segment of chosen devices, seems possible for volunteer labs to compile and submit.
Observation 2: It is our understanding that apart from specifying the required number of devices and related criteria in the working procedures, current 3GPP process does not allow for any coordination among 3GPP volunteer labs.


	R4-2315843
	vivo
	Proposal: Approve the updated schedule for Rel-18 TRP TRS measurement activities and requirement development in Section 2 of this contribution.

	R4-2315844
	vivo
	(Template) Measurement results for TRP TRS Performance Test Campaign

	R4-2316835
	Telecom Italia, Vodafone
	Proposal: Approve the updated working procedure for TRP TRS Performance Test Campaign for Rel-18 TRP TRS WI.


Open issues summary
Sub-topic 2-1 Rel-18 AC lab alignment activity
Issue 2-1-1: LAD information update
· Proposals
· Proposal 1: Confirm the following updated LADs for Rel-18 AC lab alignment activity. 
	Rel-18 Lab Alignment Device (LAD)

	Volunteer lab
	Owner
	Contact
	Note

	LAD1 (Rel-17)
	vivo
	Ruixin 
ruixin. wang@vivo.com
	For n78 testing. The lab alignment has been started

	LAD2 (Rel-17)
	vivo
	Ruixin 
ruixin. wang@vivo.com
	For n78 testing. The lab alignment has been started

	LAD3
	vivo
	Ruixin 
ruixin. wang@vivo.com
	For n28 testing. The lab alignment has been started 

	LAD4
	TIM
	Alex
alessandro.trogolo@telecomitalia.it
	For n28 testing. The lab alignment has been started

	Note: To keep the test burden, most 4 test cases, i.e., two devices per band. 



· Recommended WF
· Collect and confirm in this meeting

Issue 2-1-2: Updated Working procedure for Rel-18 AC lab alignment activity 
· Proposals
· Proposal 1: Approve the following working procedure for Rel-18 AC lab alignment activity:
Working procedure for Rel-18 AC Lab Alignment Campaign 
1. The purpose of Lab Alignment Campaign is to ensure there is no unexpected lab deviation and establish full trust and confidence on the results.
2. Test labs are invited to participate to the lab alignment and test campaign, the following conditions should be fulfilled:
a. Participating lab should be accredited under ISO 17025 (ISO 17025 accredited labs) and have any of 3GPP TS 37.544, CCSA YD/T 1484.6, and CTIA OTA Test Plan listed on its accreditation scope. 
b. Participating lab should have anechoic chamber(s) ready to support testing based on 3GPP TS 38.161.
c. Participating lab should have sufficient test resource to provide the on-time measurement results without delay.
3. Test methodology:
a. Test plan: 3GPP TS 38.161;
4. Test cases for Lab Alignment Campaign:
a. Test bands: n28, n78; one low and one high band is sufficient
b. Number of test cases per band: BHHL and BHHR at low/mid/high channel; 
c. Use scenario: Head and Hand phantom (Talk mode), i.e., BHHL and BHHR
d. Hand Phantom: Wide Grip hand 
e. Operation mode: NR Standalone (SA)
f. Number of Tx chain: UE with 1Tx as phase 1, 2Tx as phase 2 can be started after UL-MIMO TRP test method is concluded.
5. Lab Alignment Device (LAD): in total 4 devices, to avoid delay of lab alignment activity, the LADs confirmed by RAN4#108 meeting will not be further added
a. Rel-17 LADs (LAD1 and LAD2) for band n78; 
b. 2 more devices (LAD 3 and LAD 4) for band n28;
c. UE information listed in section 6
6. Test results submitting:
a. Using the same worksheet template in [R4-2313892] to submit the measurement results
b. The measurement results of LADs should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
c. Results shall not be shared between labs before submitting to RAN4 meetings or sharing in the RAN4 reflector. Comparison and lab alignment analysis should only be done in RAN4 meetings/discussions
d. Sharing of the measurements results of a specific device from test labs is permitted only towards the 3GPP member that provided such device (i.e., device’s owner) before submitting to RAN4

7. Lab alignment criteria:
a. The pass/fail criteria are defined as the maximum deviation between the measurement result and the reference value
b. Confirm the reference value derived based on the per-band per-PC averaging approach (linear average with dBm) of lab alignment data pool from ≥3 labs submitted before end of [RAN4#108bis109] as baseline.
c. Apparent outliers will not be considered in averaging process. The value deviates over 1.5*MU from all the other lab’s results should be identified as apparent outlier.
d. Pass/fail limit for lab alignment should be defined as X*MU (X is TBD) as baseline. MU value is the expanded MU for BHH (defined in Annex of TR38.870).
e. The summation form for TRP and TRS lab alignment should keep consistent during the calculation process of TRP TRS lab alignment from each company i.e. sin weights approach. Only traditional approach (15-degrees TRP and 30-degrees TRS) should be used during lab alignment activity to reduce unnecessary uncertainty.
f. The timeline of AC alignment activity is in [R4-2315843R4-2313895]. How to treat late submission results and confirm the alignment: TBD
8. Test lab procedures:
0. LAD delivery scheme 
1. Decide LAD delivery scheme after all the test lab and LAD information being confirmed (after the confirmation of volunteered labs and LADs).
0. LAD measurement time in each test lab: finalize LAD measurement within [5] workdays, and deliver to next lab ASAP with LAD delivery In/Out information shared in reflector.
0. Encourage test labs to share resulting combined MU based on their own systems.

· Recommended WF
· agreeable

Issue 2-1-3: Lab alignment for 2Tx in Rel-18
· Proposals
· Proposal 1: If lab alignment campaign and performance requirement are introduced for non-coherent UE , only fixed TPMI=2 configuration shall be used. (CAICT)
· Recommended WF
· TBA

Sub-topic 2-2 RC Harmonization and lab alignment 
Issue 2-2-1: updated Working procedure for Rel-18 RC harmonization  
· Proposals
· Proposal 1: Approve the following working procedure for Rel-18 RC harmonization activity:
Working procedure for Rel-18 RC harmonization Campaign 
1. [bookmark: _Hlk143779289]The purpose of RC harmonization activity is to ensure there is no unexpected lab deviation among different RC systems, and the RC harmonization results will be compared with reference AC results to demonstrate the gap between different methodologies.
2. RC Test labs are invited to participate to the lab alignment and test campaign, the following conditions should be fulfilled:
a. Participating lab should have Reverberation chamber(s) ready to support testing based on latest version of 3GPP TR 38.870.
b. Participating lab should have sufficient test resource to provide the on-time measurement results without delay.
3. Test methodology:
a. Test plan: latest version of 3GPP TR 38.870;
4. Test cases for RC harmonization Campaign:
a. Test bands: n28, n78; one low and one high band is sufficient
b. Number of test cases per band for each scenario: left and right at low/mid/high channel, total 6 test cases; 
c. Use scenario: Both Head and Hand phantom (Talk mode, BHHL and BHHR) and Hand phantom only (Browsing mode, HL and HR);
d. Hand Phantom: Wide Grip hand 
e. Operation mode: NR Standalone (SA)
f. Number of Tx chain: UE with 1Tx.
5. Harmonization Devices:
a. Same devices as Rel-18 AC lab alignment activity, listed in section 6
6. Test results submitting:
a. Using the same worksheet template in [R4-2313893] to submit the measurement results
b. The measurement results of LADs should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
c. Results shall not be shared between labs before submitting to RAN4 meetings or sharing in the RAN4 reflector. Comparison and lab alignment analysis should only be done in RAN4 meetings/discussions
7. Harmonization RC alignment criteria:
a. The pass/fail criteria are defined as the maximum deviation between the measurement result and the reference value
b. Confirm the reference value derived based on the per-band per-PC averaging approach (linear average with dBm) of harmonization data pool from ≥3 labs submitted before end of [RAN4#108bis109] as baseline.
c. Apparent outliers will not be considered in averaging process. The value deviates over 1.5*MU from all the other lab’s results should be identified as apparent outlier.
d. Pass/fail limit for RC lab alignment should be defined as X*MU (X is TBD) as baseline. MU value is the preliminary expanded MU for talk mode and/or browsing mode (to be defined in RAN5).
e. The timeline of RC harmonization activity is in [R4-2315843R4-2313895]. How to treat late submission results and confirm the alignment: TBD
8. RC vs AC test methods harmonization criteria:
a. How to compare the RC measurement results with AC measurements results is FFS, e.g.;
i. Option 1: comparison of each reference value of RC and AC as starting point (per-band per-PC averaging approach (linear average with dBm) of each method from all test labs those are not apparent outliers)
1. The stand Dev of each test method should be studied and potentially considered
ii. Option 2: other approaches are TBA
b. The pass/fail criteria are defined as TBD
9. Test lab procedures:
a. LADs delivery scheme 
1. LAD delivery scheme will be decided after the confirmation of all the RC volunteer labs.
2. LAD delivery will also consider the parallel Rel-18 AC lab alignment activity to ensure efficiency
b. LAD measurement time in each test lab: finalize LAD measurement within [5] workdays, and deliver to next lab ASAP with LAD delivery In/Out information shared in reflector.
c. Encourage test labs to share resulting combined MU based on their own systems

· Recommended WF
· agreeable
· RC vs AC harmonization criteria can be updated, if agreements achieved in issue 2-2-2

Issue 2-2-2: RC vs AC harmonization criteria 
· Proposals
· Proposal 1: a RC lab is considered harmonized with AC if the differences between TRP and TRS values from the RC lab and AC averages across participating AC labs come within the AC MU values for all lab alignment devices. (Huawei)
· Recommended WF
· FFS

Sub-topic 2-3 Rel-18 TRP TRS measurement campaign 
Moderator: below working procedure merge the proposals in  R4-2316835 ,R4-2315842 and R4-2315384 .
Issue 2-3-1: updated working procedure for Rel-18 TRP TRS Performance Test Campaign to define requirements
· Proposals
· Proposal 1: Approve the following working procedure for Rel-18 TRP TRS Performance Test Campaign.
Working procedure for TRP TRS Performance Test Campaign to define requirements
1. The purpose of Test Campaign is to collect devices results for the permitted labs after lab-alignment activity for the definition of the FR1 TRP TRS requirements.
2. Test cases for TRP TRS Performance Test Campaign:
a. Test bands: Complete full coverage of band n1, n28, n41, and n78 requirements, including performance objectives which were not concluded in Rel-17; 
b. Use scenarios: Both Browsing mode (Hand phantom only), i.e., Hand Left and Hand Right; and Talk mode (head and hand phantom), i.e., BHHL and BHHR
c. Hand Phantom: Wide Grip Hand as first priority, PDA hand is not precluded if sufficient devices are available
d. Operation mode: SA with 1Tx  as phase 1, study how to specify EN-DC requirements based on SA measurement results. SA with 2Tx as phase 2. 
3. Commercial Device (Smartphone) selection criteria for TRP TRS Performance Test Campaign:
a. DUT size: Size 1(width >72mm and ≤92mm) as 1st priority; Size 2 as 2nd priority  
b. DUT capability: support for Bands those listed in the WID is preferred, but devices supporting only a subset of the above bands can equally be used in the measurement campaign for such supported bands
c. Year of production: from second-half 2021 to 2023
d. The following selection criteria can also be considered:
1. Year of production: [2020-2023]
2. Brand variety
3. Price range (to capture different price segment, including High/Mid/Low-end products)
4. Popularity
5. Number of bands supported
e. Power Class: PC2 and PC3. For bands support both PC2 and PC3, focus on PC2 measurements, but both PC2 and PC3 requirements are needed. For PC3 bands, only PC3 requirements.
4. Devices provisioning:
a. Any 3GPP member can work with the selected test labs to provide devices to the aligned test labs (each test lab shall provide a single measurement result set for repeated UE model into RAN4 measurement campaign data pool)
i. A test lab shall measure only one UE model in case different samples are provided
ii. FFS for the same Same UE model with supporting different set of bands can be measured
b. Logistical aspects for devices provisioning to the labs are TBD]The 3GPP member providing the DUTs should contact one of the selected labs to check their availability to receive the DUTs and define together the related provisioning aspects
i. Any issue should be reported to the rapporteur in a timely manner to discuss for an alternative solution
5. Test results submitting:
a. RAN4 Secretary will cover the role of the trusted and neutral third party for the whole procedure
b. UE information disclosure: laboratories use the spreadsheet in [TBD] to submit the device information. The UE information should NOT CORRELATED to the order in the measurement data submitted by the same lab for the respective list of devices in c, i.e., the UE mode order in the list should be Randomly disrupted.  At least all the supported bands information and production year should be shared 
i. Other UE information disclosure (and thresholds) depends on further discussions, which can be added based on agreements. 
c. Using Laboratories use the same worksheet template in [R4-2315844] to submit the measurement results for Rel-18 3GPP TRP TRS performance data pool.
d. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed):
i. The minimum number of submitted devices from each lab is 3
ii. Volunteer labs provide the device information sheet ONLY to the RAN4 Secretary and the sheet used to submit measurement results to the rapporteur
e. The allowed maximum number of submitted devices from each lab is [15] (depends on how many test labs will join the activity) with a minimum of 3 devices.
f. RAN4 Secretary ONLY publishes to 3GPP RAN4 the following summary of statistical information after anonymizing the sensitive UE information data, i.e., UE model name and vendor name:
i. Total number of devices
ii. Total number of models
iii. Total number of devices vendors
iv. Percentage of devices per vendor
v. Percentage of devices per Power Class
vi. Percentage of devices per each supported band
vii. Percentage of devices per year of production
viii. [Percentage of the devices that are certified by at least one of certification bodies as following: PTCRB ,GCF, and NAL/CTA (Chinese network access licensed test)] 
ix. Percentage of devices that are commercially available
g. Only the results from aligned labs will be considered for specifying requirements
h. The progress in each lab are encouraged to be shared on the RAN4 reflector (for example - how many devices have been measured and on which bands)
i. Information of the devices that are going to be measured should be shared with the RAN4 Secretary as soon as available in order to monitor the achievement of the thresholds defined in point 8.b.
i. TRP and TIS Quantities based on Clenshaw-Curtis quadrature and traditional sin(theta) weighting are both allowed during Performance campaign test. This information should be provided from each test lab when submitting measurement results.
6. Specify TRP TRS requirements:
a. Only the results from aligned labs will be considered for specifying requirements
b. Requirements will not be specified if the following thresholds are not satisfied by the devices pool:
i. Minimum number of devices for each band, each device size, each power class: 40 (this number is in line with Rel-17)
ii. Minimum number of device models: 30
iii. Minimum number of devices' vendors: 5
iv. Percentage of devices from second-half 2021 to 2023: 100%
v. Percentage of the devices that are certified by PTCRB / GCF / NAL-CTA: 100%
vi. Percentage of devices that are commercially available: 100%
c. Minimum number of devices for defining requirements for each band, each device size, each power class (requirement will not be specified if measurement results is less than): [30]  
d. Performance part of the work will proceed in a contribution-driven manner. Start with one type of device width requirement which is most efficient to collect enough results in Rel-18.
e. Method of limits derivation: per-band Data driven approach
f. The value at [TBD] percentile of the CDF curve could be selected as the starting point for minimum requirement discussion
g. For a band supporting both PC2 and PC3, study how to specify PC3 requirement based on finalized PC2 requirements, e.g.,with [X]dB offset 
7. Test lab procedures
a. Tx Antenna switching: for 1Tx configuration, test lab should make sure the testing follows the TAS OFF procedure, i.e., lock the UE antenna to primary antenna yielding best TRP. Assistants from OEM may be needed. 
b. Time-averaging algorithm (TAA): if supported by UE, test lab should make sure TAA should be disabled. Assistants from OEM or chipset vendor may be needed. TAA OFF can be based on UE declaration.
c. For UE support PC2 at one band, PC3 testing is not needed.
d. Newly defined Coarser measurement grid in TR 38.870 can be used for TRP TRS measurement

· Recommended WF
· confirm bullets in 4 and 5 based on previous agreements. Further discuss new bullets proposed in 6. 

Moderator: last meeting, agreed in WF: 
Measurement campaign Template for collecting measurement data of Rel-18 measurement campaign to define Rel-18 TRP/TRS requirements 
· Agreements
· Update Rel-17 template with adding both browsing mode and talk mode as Rel-18 measurement campaign template
· The template will be concluded in RAN4#108bis
Neutral observer to manage UE information collecting and disclosure activity for Rel-18  
· Agreements
· RAN4 Secretary will cover the role of the trusted third, neutral party to collect the UE information (without measurement data) provided by the laboratories and forward them to the RAN4 group after anonymizing the sensitive UE information data, e.g., UE model name and others. 
· The Neutral party/RAN4 secretary ONLY publishes to 3GPP RAN4 the following summary of statistical information. 
	1. Total number of devices

	2. Total number of models

	3. Total number of devices vendors

	4. Percentage of devices per vendor

	5. Percentage of devices per Power Class

	6. Percentage of devices per each supported band

	7. Percentage of devices per year of production

	8. [Percentage of the devices that are certified by at least one of certification bodies as following: PTCRB ,GCF, and NAL/CTA (Chinese network access licensed test)] 

	9. Percentage of devices that are commercially available


Actions from volunteer labs  
· Agreements
· Volunteer labs should fill out a Device Pool Information sheet separate from the sheet used to submit measurement data from the campaign.
Rel-18 device information template for Device information collection and statistical analysis 
· Agreements
· RAN4 further check the content proposed in R4-2311229.   
· The device information template for Device information collection and statistical analysis should be concluded in RAN4#108bis meeting. Confirmation from all volunteered test lab is needed to ensure UE information disclosure can be executed. 
Thresholds to be satisfied in order to validate the statistical relevance of the devices pool 
· Agreements:
· RAN4 further study reasonable setting of thresholds for the provided statistical metrics
· RAN4 need to discuss how to address the case in which a threshold (or more) will not be satisfied 
Adopting the same UE information collection approach for both Rel-18 TRP/TRS and Rel-18 MIMO OTA 
· Agreements
· The same UE information collection approach from Rel-18 TRP/TRS can be applied for FR1 MIMO OTA
· The threshold value can be discussed separately 
· FFS for FR2 MIMO OTA

Issue 2-3-2: Rel-18 device information template for Device information collection and statistical analysis 
· Proposals
· Proposal 1: Create a consolidated table within the Device Information Sheet, for volunteer labs to enter the Vendor Name and Model Name, along with additional details such as power class supported, bands supported, year of production, GCF/PTCRB certification status, commercial availability, with the understanding that this is shared to the neutral party/RAN4 secretary ONLY. (Apple, Telecom Italia)
· Proposal 2: The device pool information sheet shall be created so that the order of listing of the Vendor/Device Model names and all associated details can be scrambled i.e. NOT CORRELATED to the order in the measurement data shared submitted by the same lab for the respective list of devices. (Apple, Telecom Italia)
· Proposal 3:  review the template in R4-2311229 and check whether update is needed. Collect feedback from volunteer labs. (moderator)
· Recommended WF
· P1, P2 and P3. A template to collect UE information is needed.

Sub-topic 2-4 Rel-18 TRP TRS requirements work 
Issue 2-4-1: Timeline for Rel-18 AC lab alignment and RC harmonization activity 
· Proposals
· Proposal 1: Approve the updated schedule for Rel-18 TRP TRS measurement activities and requirement development, as following:
Updated Time plan for Rel-18 AC Lab Alignment Campaign and RC Harmonization Campaign
1. [bookmark: _Hlk142606057]Confirm the additional LADs in RAN4#108 meeting, and formally start the testing of two more LADs  after RAN4#108 meeting.
2. The UE measurement and delivery order should be: vivo (both AC and RC, Dongguan) → OPPO (both AC and RC, Dongguan) →SGS Wireless (AC, Shenzhen) →Huawei (both AC and RC, Shanghai) →CAICT (both AC and RC, Beijing) →SRTC (both AC and RC, Beijing) → Sporton USA (AC, Milpitas, CA) → Element Materials Technology (AC, San Jose, CA) →Samsung (RC, KR) →EMITE (RC, Murcia Spain)
3. Target to finalize the tests in China before the end of RAN4#108bis 109 meeting (17th Nov 202318th Oct 2023), deliver the devices to labs in US, KR and Spain, finalize all the tests before the end of RAN4#109 110 meeting (06th Feb 202417th Nov 2023).	
a. Initial AC lab alignment conclusion can be made in RAN4#108 109bis meeting, if ≥3 labs can finalize the measurements.
b. Participating lab should have sufficient test resource to provide the on-time measurement results without delay.
4. Templates for measurement campaign to collect measurement results and UE information data (i.e. different template for measurements and device information) should be finalized no later than RAN4#109 meeting.
5. FULL AC alignment activity should be completed in RAN4#109 110 meeting
6. Device provisioning aspects, device information disclosure framework should be concluded before RAN4#109110
7. Preliminary device information related thresholds should be defined before RAN4#109 110 meeting
8. Browsing mode measurement campaign and requirements: measurement campaign and data collection started in RAN4#109 110 meeting.
9. Talk mode measurement campaign and requirements: measurement campaign and data collection started in RAN4#109 110 meeting. 

· Recommended WF
· should be agreed. based on latest measurement progress

Issue 2-4-2: number of receive antennas for n1 or n3 requirements 
· Proposals
· Proposal 1: for band n1 or n3 or in general for any bands, TRS requirements should be derived according to the number of receive antennas. (Huawei)
· Recommended WF
· need further discussions
· Number of antennas for each UE may need to be reported, when define n1 requirements

