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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#110bis meeting, there were extensive discussions on test cases for FR2 multi-Rx. Agreements were made for some of the issues. The agreements below were captured in the WF [1]. 
	<Performance part>
Issue 2-4: Test case(s) for fast beam sweeping
One TC for fast beam sweeping when UE is in multi-Rx operation.
· Define test case for fast beam sweeping for RLM OOS. 
Note: The UE passes multi-Rx test should not be tested with corresponding legacy test.
Issue 2-7: Test case(s) for dual TCI state switching for s-DCI
· 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
Issue 2-8: Test case(s) for group-based beam reporting
· Not to specify dedicated test case for group-based beam reporting.
Issue 2-9: Test case(s) for TRP specific CSI-RS based BFD
· Introduce a test for verifying TRP specific CSI-RS based BFD measurement delay requirements.


There are still other remaining open issues for multi-Rx test cases. In this contribution, we further provide our views on test cases for FR2 multi-Rx chain DL reception.
2. Discussion
2.1	AoA
How to select AoA for RRM tests was discussed for two meetings. 
Issue 2-2: AoA selection in RRM test cases
	· Company brings analysis on this issue with option 1 as starting point.
· Option 1: The AoA pair for simultaneous reception with different QCL-typeD in RRM tests is from the set of qualified AoA pairs according to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2.


According to AoA setup for legacy RRM test cases, the AoA selection is related to EIS requirements for both single AoA and 2 AoAs setups.
	[bookmark: _Toc535476141]A.3.15.1	Setup 1: Single AoA in Rx beam peak direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, are aligned to the UE Rx beam peak direction (as defined in TS 38.101-2 [19]).
A.3.15.2	Setup 2: Single AoA in non Rx beam peak direction
[bookmark: _Hlk5813084]A.3.15.2.1	Setup 2a: Single AoA in non Rx beam peak direction without change in direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The direction (AoA) of the signals shall not be changed between test iterations.
A.3.15.2.2	Setup 2b: Single AoA in non Rx beam peak direction with change in direction
There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. For UE power class 3, the direction (AoA) of the signals shall be changed for each test iteration (for UE power classes other than 3, this is FFS).
A.3.15.3	Setup 3: 2 AoAs
[bookmark: _Hlk166330658]There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.
Editor Note: If RAN5 finds the changing of angular offset between the directions (AoAs) of the 2 active probes per test iteration to be infeasible from the perspectives of EIS spherical coverage and other impacts, e.g.: testing time, then the test setup will be revised. 
Table A.3.15.3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	30°, 60°, 90° and 120°

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS

	5
	FFS

	6
	30°, 60°, 90°, 120° and 150°

	7
	FFS


A.3.15.4	Setup 4: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak
A.3.15.4.1	Setup 4a: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction
There are 2 active probes in the test. The DL signals, and noise if applicable, are transmitted from the two active probes. One probe is aligned to the UE Rx beam peak direction as defined in TS 38.101-2 [19]. The second is aligned to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The direction (AoA) of the non Rx beam peak signal shall not be changed between test iterations.
A.3.15.4.2	Setup 4b: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction
There are 2 active probes in the test. The DL signals, and noise if applicable, are transmitted from the two active probes. One probe is aligned to the UE Rx beam peak direction as defined in TS 38.101-2 [19]. The second is aligned to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. 
For UE power class 3, the relative angular offset between the directions (AoAs) of the 2 active probes shall be changed for each test iteration, within the probe alignment described above. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.


For multi-Rx, it is straightforward to follow the same principle. It is just the EIS spherical coverage requirement for simultaneous reception from multiple directions is defined a bit differently from legacy requirements.
	[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





The AoA pair used in RRM tests should be selected for the AoA pairs that meet throughput requirements. The throughput requirements are defined based on TCI state(s) which is quite aligned with RRM requirements. The updated AoA pair selection is proposed.
Proposal 1: The AoA pair selection for RRM tests is that the AoA pair for simultaneous reception with different QCL-typeD is from the set of AoA pairs that meets throughput requirements according to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2.

Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
	· FFS following proposals
· Option 1:
· 2AoA setup for multi-RX should focus on those AoA pairs with a UE-declared AoA separation that can meet the throughput requirement. 
· RX beam peak direction defined for R15 single AoA reception does not need to be singled out for 2AoA setup.
· Option 2:
· 2 AoAs setup is to reuse legacy 2 AoAs setup. It can be further discussed together with test cases.
· Option 3: 
· [bookmark: _Hlk166334345]Define new 2 AoAs setup for multi-Rx.
· Setup Xa: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· FFS whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
· Setup Xc-1: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
· FFS whether RRM can consider the RF declared AoA separation and all directions as the priority potential selection
· Option 3a:
· RAN4 to introduce new 2 AoA setup with 3 active probes for multi-RX tests.


Firstly, the existing 2AoAs setup is based on legacy EIS requirements, i.e., the AoA is selected from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2, and the AoAs are independent. It is not appropriate for 2AoAs for simultaneous reception from different directions. Thus, new 2AoAs setup should be introduced.
Since multi-Rx is for simultaneous reception from different directions, it is not necessary to have one AoA from Rx beam peak direction. The 2 AoAs can just be selected from the AoA pairs that meets EIS spherical coverage requirements for multi-Rx. In addition, AoA separation is important conditions for UE to meet EIS spherical coverage requirements. It needs to be considered in RRM test as well. 
The 2AoA setup for multi-Rx can be based on legacy setup 3 with different AoA selection and angular offset.
Proposal 2:  Define one new 2 AoAs setup for multi-Rx with AoA beams from non-Rx beam peak direction. It can be based on legacy AoA setup 3 with new AoA selection principle and angular offset.

2.2	Test cases
Issue 2-3: Number of probes in RRM test cases
	Issue 2-3: Number of probes in RRM test cases
· 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.
Issue 2-7: Test case(s) for dual TCI state switching for m-DCI
· Further discuss test cases for m-DCI after conclusion of issue 2-3
· TC Y1: DCI based TCI state switch for m-DCI 
· Active TCI state list update for m-DCI is included during the test.
· TC Y2: MAC-CE based dual TCI state switch for m-DCI



During FR2 OTA testability study for multi-Rx, it was concluded that the measurement setup for Option 2 with at least 3 probes is selected as the baseline in Rel-18.
	-	Option 2: Dual TCI switches from one probe to two probes simultaneously, probe number for multiple AoA test system is at least 3
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Figure 6.2.1-4: Example measurement setup for Option 2 of Category 2 scenario with 3 probes
[image: A diagram of different colored squares
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Figure 6.2.1-5: Example of Time and Frequency multiplexed downlink transmission for Category 2 scenario with 3 probes
[bookmark: OLE_LINK2]For Option 2, in the period of T1, DUT connects TCI state 0 via Probe#1. In the period of T2, DUT measures the SSBs from Probe#2 and Probe#3 while keeping the connection from Probe 1. And then DUT simultaneously switches from Probe#1 to Probe#2 and #3. 
An example measurement setup of multi-Rx chain DL reception RRM test case for Category 2 scenario with 3 probes is illustrated in Figure 6.2.1-5. PDCCH/PDSCH from two AoAs transmit in the FDM manner. PBCH measurement is based on TDM manner. For CSI-RS, the measurements could be based on TDM/FDM/CDM. 
For the testing with Option 2, the side conditions for the period T1 and T1 are as follows. In the period of T1, the candidate test direction is selected from legacy EIS spherical coverage. In the period of T2, the candidate test directions (AoA pairs) are selected from multi-Rx spherical coverage requirements defined in UE RF core requirements.
Note that Figure 6.2.1-4 and Figure 6.2.1-5 show an example test procedure for Dual TCI switching. Other test procedures with at least 3 probes measurement setup are not precluded. The details of RRM test cases are to be discussed in the corresponding work item.


For m-DCI based dual TCI states switch, the focus was on defining test cases for TCI states switching from dual TCI states to dual TCI states. However, the requirements only focus on when the target dual TCI states are ready for simultaneous reception. It is not necessarily that dual TCI states have to be configured before switch. It will not have impact on switching delay.
	For mDCI, if the dual target TCI states are known, when a UE is configured with the higher layer parameter tci-PresentInDCI from two TRPs which is set as 'enabled' for the DCIs scheduling two PDSCHs at slot n1 and n2 respectively, UE shall be able to receive PDSCHs with target TCI states of the serving cell on which TCI state switch occurs at the first slot that is after slot n1 + timeDurationForQCL and slot n2 + timeDurationForQCL respecitvely, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and apply spatial QCL information received in DCI for PDSCHs processing as described in TS 38.214 [26], the value of timeDurationForQCL is defined in TS 38.331 [2]. UE shall be able to receive PDSCHs with target TCI states after slot max(n1, n2) + timeDurationForQCL.


With this understanding, the tests for m-DCI based dual TCI states can be defined with option 2.
Proposal 3:  Define test cases for verifying m-DCI based dual TCI states switch requirements with 3 probes, i.e., from [RS1] to [RS2, RS3].
For MAC-CE based dual TCI state switch with m-DCI, there is no need to define test case as the requirements are similar to legacy and there is no simultaneous PDCCH reception is supported.
Proposal 4:  Not to define test cases MAC-CE based dual TCI states switch with m-DCI.

	Issue 2-7: Test case(s) for dual TCI state switching for s-DCI
· 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]


For s-DCI based dual TCI states, it was agreed to use [RS1] to [RS1, RS2] as starting point. There would be issues with this AoAs setups. For RS1 before switching, Rx beam peak direction should be used. However, after switch it may not always be possible that this RS1 AoA direction together with RS2 AoA direction are fulling EIS spherical coverage requirements for simultaneous reception. It would be better to use different AoA pair. 
It is not necessarily to define the case from [RS1, RS2] to [RS1, RS3]. From verifying delay requirements perspective, there would be no difference than from [RS1] to [RS2, RS3]. Moreover, there may be testability issue.
Proposal 5:  In test case for s-DCI based dual TCI states switch, it is defined with from [RS1] to [RS2, RS3].

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on RRM performance requirements for FR2 multi-Rx chain DL reception. Following proposals and observations are present.
Proposal 1: The AoA pair selection for RRM tests is that the AoA pair for simultaneous reception with different QCL-typeD is from the set of AoA pairs that meets throughput requirements according to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2.
Proposal 2:  Define one new 2 AoAs setup for multi-Rx with AoA beams from non-Rx beam peak direction. It can be based on legacy AoA setup 3 with new AoA selection principle and angular offset.
Proposal 3:  Define test cases for verifying m-DCI based dual TCI states switch requirements with 3 probes, i.e., from [RS1] to [RS2, RS3].
Proposal 4:  Not to define test cases MAC-CE based dual TCI states switch with m-DCI.
Proposal 5:  In test case for s-DCI based dual TCI states switch, it is defined with from [RS1] to [RS2, RS3].
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