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In RAN4#104-bis-e, the test methods for RF/RRM/Demodulation for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on the potential test solutions. 
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Offset between AoA1 and AoA2
As in [1], it was agreed that the measurement setup with full degree of freedom for 2AoAs is not pursued in Rel-18 considering the challenges of high complexity, large chamber size, etc. Therefore, the idea of enabling full degree of freedom for AoA1 and fixing AoA2 with a set of directions was discussed and the following options for offset between AoA1 and AoA2 were captured in [1]:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 3: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1
From above three options, the key difference is whether the test system supports the fixed or variable angular offset(s) between AoA1 and AoA2. And Option 3 can be treated as a subset of Option 2 with the simplified implementation. The main advantage of Option 1 is the system complexity is much lower since the legacy RRM and/or FR2 MIMO OTA test system can be leveraged meanwhile it is not clear whether Option 1 is proper enough to verify the UE RF/RRM/Demodulation performance for multi-Rx UE. 
Observation 1: Option 3 can be treated as a subset of Option 2 with the simplified implementation. Compared with Option 2/3, the main advantage of Option 1 is the system complexity is much lower since the legacy RRM and/or FR2 MIMO OTA test system can be leveraged meanwhile it is not clear whether Option 1 is proper enough to verify the UE RF/RRM/Demodulation performance for multi-Rx UE.
Measurement setup for UE RF testing
It was agreed that Option 2a/2b/2c are considered as the baseline and further analyze the feasibility and alignment with the agreements from RF core WI. The pros and cons for the options are provided in the below table.
Table 1: Pros and cons analysis for Option 2a/2b/2c
	
	Option 2a
	Option 2b
	Option 2c

	Pros
	· Low system complexity 
· Small chamber size
· Reuse from legacy RRM/FR2 MIMO OTA system
	· More flexible on the AoA2 test directions 
· The range of angular offsets is relatively wide.
	Similar as Option 2b but it will be lack of some flexibility compared with Option 2b. 

	Cons
	· Limited test directions for AoA2 (e.g., can’t not be a specific test direction such as beam peak direction)
· The range of angular offsets is restricted by a set of fixed values 
	· High system complexity
· Brand new test system – High cost
· Large chamber size such as illustration shown in Figure 2b-1 in [1]
· If the anchor is in NF, it would not be able to measurement the EIS
	Similar as Option 2b meanwhile the system complexity is not reduced too much compared with Option 2b.



Per above analysis and feedback from TE vendors from RAN4#104bis-e meeting [2], it is observed that, from testability point of view, option 2a is the most promising approach for UE RF testing. Meanwhile, RAN4 needs to study whether option 2a could be used to verify the RF requirements properly.
Observation 2: Per above analysis and feedback from TE vendors from RAN4#104bis-e meeting [2], from testability point of view, option 2a is the most promising approach for UE RF testing
Proposal 1: RAN4 to consider option 2a as the starting point of measurement setup for UE RF testing and to further study whether option 2a could be used to verify the RF requirements properly.
In [2], TE vendors claimed that the minimum angular separation is 30° when IFF is applied. While for maximum angular separation, it is assumed that there is no interference between two AoAs in downlink, then the maximum angular separation would be 180°.
Proposal 2: RAN4 to consider a wide range of angular offsets. The minimum and maximum angular separations are [30°] and [180°], respectively.
Measurement setup for UE RRM testing
In last meeting, the agreements on measurement setup for UE RRM testing is following.
	· Legacy RRM test system can be baseline, more probes might be added based on the process of RRM session
· FFS whether the same test system for UE RF testing could be considered as an alternative for UE RRM testing.



As stated in the SID [4], the target of measurement setup for multi-Rx RRM testing is to allow testing of 4 AoAs with 2 simultaneously active AoAs.
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In RRM session, the issue regarding whether legacy RRM test system can support simultaneously transmitting from 2AoAs is discussed and the following WF was agreed in [3].
	<Way forward >: 
Issue 1-6-1: AoA setup for multi-Rx chain
· Proposals
· Option 1 (Samsung, R&S): RAN4 RRM session use the test parameters required given in 6.2.1.4.1 of TR 38.810 as the starting point to discussion on 2AoA setup needed for RRM performance requirement for UE supporting simultaneous DL reception from from different directions with different QCL TypeD RSs:
· Note: The issue will be further discussed when there is TU for perf part of the WI.



In TR38810, there are three scenarios for RRM testing and scenario 3 is the case with two AoAs. For two AoAs scenario, two cases which are TDM (Case 1) and simultaneous transmission (Case 2) were specified. But there was no conclusion on the feasibility of generating the testable side conditions made for Case 2. The main issue was the interference from the other AoA is not easily controlled due to lack of information of antenna gain which depends on the UE implementation (The details can be found in Annex H).  
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While in multi-Rx RRM testing, the scenario is a bit of different from legacy RRM testing. As shown in Figure 1, we assume AoA1 and AoA3 as AoA pair 1 which are transmitting simultaneously at timeslot 1 and then switch to AoA pair 2 which consists of AoA2 and AoA4 in timeslot 2. 
[image: ]
Figure 1: Example of RRM test setup for multi-Rx UE

For the AoA pair 1, i.e., AoA1 and AoA3, the interference between two AoAs mainly depends on the following two aspects:
· AoA separation between AoA1 and AoA3
· Single DCI scheme or Multi-DCI scheme
For AoA separation, the larger separation such as 120°, 150° or 180°can be selected which will lead to the minimum cross interference between two AoAs. Meanwhile, with single DCI scheme, the interference between two AoAs can be minimized with the help of join decoding.
Observation 3: The selection of larger separation and single DCI scheme can help to minimize the cross interference between two simultaneous transmitting AoAs.
Proposal 3: From testability point of view, RAN4 to consider the selection of larger separation between 2AoAs and single DCI scheme as the baseline to further study test method for multi-Rx UE RRM testing. 
It is proposed in the last meeting that more probes need to be added based on the legacy RRM test system. The motivation is as following. The legacy RRM supports the AoA separation of 30°, 60°, 90°, 120° and 150°. So in legacy RRM testing, for a test case, UE will be test with 5 angular separations and UE could pass one or some of separations. While in multi-Rx RRM testing, 4AoAs should be selected (shown in Figure 1). For example, AoA1 is at P0, and the separation between AoA1 and AoA3 is 120°. Then for AoA2 and AoA4, the only possible selection is that AoA2 is at 30° position and AoA4 is at 150° position. Obviously, the possible angular separation for multi-Rx is much less than the legacy RRM test system which might make UE more difficult to pass the test. 
[bookmark: _Hlk118480135]Observation 4: If the legacy RRM test system is reused for multi-Rx RRM testing, the possible angular separation would be much less than the legacy one which might make UE more difficult to pass the test.
Proposal 4: RAN4 to consider the enhancement from legacy RRM test system such as adding more probes to support more angular separations for multi-Rx RRM testing.
Measurement setup for UE Demodulation testing
In RAN4#104-bis-e, the following was agreed regarding measurement setup for UE Demodulation testing 
	Option 1: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
· Option 1a: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 1b: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 1c: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1 
Option 2: Seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions



Considering the test system for multi-Rx Demodulation testing will be based on the 2AoAs instead of legacy 1AoA, we prefer to start with Option 1. As pros and cons analysis in section 2.2, the similar proposal is made for UE Demodulation testing:
Proposal 5: RAN4 to consider option 1a as the starting point of measurement setup for UE demodulation testing and to further study whether option 1a could be used to verify the UE demodulation requirements properly.
The test directions selection for UE demodulation testing was discussed and the following options were agreed for further study.
	· Option 1: To study whether the selected directions need to satisfy legacy REFSENSE requirements specified in TS38101-2.
· Option 2:  To study whether the selected directions need to satisfy the min. isolation between 2AoAs.
· Option 3:  To study whether the selected directions need to satisfy the min. isolation between two polarizations.
· Option 4: To study whether the selected directions need to satisfy the min. isolation between 4 branches. 



In legacy demodulation testing, the downlink signal and noise are aligned with the following criteria defined in TR 38810.
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As specified in TR 38810, the wanted noise should give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE requirements, that means SNRRP = SNRBB + 1dB. And the Noc value is based on REFSENS for the operating band and on the UE Power class, and taking a baseline of UE Power Class 3 in band n260.
Noc = RESFENSPC3, n260, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
If the selected direction is based on the EIS spherical coverage requirements instead, then the Noc level is increased by X, where X is derived based on EIS spherical coverage requirement (i.e. difference between the peak EIS and Nth percentile EIS values) based on TS 38.101-2 which is 10.9dB drop for UE Power Class 3 in band n260.
Observation 5: If the selected directions is based on the EIS spherical coverage requirements rather than REFSENSE, the testable SNR will be over 10dB lower than the legacy demodulation testing.
It is true that UE only has one Rx beam peak direction but note that usually UE will have some margin to pass the EIS requirements. In other words, there would be serval directions could pass the REFSENSE. For example, a UE with two panels, and at least the peak direction in each panel could pass the REFSENSE requirements. To get a reasonable testable SNR level, RAN4 to consider the selected directions no more than XdB degraded from legacy REFSENSE requirements
Proposal 6: RAN4 to consider the selected directions no more than XdB degraded from legacy REFSENSE requirements specified in TS38101-2 in multi-Rx demodulation testing.
To answer the question whether to satisfy the min. isolation between 4 branches (2 AoAs&2 pol.), we need to understand the procedure to achieve wireless cable mode isolation.
With a given subcarrier in frequency domain, the baseband equivalent description of the signal model is

·  is the vector of the baseband TX signal
·  is the baseband channel applied by the testing equipment and this is based on the channel model of test cases
·  is the baseband precoding matrix for the signal
·  is the matrix that represents the chamber OTA channel which is quasi-static.
·  is the artificial noise vector added in baseband to control the SNR.
To equalize OTA channel, there are two options:
· Option 1: To select two AoAs and the isolation between 4 branches to satisfy the min. isolation
· Option 2: To use the inverse channel matrix approach  equalize OTA channel which is estimated per UE RSRPB and RSARP reporting. 
For Option 1, the problem is with the fixed angular offsets, it might not be able to find two directions which can satisfy the min. isolation for all the 4 branches. The feedback from TE vendors on the feasibility of adjusting the two polarizations of each probe is highly welcome.
Observation 6: For Option 1, the problem is with the fixed angular offsets, it might not be able to find two directions which can satisfy the min. isolation for all the 4 branches. The feedback from TE vendors on the feasibility of adjusting the two polarizations of each probe is highly welcome.
For Option 2, in theory, TE could equalize OTA channel by applying ‘inverse channel’ per UE RSRPB and RSARP reporting. But we should note that with a high correction matrix for the OTA channel between TE transmitter and UE receivers, the testable SNR would be degraded. With that, we have the following proposal:
Proposal 7: RAN4 to further discuss the following two options for UE demodulation testing
· Option 1: To study the feasibility of selecting two AoAs and the isolation between 4 branches to satisfy the min. isolation with measurement setup of Option 1a, i.e., fixed Angular Offset(s) between AoA1 and AoA2 in the chamber
· Option 2: To study the feasibility of applying the inverse channel matrix approach  to equalize OTA channel which is estimated per UE RSRPB and RSARP reporting. FFS on the impact of directions selection on the testable SNR 

Conclusion
In this paper, we provided our views on test method for RF/RRM/Demodulation multi-Rx. We have the following observations and proposals:
Observation 1: Option 3 can be treated as a subset of Option 2 with the simplified implementation. Compared with Option 2/3, the main advantage of Option 1 is the system complexity is much lower since the legacy RRM and/or FR2 MIMO OTA test system can be leveraged meanwhile it is not clear whether Option 1 is proper enough to verify the UE RF/RRM/Demodulation performance for multi-Rx UE.
Observation 2: Per above analysis and feedback from TE vendors from RAN4#104bis-e meeting [2], from testability point of view, option 2a is the most promising approach for UE RF testing
Proposal 1: RAN4 to consider option 2a as the starting point of measurement setup for UE RF testing and to further study whether option 2a could be used to verify the RF requirements properly.
Proposal 2: RAN4 to consider a wide range of angular offsets. The minimum and maximum angular separations are [30°] and [180°], respectively.
Observation 3: The selection of larger separation and single DCI scheme can help to minimize the cross interference between two simultaneous transmitting AoAs.
Proposal 3: From testability point of view, RAN4 to consider the selection of larger separation between 2AoAs and single DCI scheme as the baseline to further study test method for multi-Rx UE RRM testing. 
Observation 4: If the legacy RRM test system is reused for multi-Rx RRM testing, the possible angular separation would be much less than the legacy one which might make UE more difficult to pass the test.
Proposal 4: RAN4 to consider the enhancement from legacy RRM test system such as adding more probes to support more angular separations for multi-Rx RRM testing.
Proposal 5: RAN4 to consider option 1a as the starting point of measurement setup for UE demodulation testing and to further study whether option 1a could be used to verify the UE demodulation requirements properly.
Proposal 6: RAN4 to consider the selected directions no more than XdB degraded from legacy REFSENSE requirements specified in TS38101-2 in multi-Rx demodulation testing.
Observation 6: For Option 1, the problem is with the fixed angular offsets, it might not be able to find two directions which can satisfy the min. isolation for all the 4 branches. The feedback from TE vendors on the feasibility of adjusting the two polarizations of each probe is highly welcome.
Proposal 7: RAN4 to further discuss the following two options for UE demodulation testing
· Option 1: To study the feasibility of selecting two AoAs and the isolation between 4 branches to satisfy the min. isolation with measurement setup of Option 1a, i.e., fixed Angular Offset(s) between AoA1 and AoA2 in the chamber
· Option 2: To study the feasibility of applying the inverse channel matrix approach  to equalize OTA channel which is estimated per UE RSRPB and RSARP reporting. FFS on the impact of directions selection on the testable SNR 
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The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.

e Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive
simultaneously from multiple Angle of Arrival (AA)
o The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for

each a.nile
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Note:

The following sub-cases are considered

Case 1: TDM transmissions from 2 probes (i.e. each probe transmits both signal and/or artificial noise in
TDM manner).

Case 2: Simultaneous transmission of signals from 2 probes
The details on how to control the SINR for Case 1 and Case 2 are provided in Annex H.

No conclusions on the feasibility of generating the testable side conditions made for Case 2. The
feasibilit‘y of generating the testable side conditions for Case 2 can be further studied in the future
releases|
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- Downlink signal and noise are aligned to the direction with the following criteria:

Select the known Rx beam peak direction reused from RF testing if available, as far as it satisfies minimum
isolation requirement defined in TS 38.521-4 [21] and rank number in TS 38.521-4 [21] corresponding to the
test cases

Otherwise select one direction which satisfied the REFSENS defined in TS 38.101-2 [16], minimum isolation
requirement defined in TS 38.521-4 [21] and rank number in TS 38.521-4 [21] corresponding to the test
cases|




