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Introduction
This is the ad-hoc minutes for Rel-18 FR1 TRP TRS WI, chaired by Ruixin Wang (vivo).
Topic #1: Anechoic Chamber (AC) test methodology
Sub-topic 1-1 NR bandwidth for TRP/TRS OTA testing 
Moderator: the reply LS to GSMA has been sent in R4-2309813, in the LS, TRS requirement scaling has been informed
RAN4 has discussed the test parameters for TRP and TRS OTA testing, and makes the following agreements:
· RAN4 decided to keep current test parameters for NR FR1 TRP and TRS OTA testing, to ensure that the output power and sensitivity performance for conducted testing and radiated testing are performed with the same testing parameters, which would be helpful for RF and OTA performance comparison.
· The RAN4 TRS requirements can be scaled to 10MHz or 20MHz based on the equations in Table 7.3.2-1b in TS 38.101-1 for REFSENS. 
· RAN4 assumes other aspects impact the above scaling factor, e.g. UE spectrum flatness may also need to be considered.
· RAN4 is still discussing whether to add an additional set of test parameters (10MHz for low bands, 20MHz for high bands) for NR bands in the Annex part of TR 38.870 for information.  

Issue 1-1-1: NR channel bandwidth for test and requirements  
· Proposals
· Proposal 1: RAN4 should not introduce additional test conditions or requirements for CBWs other than ones already agreed in the work item. (Apple)
· Recommended WF
· TBA

Discussions:
Apple: considering the reply LS has been sent to GSMA, we would suggest to make decision this meeting. 
Samsung: we also support proposal 1.

Agreements:
RAN4 confirm not to introduce additional test conditions or requirements for CBWs other than ones already agreed in the work item. 
Sub-topic 1-2 Single-layer UL-MIMO TRP test method
Moderator: In TS 38.212, for non-coherent UE, TPMI index 2 can be supported if fullpowerMode1 is supported. For fully coherent UE, all the TPMI 2~5 can be supported. For non-coherent UE does not support fullpowerMode1, then only TPMI 0 and 1 supported.
Table 7.3.1.1.2-5: Precoding information and number of layers or Second Precoding information, for 2 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, or if transform precoder is disabled, maxRank = 1, and and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports or Second Precoding information, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



Besides, as reviewed in contribution R4-2312567, in previous agreed WFs [R4-2309901, R4-2217459, R4-2220610, R4-2302917, R4-2305904], the following aspects have been concluded in RAN4:
a) RAN4 agreed 2Tx antenna transmitting simultaneously is the first priority test method for UL-MIMO TRP. Besides, TPMI indexes 0 and 1 individually has been excluded.
b) RAN4 also agreed if UE support 1 full power PA of 26dBm then UE shall be verified under 1Tx case

Issue 1-2-1: Test method for non-coherent UE support fullpowerMode1 just single TPMI index 2
· Proposals
· Proposal 1: For non-coherent UE support fullpowerMode1 TPMI index 2 and has no full power PA of 26dBm, 2Tx antenna transmitting simultaneously TRP testing should be performed with TPMI index=2. [Qualcomm, vivo, CAICT, Xiaomi]
· Recommended WF
· Proposal 1

Recommended agreements:
For non-coherent UE support fullpowerMode1 TPMI index 2 and has no full power PA of 26dBm, 2Tx antenna transmitting simultaneously TRP testing should be performed with TPMI index=2.

Discussions:
Apple: in our understanding the agreement is not fully aligned with RAN1 spec. for non-coherent UE, UE can still transmit sub-set of other TPMIs. We should reflect all the TPMIs for UL-MIMO radiated power. 
Qualcomm: in our understanding, for non-coherent UE there is no other choice to support 2Tx condition. This is the only configuration we can select to support agreed 2Tx simultaneously testing.
OPPO: we share same understanding with QC. Support the proposal. 
Apple: we suggest to send a LS to RAN1 for the understanding of configuration of TPMI close to real field. 
Huawei: we should also include partial coherent UE in the LS. 
Samsung: TPMI index for each UE type is quite clear in RAN1, no need to send LS to RAN1. We prefer single TPMI approach. 
Qualcomm: for non-coherent UE, TPMI index 0 and 1 are supported. But for 2Tx transmission, index 2 is the only way.
Chair: To apple, TPMI index 1 and 0 can support 2Tx transmission? 
Apple: NO 
Apple: our intention is to present the best performance of UL-MIMO radiated power. We do not think previous RAN4 agreement is a good way to go, given UL-MIMO performance is not properly shown with single TPMI.
TIM: we support sending a LS to RAN1 for clarification. 
OPPO: for PC2 non-coherent UE with fullpowerMode1, only index 2 can support this power class with 2Tx.  
Apple: We believe collecting input from RAN1 would be helpful. 
VDF: we also support to send LS to RAN1 
MVG: we also support LS for asking information 
TMO: we also support LS to RAN1. 
Samsung: not clear about the LS benefits. The supported index for UL-MIMO is quite clear to RAN4. 
QC: We share same view as Samsung: for PC2, non-coherent UE support index 0 and 1? 

Moderator proposed agreements:
If needed, send LS to RAN1 to confirm the supported TPMI index for PC2 non-coherent UE and partial coherent UE, which index can support 2Tx antenna transmitting simultaneously. 
For non-coherent UE support fullpowerMode1 TPMI index 2 and has no full power PA of 26dBm, 2Tx antenna transmitting simultaneously TRP testing should be performed with TPMI index=2.

Moderator: for coherent UE supporting multi-TPMI, there were the following two main approaches in WF R4-2309901:
Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: multi-TPMI based test method 
· Option 1a: 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;
· FFS the naming of the performance metric, e.g. keep current  or new term as combined-TRP 
· Option 1b: measure TRP under each TPMI with index 2~5, no further processing. How to define requirement is FFS. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 1c: 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;
· FFS the naming of the performance metric, e.g. keep current  or new term as FR1 averaged spherical coverage;
· Option 2: single-TPMI based test method
· Option 2a: measure TRP under TPMI index 2, as the final performance metric;
· Option 2b: measure TRP under one of TPMI index within 3~5, as the final performance metric; 
Agreement: 
· RAN4 target to finalize this issue on TPMI index selection for single layer UL-MIMO in August RAN4 meeting
· Encourage companies to bring more analysis on test time and performance impact with above list candidate options. 

Moderator: Option 2a and Option 3 are new proposals in this meeting.
Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: multi-TPMI based test method 
· Option 1a: 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; [CAICT, vivo: prefer index 2&3 or 4&5] [Qualcomm: 1a as baseline] [OPPO: all TPMI 2~5] [MTK]
· FFS the naming of the performance metric, e.g. keep current  or new term as combined-TRP 
· Option 1b: measure TRP under each TPMI with index 2~5, no further processing. How to define requirement is FFS. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 1c: 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; [Apple] [OPPO: can be considered in new WI] [CAICT: can be captured in TR as informative method]
· FFS the naming of the performance metric, e.g. keep current  or new term as FR1 averaged spherical coverage;
· Option 2: single-TPMI based test method
· Option 2a: measure TRP under TPMI index 2, as the final performance metric; [Samsung]
· Option 2b: measure TRP under one of TPMI index within 3~5, as the final performance metric;
· New Option 2c: use a single TPMI index selected between 2 and 5 to test two antenna performance with [15% ile] of EIRP CDF as an OTA metric; [Huawei]
· New Option 3: UE-declaration-based test method 
· Option 3a: At least measure TRP under TPMI index 2. Other additional TPMI index (e.g., index 3, or index 3,4,5) can be measured based on UE declaration, then averaging process is needed. FFS averaging details. [vivo]
· New Option 3b: the TRP requirement based on Option 1c, the verification can be declared by UE for certification, for testing time saving (even with single TPMI). [Apple]
· New Option 3c: the TRP requirement defined based on Option 2a. the verification can be declared by UE for better performance. (even with full TPMI index 2~5, besides, O1c can be considered).  [Samsung]
· New Option 3d: the TRP requirement defined based on Option 1a. the verification can be declared by UE for better performance. (O1c can be considered).  [CAICT]
· Recommended WF
· Option 1a or new option 3 for Rel-18 TRP baseline method and future requirements
· Option 1c as informative method for further study in Rel-18 

Moderator summary: 
	method
	Pros
	Cons

	Single TPMI index 2 
(Option 2)
	· Fast and simple
	· Bad Statistical properties, other UE TPMI performance can not be considered/reflected.
· Deviation caused by correlation and phase difference can not be averaged.

	Two TPMI index 2&3 or 4&5 with averaging 
(simple option 1a)
	· Consider UE performance with other TPMI index;
· Better Statistical properties; 
· Could have nearly the same results as four TPMI index method (2~5) (simulated and measured in [R4-2313775][R4-2313628])
	· A bit more testing time increased if measure two TPMIs per each grid. (worst case would be twice the testing time (with proper SW integration, significant test time improvements can be achieved)) 
· Test software may need update, if output two TRPs at each grid.

	Four TPMI index 2~5 with averaging 
(full option 1a)
	· Better Statistical properties; might be the same Statistical properties as simple option 1a;
	· Longest testing time;
· Test software may need update, if output four TRPs at each grid;
· Risk of complexity for future 4Tx devices;
· Repeated testing but same results as simple option 1a

	Four TPMI index 2~5 with best EIRP per grid 
(Option 1c)
	· Better Statistical properties; 
· Might be close to field condition (companies have different views);
· TRP could be 2dB higher than pure two ports sum 

	· New metric as FR1 spherical coverage
· Longest testing time;
· Test software may need update, if four TRPs at each grid;
· Risk of complexity for future 4Tx devices
· Risk of applicability on other EIRP/TRP-based regulatory/radiated emission test cases;

	UE-declaration-based approach 
(Option 3)
	· Flexible test configuration

	· Risk of Performance gap w or w/o UE declaration. 



Discussions: 
Samsung: we can not exclude single TPMI. Single TPMI should be the baseline or UL-MIMO TRP 
Apple: in our analysis, option 1c can present best performance. 
Huawei: we think similar approach as FR2 can be adopted for beam performance verification. 
Apple: we can consider option 3 as a way to go. We define the requirement based on O1c, the verification can be declared by UE for certification, for testing time saving.
QC: option 3 can be considered. 
CAICT: prefer option 1a. 
OPPO: We should not consider option 3, given this is not a proper way for certification purpose. 
MVG: We support option 1c. 
TMO: also support option 1c; 
R&S: we are OK with 1a and 1c, with 1c as a preference. 

Issue 1-2-3: Testing time consideration for fully Coherent UE, under multiple TPMI index 2~5 condition  
· Observations and Proposals
· Observation 1: TRP testing with multi-TPMI with 4 indexes increases the test time by 53% in case of single channel testing and 80% in case of 3 channels testing. (R&S, Keysight)
· Observation 2: TRP testing with multi-TPMI implies a test time increase in the range of 18-53% in case of single channel testing and 27-80% in case of 3 channels testing. (R&S, Keysight)
· Observation 3: By mathematical estimation, the increased test time of TRP for all the four TPMI index is around 80 seconds. (OPPO)
· Observation 4: Anechoic chambers with 2 s stabilization time will have a test time increase of 27-46% for non-coherent UEs, i.e.: 27% for single channel test and 46% for 3 channels test. (Apple)
· Observation 5: Anechoic chambers with 2 s stabilization time will have a test time increase of 40-69% for full-coherent UEs, i.e.:  40% for single channel test and 69% for 3 channels test. (Apple)

· Proposal 1: Take the test-time increase for the multi-TPMI based test method into account. (R&S, Keysight, vivo)
· Proposal 2: If test time issue would be addressed and multiple TPMIs would be tested, select the option with performance benefits, i.e. the envelop TRP of several TPMIs as a new TRP variant. (Samsung)
· Recommended WF
· TBA

Issue 1-2-4: For single TPMI index case (coherent UE, and non-coherent with fullpowerMode1), how to treat the phase variation  
· Proposals
· Proposal 1: The variation of TRP with the single TPMI based test method is similar to TxD case. RAN4 to study and solve the variation of TRP issue for non-coherent/partial-coherent 2Tx and TxD testing. The following options could be considered. [Qualcomm]
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement 
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.
· Proposal 2: When there is only one usable TPMI index for 2-TX TRP, the deviation caused by correlation and phase difference need to be considered. [MTK]
· Proposal 3: fullpowerMode1 is equivalent to TxD in terms of TRP measurement and can be treated as such. (Huawei)
· Recommended WF
· TBA

Issue 1-2-5: ECC impacts on 2Tx-TRP  
· Observations and Proposals
· Observation 1: Antenna ECC has direct mathematical relation to the TRP values corresponding to the 6 TPMI indices, and can be calculated based on these TRP values when they are known. (MTK)
· Observation 2: Root Sum Square of the 2-TX TRP devations of the two pairs of 2-TX TRP values, corresponding to TPMI index = 2 and 3 as well as TPMI index = 4 and 5, is directly proportional to antenna ECC. (MTK)
· Observation 3: The antenna correlation determines the scale of the deviation of 2-TX TRP values. (MTK)
· Observation 4: The worst 2-TX TRP deviation is directly proportional to ECC. (MTK)
· Observation 5: Improving the antenna correlation as well as ECC can help to reduce the 2-TX TRP deviation. (MTK)
· Proposal 1: RAN4 needs to take into account the 2TX-TRP deviation introduced by antenna correlation and further study for suitable solutions. [MTK]
· Recommended WF
· TBA
Discussion: 
Huawei: this should not be considered specifically.
Apple: agree with Huawei. There are many other aspects impacted 

Sub-topic 1-3 TxD test method
Moderator: it was agreed 2Tx antenna transmitting simultaneously is the first priority for TxD.
Issue 1-3-1: 2Tx-based TxD test procedure (first priority) 
· Observations and Proposals
· Observation 1: in classical test system with separated link antenna and measurement antenna, the measured TRP of link antenna direction oriented UE TxD implementation would be much worse than its real performance. (Samsung)
· Proposal 1: TRP test method of TxD should accommodate such UE implementation which enables TxD by optimizing phase relationship between antenna ports dynamically depending on the detected AoA of downlink signal in order to achieve better uplink transmission power for that AoA. (Samsung)
· Proposal 2: Feedback from TE vendors and OEMs is needed if it is acceptable to restrict TxD OTA test only with dedicated test system with combined link and measurement antenna. (Samsung)
· Proposal 3: The basic test method for TxD and RxD should be consistent, with all the active antennas ON. (vivo)
· Recommended WF
· P3 as starting point. Further discuss and confirm based on more measurements and simulations

Discussion: 
Apple: TxD can not be configured by network, this is transparent to BS. To minimize UE implementation impacts, we support a test mode for TxD. 
Samsung: unless we consider dedicated test system, we should choose a test mode. TxD and RxD are not comparable., RxD does not consider phase issue.
E///: agree with Apple. 
TMO: not clear about the test mode for TxD; in the test mode, the UE can keep 2Tx configuration? 
Samsung: YES. The intention is locking TxD condition for 2Tx.
MVG: regarding specific test system, it is not able to use current system. 
R&S: it is possible from test system perspective. Use measurement antenna as link antenna within current test system could work. 
Apple: for test mode of 2Tx TxD, it would be feasible but not all UE can support. 
Huawei: agree with Apple
E///: agree with apple 
OPPO: RAN5 has no test mode for TxD. Why we need it for OTA TRP? What is the test mode being like?
Qualcomm: we prefer not to introduce TxD mode 
Samsung: RAN5 LS is only for conductive test cases. For OTA it is different. Regarding some UE can not support stabilize phase, this is the reason to adopt test mode to control the phase. This is a generic way to resolve phase issue of TxD 
Qualcomm: if 1Tx-based test mode is selected, it should be used for both TxD and UL-MIMO. 
Apple: what test mode is? 
Keysight: is the test mode only for UE, or needs support from TE side. Is this 2Tx or traditional 1Tx test mode. 
Qualcomm: we are talking about 1Tx test mode. 
Samsung: we are talking about 2Tx test mode. 2Tx test mode is only UE function, which could make UE be simpler to disable some functions. Test mode is pure UE side configuration. 
Apple: what detailed test mode we are talking about, we should clearly separate different test modes, like 2Tx phase control/locking, 2Tx antenna switch locking or others? 

Issue 1-3-2: 2Tx-based TxD Test mode (Test mode is low priority)
· Observation and Proposals
· Observation 1: 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. (Apple)
· Proposal 1: A new 2Tx test mode can not resolve/stabilize the phase variation, given this could be physical basis of some TxD implementation approaches. RAN4 should not consider the test mode to resolve/stabilize the phase variation. [vivo, Qualcomm]
· Proposal 2: Regarding the 2Tx test mode to resolve/stabilize potential 2Tx-based TxD phase variations, feedback from OEMs/chipset vendors would be helpful [Keyisght]
· - on the nature of the phase variations, 
· - whether the development of the test mode is strictly applicable to OEMs/chipset vendors and/or 
· - whether such test mode needs involvement from TE vendors
· Proposal 3: 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 4: Testing TRP of TxD UE with test mode is the only choice if considering both UE implementation agnostic and test system agonistic. (Samsung)
· Recommended WF
· TBA

Issue 1-3-3: RAN4 study on UE performance fluctuation of 2Tx-based TxD
· Proposals
· Proposal 1: RAN4 to study and solve the variation of TRP issue for non-coherent/partial-coherent 2Tx and TxD testing. The following options could be considered. (Qualcomm)
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement.
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.
· Proposal 2: RAN4 should not make any further conclusions related to TxD TRP testing. If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define. (Apple)
· Recommended WF
· TBA

Issue 1-3-4: TxD test procedure for 1Tx-based TxD measurement (low priority) 
· Proposals
· Proposal 1: Measurements of TRP per antenna and summed up as a post-processing steps. A new test mode is needed. (Apple)
· Recommended WF
· TBA

Sub-topic 1-4 CA test method
Issue 1-4-1: 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 1-4-2: 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
· TBA

Issue 1-4-3: CA test procedure 
· Proposals
· Proposal 1: Review and endorse the CA test procedure in Appendix of R4-2311056. (Huawei)
· Proposal 2: Test procedure similar to EN-DC TRP/TRS test can be adopted for FR1 2-band CA as starting point. (vivo)
· Recommended WF
· TBA

Topic #2: Reverberation Chamber (RC) test methodology
Sub-topic 2-1 RC test method
Issue 2-1-1: Loading of Reverberation Chambers for OFDM signal measurements
· Proposals
· Proposal 1: For the measurement of OFDM technologies, each lab could load their RC so that the instantaneous channel provided by each mode-stirring sample meets the agreed-upon performance metric (such as peak-to-average power ratio, RMS delay spread or level-crossing rate, which would require further study) corresponding to the 3GPP channel model with the longest delay spread. In this sense, inter-laboratory comparisons could be carried out to study the proposed metric values. (EMITE, NIST)
· Recommended WF
· TBA
Moderator: skip above topic in ad-hoc session
Sub-topic 2-2 Harmonization and lab alignment activity for RC
Issue 2-2-1: RC harmonization template 
· Proposals
· Proposal 1: Approve the worksheet R4-2312564 as template to collect Rel-18 RC harmonization measurement results. (vivo)
· Recommended WF
· Update the template in R4-2312564 with adding phantom information
[image: ]

Discussion:
Bluetest: OK to include phantom information in the worksheet. But whether use that information for harmonization should be FFS.
R&S: hand phantom has performance impacts. Not head. The above information could be valuable.
Apple: it is important to ensure the phantoms are stable in each lab. Should we also consider head phantom information?
R&S: head is not an issue, may not needed. 

Agreements:
· Update the template in R4-2312564 with adding above hand phantom information

Moderator: it was agreed in WF R4-2305904 that RC harmonization will identify both RC labs alignment performance and RC vs AC test method harmonization:
Issue 3-2-2: Harmonization framework  
Agreements: 
· Approve the following high-level aspects for RC harmonization activity. 
· At least 3 RC labs are needed to ensure the statistical analysis of harmonization outcome
· Adopt the same test cases of Rel-17 and/or Rel-18 AC lab alignment activity, i.e. same bands, browsing mode and/or talk mode 
· The measurement results will be analyzed to show RC lab alignment outcome and RC vs AC harmonization conclusion
· FFS whether same pass/fail limits for RC lab alignment and RC vs AC harmonization
Issue 2-2-2: 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. 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 AC lab alignment activity
6. Test results submitting:
a. Using the same worksheet template in [R4-2312564] 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#108bis] 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 preliminary expanded MU for BHH (to be defined in RAN5).
e. The timeline of RC harmonization activity is in [R4-2312569]. 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
· TBA

Discussions: 
Apple: RAN4 should study how to handle different MU of AC and RC, and UE impact
Qualcomm: how to define reference value? 
Chair: follow the traditional approach to generate a averaged reference for each test method, AC and RC.
Keysight: would be problem to just compare reference value of different methods. The stand Dev of each method should be potentially considered. 
CAICT: not clear about the difference between pass fail criteria and pass fail limit. 

Agreements:
· Endorse above updated working procedure.

Issue 2-2-3: RC harmonization criteria 
· Proposals
· Proposal 1: Refine the Rel-18 RC harmonization activity guideline on the harmonization criteria that the reference value of LADs are derived based on the per-band per-PC averaging approach (linear average with dBm) of harmonization data pool from both RC volunteer labs and AC volunteer labs. (OPPO)
· Recommended WF
· TBA

Topic #4: Rel-18 TRP TRS requirements
Sub-topic 4-1 Rel-18 AC lab alignment activity
Issue 4-1-1: LAD information update
· Proposals
· Proposal 1: update the LAD information as following (talk mode). 
· Confirm the following devices for Rel-18 AC lab alignment activity. 
	Rel-18 Lab Alignment Device (LAD)

	Volunteer lab
	Owner
	Contact
	Note

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

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

	New LAD3
	TBA
	TBA
	For n28 testing. Will be started after RAN4#108

	New LAD4
	TBA
	TBA
	For n28 testing. Will be started after RAN4#108

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



· Recommended WF
· Collect and confirm in this meeting

Discussions:
TIM: we are working with other operators to provide two more devices as LADs. After the meeting, would be available.
Chair: it is valuable to collect the above LAD information ASAP.
TIM: will confirm tomorrow

Issue 4-1-2: 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 from operator for band n28;
6. Test results submitting:
a. Using the same worksheet template in [R4-2312563] 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#108bis] 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 [R4-2312563]. 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
· TBA
Moderator: the above updated working procedure has merged the proposal in R4-2313784.
Agreements:
The above updated working procedure is endorsed. 


Issue 4-1-3: Template for collecting measurement results of Rel-18 AC lab alignment activity 
· Proposals
· Proposal 1: RAN4 adopt the template in R4-2312563 for collecting Rel-18 AC lab alignment measurement results. (vivo)
· Proposal 2: Update the “Lab Information” section of lab alignment data measurement template with additional items pertain to the Hand Phantom used (as depicted in the screenshot below). (Apple)
· Recommended WF
· Update the template in R4-2312563 with adding phantom information
[image: ]

Agreements:
· Update the template in R4-2312563 with adding above hand phantom information

Sub-topic 4-2 Rel-18 TRP TRS measurement campaign to define requirements
Moderator: the updated working procedure for Rel-18 TRP TRS Performance Test Campaign has merged the proposals in R4-2313785 and R4-2311229.
Issue 4-2-1: 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. 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
d. 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 test labs to provide devices to the aligned test labs (test lab shall not provide the measurement results of same UE model into RAN4 measurement campaign data pool)
b. Logistical aspects for devices provisioning to the labs are TBD
5. Test results submitting:
a. UE information disclosure. 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. 
b. Using the same worksheet template in [TBD] to submit the measurement results for Rel-18 3GPP TRP TRS performance data pool.
c. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
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.
e. Only the results from aligned labs will be considered for specifying requirements
f. The progress in each lab are encouraged to share on the RAN4 reflector (for example - how many devices have been measured and on which bands)
g. 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. 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]  
b. 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.
c. Method of limits derivation: per-band Data driven approach
d. The value at [TBD] percentile of the CDF curve could be selected as the starting point for minimum requirement discussion
e. For a band supporting both PC2 and PC3, study how to specify PC3 requirement based on finalized PC2 requirements 
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
Table 1: targeted TRP/TRS OTA requirements for Rel-18
	Aspect / Feature
	TRS 
	1Tx TRP PC3
	1Tx TRP PC2
	2Tx TRP PC2

	
	Browse
	Talk
	Browse
	Talk
	Browse
	Talk
	Browse
	Talk

	AC Test method and prelim MU
	R17
	R18 MU
	R17
	R18 MU
	R17
	R18 MU
	R18
	R18

	n1
	72 < w ≤ 92 mm
	R18
	R18
	R18
	R18
	R18
	R18
	
	

	
	56 ≤ w ≤ 72 mm
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	
	

	n28
	72 < w ≤ 92 mm
	R18
	R18
	R18
	R18
	
	
	
	

	
	56 ≤ w ≤ 72 mm
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	
	
	
	

	n41
	72 < w ≤ 92 mm
	R17
	R18
	R18
	R18
	R17
	R18
	R18 Phase2
	R18 Phase2

	
	56 ≤ w ≤ 72 mm
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p

	n78
	72 < w ≤ 92 mm
	R17
	R18
	R18
	R18
	R17
	R18
	R18 Phase2
	R18 Phase2

	
	56 ≤ w ≤ 72 mm
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p
	R18 2p

	



· Recommended WF
· TBA
Discussion:
Samsung: have concerns on providing the same models into different test labs. Just keep four bands in the table is OK. 

Agreements:
The above updated working procedure is endorsed. 


Issue 4-2-2: Measurement campaign Template for collecting measurement data of Rel-18 measurement campaign to define Rel-18 TRP/TRS requirements 
· Proposals
· Proposal 1: Update Rel-17 template with adding both browsing mode and talk mode as Rel-18 measurement campaign template. (Moderator)
· Recommended WF
· 

Issue 4-2-3: Neutral observer to manage UE information collecting and disclosure activity for Rel-18  
· Proposals
· 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. (Apple, Telecom Italia)
· Proposal 2: The Neutral party/RAN4 secretary ONLY publishes to 3GPP RAN4 the summary of statistical information covering the below. (Apple, Telecom Italia)
	·       Total number of devices

	·       Total number of models

	·       Total number of devices vendors

	·       Percentage of devices per vendor

	·       Percentage of devices per Power Class

	·       Percentage of devices per each supported band

	·       Percentage of devices per year of production

	·      [Percentage of the devices that are certified by PTCRB and GCF] – Pending volunteer lab feedback

	·       Percentage of devices that are commercially available


· Recommended WF
· TBA

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 summary of statistical information. 

Issue 4-2-3: Actions from volunteer labs  
· Proposals
· Proposal 1: Volunteer labs should fill out a Device Pool Information sheet separate from the sheet used to submit measurement data from the campaign. (Apple, Telecom Italia)
· Recommended WF
· TBA

Issue 4-2-5: 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)
· Recommended WF
· TBA

Discussions: 
Huawei: how to avoid the collected UE information with UE real model name is not shared to others? 
Apple: the mode name can not be linked with measurement data even the raw UE information is shared.

Issue 4-2-6: Thresholds to be satisfied in order to validate the statistical relevance of the devices pool 
· Proposals
· Proposal 1: It is proposed to adopt the following thresholds to be satisfied in order to validate the statistical relevance of the devices pool: (Telecom Italia)
· Total number of devices: >= 40 (this number is in line with Rel-17)
· Total number of models: >= 30
· Total number of devices’ vendors: >=5
· Year of production of the devices: from second-half 2021 to 2023
· Percentage of the devices that are certified by PTCRB and/or GCF: 100%
· Percentage of devices that are commercially available: 100%
· Proposal 2: RAN4 need to discuss how to address the case in which a threshold (or more) will not be satisfied) (Telecom Italia)
· Proposal 3: Further discussion needed on any setting of thresholds for the provided statistical metrics. (Apple, Telecom Italia)
· Recommended WF
· TBA

Issue 4-2-7: Adopting the same UE information collection approach for both Rel-18 TRP/TRS and Rel-18 MIMO OTA 
· Proposals
· Proposal 1: 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. (Apple, Telecom Italia)
· Recommended WF
· TBA

Sub-topic 4-3 Framework for Rel-18 TRP TRS requirement 
Moderator: the proposals in R4-2312921 and R4-2313785 have been merged into the following schedule. 
Issue 4-3-1: Timeline for Rel-18 AC lab alignment and RC harmonization activity 
· Proposals
· Proposal 1: Approve the schedule for Rel-18 TRP TRS measurement activities and requirement development, as following:
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 meeting (18th Oct 2023), [or RAN4 #109 meeting (November) ?] then deliver the devices to labs in US, KR and Spain, finalize all the tests before the end of RAN4#109 meeting (17th Nov 2023) [or RAN4 #109bis meeting (Jan 2024) ?]. 
a. Phase 1 conclusion can be made in RAN4#108 bis 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. Browsing mode measurement campaign and requirements: Given the AC lab alignment with browsing mode has been concluded in Rel-17, the measurement campaign and data collection can be started after RAN4#108 meeting.
a. Initial measurement results can be submitted in RAN4#108bis meeting.
5. Talk mode measurement campaign and requirements: can be started after phase 1 AC lab alignment concluded if ≥3 labs can finalize the measurements and aligned. [or after the FULL laboratories alignment activity will be completed (i.e., after the confirmation of the alignment, including eventual late submission results) and all the related open points (e.g., device provisioning, device information disclosure, related thresholds definition, etc.) will be solved ?] 
a. Initial measurement results can be submitted in RAN4#109 meeting.
6. Template for measurement campaign to collect data will be shared before RAN4#108bis meeting. 

The overall schedule for Rel-18 TRP TRS measurement campaigns and requirement development is summarized in Figure 1.
[image: ]
Figure 1. Schedule of Rel-18 TRP TRS measurement activities and requirement development

· Recommended WF
· TBA
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