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In this contribution we provide our views on the test cases FR2 multi-RX WI. 
Discussion
In last meeting, test cases are agreed to defined for the following requirements. 
· Fast beam sweeping (for RLM OOS) when UE is in multi-Rx operation.
· Test case(s) for dual TCI state switching for s-DCI. FFS for mDCI
· Test case(s) for TRP specific CSI-RS based BFD
· Scheduling restriction, measurement restriction and L1-RSRP GBBR
Following list of the test cases are agreed to be defined. 
	Test No.
	Tests 

	TC 1
	DCI based TCI state switch for s-DCI

	TC 2
	MAC-CE based dual TCI state switch for s-DCI for PDCCH repetition

	TC 3
	Fast beam sweeping for RLM OOS

	TC 4
	Scheduling restriction, measurement restriction and L1-RSRP GBBR 

	TC 5
	TRP specific CSI-RS based BFD measurement delay

	TC 6
	DCI based TCI state switch for m-DCI



Since RAN4 did not define test framework for the simultaneous reception so far, for defining the above agreed test cases, RAN4 need to agree on the AoA setup to be used in the above test cases. Since different requirements are tested in different test case, single AoA setup may not be good for all the test cases. We may need to define multiple AoA setup to test the different requirements. Further, two important aspects of the AoA setup to agree are AoA selection in the RRM test cases and how to define new 2 AoA setup for multi-RX. 
AoA set up
AoA selection in the TC
In the RRM test, to test the performance in deterministic manner, it should be tested with UE declared value, which is known at UE and TE. Since there is no separate value declared by UE for the RRM test purpose, we think RF declared value can be considered for the RRM tests too. 
As per the highlighted text, RF requirements from TS 38.101-2, clause 7.3K.3, UE needs to pass the RF requirements for the UE declared AoA separation and the UE declared orientation in the positioner of the test system.  And further, as per the highlighted text in the below table, the RF spherical coverage requirement is defined for the PDSCH reception in the time and frequency overlapping resources. Though the SSB from the different resource set are not overlapped in the time domain, since the beam pair reported by UE using SSB is used for determining the beam pair that is going to be used for PDSCH, RF declared AoA separation can be used for the RRM test too. 

	[bookmark: _Toc155406528][bookmark: _Toc161831824][bookmark: _Toc163204921][bookmark: _Toc155406531][bookmark: _Toc161831827][bookmark: _Toc163204924]7.3K.0	General
For this release, the requirement applies only to FR2-1 UEs that support the following set of capabilities:
1.	simultaneousReceptionDiffTypeD-r16
2.	At least one of:
a.	singleDCI-SDM-scheme-r16 or 
b.	multiDCI-MultiTRP-r16 and either of:
i.	overlapPDSCHsFullyFreqTime-r16.
ii.	overlapPDSCHsInTimePartiallyFreq-r16
The requirement applies for simultaneous reception of rank 2 PDSCH, where each layer uses overlapping RBs in both time and frequency and is associated with a unique TCI state and AoA. The scheduled TCI states for the rank 2 PDSCH shall be configured with different QCL type-D reference signals respectively. The DL power at the center of quiet zone from each AoA equals the EIS spherical coverage requirement from sub-clause 7.3.4. 
For UEs supporting singleDCI-SDM-scheme-r16, the cumulative throughput in the DL associated with both TCI-states shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified A.3.3.2-5 and A.3.3.2-6 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1).
For UEs supporting multiDCI-MultiTRP-r16, the throughput in the DL associated with each TCI-state shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified A.3.3.2-1 and A.3.3.2-2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1). 
The requirement shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to the downlink transmission bandwidth. The UL is assigned to any one of the two TCI-states scheduled for simultaneous DL, with reference measurement channel as specified in Annex A.2.3.2. The transmitter shall be set to PUMAX as defined in clause 6.2.4.
Unless otherwise specified, the minimum requirements shall be verified with the network signalling value NS_200 (Table 6.2.3.1-1) configured.
7.3K.3	2AoA spherical coverage of power class 3
The requirements apply to the UE when tested in a test system as described in Annex L. The requirement is verified with the test metric of throughput (Link= 2AoA spherical coverage grid, Meas=Link Angle).
The spherical coverage requirement for simultaneous reception from multiple directions is defined in terms of the probability to support simultaneous reception of rank 2 PDSCH defined in sub-clause 7.3K.0. The probability (see Annex L) is defined as the spatial average over the full sphere around the UE of the probability of any one direction to support 2 AoA reception. In the applicable test system (see Annex L), the probability of any one direction of the UE to support 2 AoA reception for any specific AoA separation is the ratio of the number of unique AoA pairs that include that direction and can support 2 AoA reception to the total number of verified unique AoA pairs that include that direction. 
The requirement applies only for the UE’s declared orientation in the positioner of the test system. The requirement for each AoA separation condition applies only for the UE’s declared orientation in the positioner of the test system for that AoA separation. The minimum required overall probability to support 2 AoA reception for power class 3 UEs for any channel bandwidth is specified by AoA separation in table 7.3K.3-1. The UE is only required to fulfil the requirement at any one of AoA separations declared from Table 7.3K.3-1.
Table 7.3K.3-1: Requirement for power class 3
	AoA separation (degrees)
	Probability (%)

	30
	18.5

	60
	13.5

	90
	12.5

	120
	20.5

	150
	28.5






Proposal 1: UE declared AoA separation value for the RF tests can be reused for RRM tests.

Measurement setup and AoA direction
When UE receive two signals from different directions, the UE reception of the signals can be classified as following. 
· Both signals are received in non-beam peak direction (RF specification refers to this as spherical coverage direction) 
· Both signals are received in RX beam peak direction 
· One signal in Rx beam peak and one signal in non-beam peak direction (RF specification refers to this as spherical coverage direction) 
We think the AoA setup should include these three possible directions of signal reception in the test setup. As per the RF requirement, when UE declare AoA separation (e.g., 150 degrees), test environment should transmit beam pair with the declared AoA separation (e.g., 150 degrees). To further analyze the possibility of providing beam pair in the UE declared AoA separation, we consider the following measurement setup (e.g., same is used in multi-AoA measurement setup for 2 AoA RRM testing) as shown in figure 2. In this figure, TRP or probes are placed at 30 degrees separation. In this figure, first probe is placed at 0 degree on the Z axis and the remaining probes are placed at 30 degrees separation in counterclockwise direction. To avoid the interference from the probes the probes are not placed at 180-degree, 210 degree, and so on.

[image: ]
Figure 1: RSRP test setup with different probes at different angular points

With the above measurement setup and the probe placement, we analyze whether the test setup can provide two beams as per the above-mentioned angle of arrival with respect to beam peak direction. When UE has multiple panels, most cases it may have each panel on the opposite side of the UE. Since the measurement setup considers probes which are separated by maximum of 150 degrees, finding the RX beam peak for the two AoA directions may not be feasible. That means setup X1b is not feasible in the test environment. Before start of the test, UE can be rotated to find the Rx beam peak direction and once the beam peak direction is found, other beam to form a beam pair can be added in the spherical coverage direction. Other method could be UE could scan the entire sphere using a pair of beams and latch on to the direction where one beam is close to Refsens direction.  We think providing one beam in RX beam peak direction should be possible in the above test setup with the appropriate orientation of the UE. Providing beams in non-beam peak or spherical coverage directions should be feasible for the above-mentioned measurement setup.
Proposal 2: RAN4 to define new AoA set up with following AoA in the test set up
a. One AoA in the Rx beam peak direction and other AoA in Spherical coverage direction
b. Both the AoA in Spherical coverage direction or non-beam peak direction
Number of probes/AoA in the AoA setup:
Other open issue is how many probes or AoA to be considered in the test. From the UE perspective number of probes UE need to receive simultaneously is two. However, in the test cases such as dual TCI state switching, there is need for more than two probes in the test (UE need not receive from more than two probes at a time). We also think the number probes depend on the requirement that is being tested. Hence, same number of probes do not work for all the requirements testing. In the subsequent part of the paper, we consider the different applications to define the AoA set up and number probes needed fro each of the test setup.


AoA setup for TCI state switching TC
For the test cases such as dual TCI state switching, there is need for more than two probes in the test (UE need not receive from more than two probes at a time). One of the open issue after last meeting is provided below. 
· FFS following proposals by taking agreements in the last meeting and testability into consideration.
· Option 1: 
· It is suggested to verify the dual to dual active TCI state switching from [RS 1, RS 2] to [RS 1, RS3] under the assumption of 3 active probes.
· Option 2:
· Define a dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e. [RS1, RS3], to [RS2, RS4], with [RS1, RS3] and [RS2, RS4] each forming beam pairs. 
· When less than four probes are used, the test equipment should emulate different DL transmit beams by transmitting different signals with different power and delay.
· Option 3: 
· For TCI state switching TC for mDCI, target TCI states are beam pair for simultaneous reception. Before TCI state switching, PDCCH/PDSCH with different TCI states are non-overlapped in time domain.
· Option 4: 
· RAN4 not to test dual-to-dual active TCI state switching in R18
· Option 5: 
· RAN4 to introduce new 2 AoA setup with 3 active probes for multi-RX tests.

As per RF spec, AoA supported by UE can be 30, 60, 90, 120 or 150. For two AoA change to another two AoA where one probe being common (e.g., RS1, RS2 to RS1, RS3) may only be possible for 30 or 60 degrees AoA separation between probes. Since it cannot be applied for all the UEs, we are fine not to consider (RS1, RS2) to (RS1, RS3). However, RS1 to (RS2, RS3) and RS1 to (RS1, RS2) are possible and should be considered for the test cases of dual TCI state switch.
[bookmark: _Hlk165869622]In last meeting, same configuration is agreed with []. Agreements are copied below. We think the DCI based TCI state switch can be defined with RS1 to (RS1, RS2) and MAC CE based TCI state switch for s-DCI for PDCCH repetition can be defined with RS1 to (RS2, RS3).
· [bookmark: _Hlk165869581]TC1: DCI based TCI state switch for s-DCI 
· As starting point:	[RS1] to [RS1, RS2].
· FFS [RS1, RS2] to [RS1, RS3].
· FFS [RS1, RS2] to [RS1]
· Active TCI state list update is included during the test
· TC2: MAC-CE based dual TCI state switch for s-DCI for PDCCH repetition
· 	[RS1] to [RS2, RS3]
· Not to define test to verify RRC based TCI state switch

Proposal 3: RAN4 to agree on RS1 to (RS1, RS2) switch for DCI based TCI state switch for s-DCI and RS1 to (RS2, RS3) switch for MAC-CE based dual TCI state switch for s-DCI for PDCCH repetition

Based on the above analysis and proposal 2, we think the AoA setup can be defined as following.
	SetupX1a: 
There are 3 active probes in the test and at any time UE needs to receive at most on two probes simultaneously. The DL signals, and noise are transmitted from the three active probes. The AoA separation between the two active probes on which UE needs to receive simultaneously is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.



Proposal 4: For TCI state switching test case, RAN4 should define a AoA setup with three active probes. Where the AoA separation between the active probes are 30, 60, 90, 120 and 150 degrees.
Proposal 5: RAN4 to agree on the following AoA setup for TCI state switching
· SetupX1a: 
· There are 3 active probes in the test and at any time UE needs to receive at most on two probes simultaneously. The DL signals, and noise are transmitted from the three active probes. The AoA separation between the two active probes on which UE needs to receive simultaneously is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.
AoA setup for RLM TC
In the agreed test case for RLM, though the test case is for RLM, we also need to verify the beam sweeping factor reduction. Hence, we think we need to define the AoA set up for SSB based RLM. 
In the legacy RLM OOS test, though UE need to receive/transmit UE specific data from one AoA, RLM RS can be transmitted from 2 AoA.  In legacy RLM OOS test case, RLM RS is time multiplexed (i.e., not using simultaneous reception) from different AoA, which is shown in figure 2.  


Figure 2: RLM RS transmission in legacy RLM TC

In the legacy test, OCNG is assumed only on one probe transmitting in one AoA. However, in the multi-RX transmission, since UE needs to simultaneously receive from two TRP, we think OCNG should be transmitted from both the AoA during the entire test. For RLM OOS AoA setup, we think none of the probes needs to be on rx beam peak direction and can be spherical coverage direction.

Based on the above analysis we think the AoA setup can be mentioned as following.
	Setup X1b:
There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. UE need to receive on the active probes simultaneously. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.



Proposal 6: RAN4 to agree on the following AoA setup for RLM TC for fast beam sweeping
· SetupX1B: 
· There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. UE need to receive on the active probes simultaneously. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.

AoA setup for Scheduling restriction, measurement restriction and L1-RSRP GBBR and CSI-RS based BFD
Scheduling and measurement restriction relaxation are agreed for CSI-RS based L1 measurement RS overlapped PDSCH transmission and have the same RS associated to dual active TCI states. For these test cases we need to define the AoA setup for CSI-RS and the beam shall assume fine beams. 
Based on the above analysis we think the AoA setup can be mentioned as following.
	Setup 1C:
There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.



Proposal 7: RAN4 to agree on the following AoA setup for Scheduling restriction, measurement restriction and L1-RSRP GBBR and CSI-RS based BFD.
· Setup 1C:
· There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.


Test case(s) for dual TCI state switching for m-DCI
Dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e., [RS1, RS3] to [RS2, RS4] with [RS1, RS3] and [RS2, RS4] each forming beam pairs is discussed. If we can assume the probes setup as shown in figure 1, theoretically we can find RS1, RS3 and RS2, RS4 for the UE declared AoA separation for 30, 60, 90, 120. Same is explained in the example below.
· For AoA separation 30 degrees RS1, RS2 can be transmitted from P0, P30 and RS2, RS4 can be transmitted from P60, P90, 
· For AoA separation 60 degrees RS1, RS2 can be transmitted from P0, P60 and RS2, RS4 can be transmitted from P90, P150
· For AoA separation 90 degrees RS1, RS2 can be transmitted from P0, P90 and RS2, RS4 can be transmitted from P60, P150
· For AoA separation 120 degrees RS1, RS2 can be transmitted from P0, P120 and RS2, RS4 can be transmitted from P30, P150
· For AoA separation 150 degrees RS1, RS2 can be transmitted from P0, P150 and different probes for RS2, RS4 cannot be found with 150 degrees AoA separation. 
Though we test setup can transmit the non-overlapping 4 probes in the test setup where only two probes are active at any point in time, since the RF requirement do not guarantee AoA separation in all the directions of the sphere. If the UE declared AoA is 150 degrees, then the mDCI test cannot be performed. This means the test cannot be applicable for all UEs.
Observation 1: mDCI test cannot be performed for all the AoA separation. 

Test setup for fast beam sweeping
Though the test case is for testing fast beam sweeping, fast beam sweeping is tested using the RLM TC. The above configuration assumes L1-RSRP TC for testing the fast beam sweeping. We think RLM configuration ahs to be assumed in the TC.
Legacy RLM configuration TC configuration can be taken as baseline where RLM RS is set as SSB and the SSB is transmitted using the AoA set up X1b. 
No DRX is configured
Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.
Test requirements are set on the time duration to trigger the RLM OOS.

Test setup for dual TCI state switching
The following option mentioned in the WF can be taken as baseline.
· Reuse the configuration and test requirement of legacy L1-RSRP and single TCI state switching test case as baseline.
· Three AoAs (AoA0, AoA1 and AoA2) for different SSB indices (SSB 0, 1 and 2)
· No DRX is configured.
· Test requirement are set on time duration to check the expected behaviour of dual TCI state switching with correct delay requirement.
· Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.

Test setup for scheduling restriction, L1-RSRP GBBR and measurement restriction
The following option mentioned in the WF can be taken as baseline.
· Reuse the configuration and test requirement of dual TCI state switching as baseline.
· After UE sent L1-RSRP GBBR and dual TCI states are activated, UE is ready to relax scheduling and measurement restriction.
· Test requirement are set on time duration to check the expected behaviour of scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure both CSI-RSs with different QCL type D at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
· Note: UE does not indicate its preference for single-RX in UE assistance information throughout the test.

Test procedure for test direction and probe selection
· FFS following proposal
· Option 1:
· Step 1: Test probe selection for {RS2, RS3}
· A pair of directions for {RS2, RS3} is selected based on 2AoA EIS spherical coverage, which is dependent on DUT declared AoA offset as shown in Table 7.3K.3-1 of TS38.101-2.
· Step 2: N test iterations at different pairs of test directions with respect to DUT by rotating the DUT
· For i = 1: N iterations
· Step A: Rotate the DUT and select a pair of probe directions for {RS2, RS3} fulfilling 2AoA EIS spherical coverage percentile of the DUT
· Step B: Find a probe direction for RS1, from the two untaken probes for {RS2, RS3}, fulfilling EIS spherical coverage
· If fails to find a probe for the test, go to Step A
· Step C: Proceed with the test
· Increase i by 1, and go to Step A
· End
· At each set of test directions collected from the above procedure,
· RS1 is for anchor TRP
· {RS2, RS3} is for 
· R17 Group-based L1-RSRP measurements
· TCI state switch (either CSI-RS or SSB, not mixed-type of RSs for {RS2, RS3})
· Scheduling/measurement restrictions
· The above procedure can be further simplified by RAN5, if it results in the same test coverage and suits the test purpose.
· Assumption: TE has 4 physical probes placed at {0, 30, 90, 150} deg.
The above procedure looks fine to us. The procedure of the spherical coverage scan is explained in K.1.6 of 38.521-2.

Summary
The following have been proposed in this contribution.

Proposal 1: UE declared AoA separation value for the RF tests can be reused for RRM tests.
Proposal 2: RAN4 to define new AoA set up with following AoA in the test set up
a. One AoA in the Rx beam peak direction and other AoA in Spherical coverage direction
b. Both the AoA in Spherical coverage direction or non-beam peak direction
Proposal 3: RAN4 to agree on RS1 to (RS1, RS2) switch for DCI based TCI state switch for s-DCI and RS1 to (RS2, RS3) switch for MAC-CE based dual TCI state switch for s-DCI for PDCCH repetition
Proposal 4: For TCI state switching test case, RAN4 should define a AoA setup with three active probes. Where the AoA separation between the active probes are 30, 60, 90, 120 and 150 degrees.
Proposal 5: RAN4 to agree on the following AoA setup for TCI state switching
· SetupX1a: 
· There are 3 active probes in the test and at any time UE needs to receive at most on two probes simultaneously. The DL signals, and noise are transmitted from the three active probes. The AoA separation between the two active probes on which UE needs to receive simultaneously is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.
Proposal 6: RAN4 to agree on the following AoA setup for RLM TC for fast beam sweeping
· SetupX1B: 
· There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. UE need to receive on the active probes simultaneously. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.
Proposal 7: RAN4 to agree on the following AoA setup for Scheduling restriction, measurement restriction and L1-RSRP GBBR and CSI-RS based BFD.
· Setup 1C:
· There are 2 active probes in the test. The DL signals, and noise are transmitted from the two active probes. The AoA separation between the two active probes is 30, 60, 90, 120 and 150 degrees. The active probes are in spherical coverage direction.
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