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Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1][2]. In this paper, we provide our views on performance requirements for FR2 multi-Rx DL receptions.
Discussion
The impacted RRM core requirements due to supporting FR2 multi-Rx DL receptions can be summarized as follows:
	· [bookmark: OLE_LINK2]Measurement period for L1 measurements
· Scheduling/measurement restrictions for L1 measurements
· Active TCI state switching delay for UE configured with GBBR


Most of the issues for core requirements are concluded in last meeting, and the performance part is scheduled to be triggered in this meeting. In this contribution, we provide our views on test design and test set up for RRM requirements.
4-layer DL MIMO
As elaborated in previous meeting for core requirements, companies commented that the features are mainly targeting 4 layers DL MIMO. However, from RRM perspective, whether 4 layers MIMO can be supported not only depend on beam management but also CQI status for the chosen beam pair, which will be further evaluated by Demod requirements. Based on RF agreements [3], total 2 layers are considered for RF requirements which shown as follows. Thus, it is straightforward to follow the same principle for RRM test.
	Scope definition for UE RF requirements
Agreement:
· Proposal: UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.


Proposal 1: 4-layer MIMO is not considered in RRM test cases.

AoA selection
In last meeting, we brought up the issue about dual TCI state switching test case whether 4 active probes are needed. The status in RRM session is summarized as follows:
	Issue 4-2: AoA selection in RRM test cases
<Online agreement>
· Companies to check the progress in FR2 OTA WI, and whether to define test cases for dual TCI state from dual TCI to dual TCI (e.g. [RS1, RS2] to [RS3, RS4]) is to be decided in RRM session.
· Note: The feasibility of the test with 4 active probles simulateously received by the same UE is pending on the discussion in FR2 OTA WI.


In following part, we will provide our views from two aspects: The necessity to have such test case and the feasibility of having the test cases.
Regarding the feasibility of having such test, though it is agreed that the it will be decided in FR2 OTA WI, we would like to provide related information from FR2 OTA and multi-RX RF to have a full picture of the issue.
In current FR2 test cases, the AoA selection are defined as follows:
	A.3.15.3	Setup 3: 2 AoAs
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. 


It could be observed that the selection of AoA in RRM test cases is based on set of directions which can satisfied RF requirements. It is because that most RRM requirements are evaluated implicitly by demodulation performance (e.g. ACK/NACK feedback), which the SINR conditions shall be guaranteed.
Observation 1:  Most RRM requirements are evaluated implicitly by demodulation performance (e.g. ACK/NACK feedback), which the SINR conditions shall be guaranteed.
In RRM core requirements discussion, following agreement were reached for known conditions. However, as stated in the note, currently known conditions cannot guarantee performance of simultaneous reception, since the GBBR reporting is only about the beam management (e.g. RSRP level).
	Sub-topic 2-5: Known conditions 
Agreements:
· Dual TCI states are known if the
· dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group
· All the RSs in the QCL chain remain detectable
· The dual TCI states remains detectable during the TCI state switching period
· RSs configured for dual TCI states are reported in last [1280]ms
Note: FFS whether additional conditions are needed for tests.


Thus, similar as legacy AoA selection, the AoA pair selected shall meet corresponding RF requirements, and UE only needs to be tested for 1 AoA offset. The selection of AoA offset shall wait for further RF conclusion.
Proposal 2: The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
For Multi-Rx requirements, AoA separation is an essential condition to guarantee that UE can perform simultaneous reception with limited interference. Based on RF discussion, the status is summarized as follows [4][5]:
	R4-2310491
Proposals:
· Option 1: UE vendors declare 2 AoA offsets for meeting requirement, one from {30⁰, 60⁰, 90⁰} and one from{120⁰, 150⁰} respectively
· Option 2: 2 AoA offsets are specified in the standard as test conditions, ex; 60⁰ and 150⁰ respectively. 
· Option 3: UE vendors declare 1 AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting requirement.
· Option 4: requirements for 2 AoA offsets are specified, e.g. 60⁰ and 150⁰. UE vendors can declare which offset to test for meeting the requirement.
· Option 5: requirements for 2 AoA offset ranges are specified, one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}. UE vendors can declare only one offset to test for meeting the requirement of the corresponding range.

R4-2314668
WF: 
The UE only needs to meet the requirement for 1 AoA offset.  

Options:
1. Define a requirement for each candidate AoA offset. 
2. The requirement is defined for just 1 AoA offset.


Based on RF agreements, it could be observed that:
1. UE only needs to meet requirements for 1 AoA offset
2. The AoA offset can be declared by UE or pre-defined in the specification
According to the approved TR 38.871, several test setups were evaluated during the SI and measurement setup with full degrees of freedom for AoA1 with fixed angular Offset(s) between AoA1 and AoA2 is selected as the baseline in Rel-18, as summarized below:
	This clause describes the UE RF testing methodology for multi-Rx chain DL reception for FR2. The following candidate measurement setups are investigated:
[bookmark: OLE_LINK1]	-	Measurement Setup with Full Degree of Rotation Freedom for Each AoA
	-	Measurement Setup with Full Degrees of Freedom for AoA1 with Fixed Angular Offset(s) Between AoA1 and 		AoA2
	-	Measurement Setup with Full Degrees of Freedom for AoA1 with Variable Angular Offset(s) between AoA1 and 		AoA2
	-	Measurement Setup with Full Degrees of Freedom for AoA1 with Partial Freedom of Variable Angular Offset(s) 		between AoA1 and AoA2
	-	Measurement Setup with Full Degrees of Freedom for AoA1 with Fixed AoA2/Anchor in NF
	-	Measurement Setup with Test Modes
	-	Measurement Setup to reduce sensitivity to UE orientation in holder with full degrees of freedom for AoA1 with 		fixed angular offset(s) between AoA1 and AoA2
[bookmark: _Hlk149314480]Through the analysis of system complexity, chamber footprint, upgradeability of existing system, development lead time, measurement uncertainty, and test time aspects, the measurement setup with full degrees of freedom for AoA1 with fixed angular Offset(s) between AoA1 and AoA2 is selected as the baseline in Rel-18., 



Observation 2: RF testing for multi-RX is based on full degrees of freedom for AoA1 with fixed angular Offset(s) between AoA1 and AoA2.
For the testing methodology, more details can be found in TS 38.871 as follows:
Due to the fixed offset between AoAs, the AoA2 probe cannot track/follow a DUT’s reference direction, e.g., beam peak, during testing as illustrated in Table 5.2.2-1 for two different DUT orientations/test points.
Table 5.2.2-1: Lack of ability of tracking a DUT reference direction
	DUT Orientation 
(, )
	Offset Option: fixed angular offset(s) between AoA1 and AoA2

	(0°, 0°)
	[image: ]

	(45°, -45°)
	[image: ]



This measurement setup has its pros/cons summarized in Table 5.2.2-2. 
Table 5.2.2-2: Overview of Measurement Setup
	Description
	Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2

	Probe Offset Option
	Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing

	Pros
	-    System complexity is manageable
-    Existing systems, e.g., 2 AoA FR2 RRM, can be re-used (as long as common AoA2 probe locations are defined)
-    Small chamber footprint/chamber heights
-    Little to no development time/TTM
-    Little to no impact in MU
-    Multiple AoA1/AoA2 combinations can be tested
-    A wide range of angular difference between AoA1 and AoA2 can readily be tested
-    IFF methodology can be applied for each AoA probe for lowest MU and widest applicability.

	Cons
	-    AoA2 cannot follow/track a specific reference direction


It could be observed that the offset between AoA1 and AoA2 is not changing during the test. For one test point, the result is “pass” or “not pass” for the selected AoA beam.
Observation 3: Based on RF test methodology, for one test point, the result is “pass” or “not pass” for the selected AoA beam with fixed AoA offset.
Then, after the scanning, we can have a set of test points where UE can pass the RF testing by fixed AoA offset.

Number of active probes
For number of active probed needed in the test, there are relative discussion in FR2 OTA SI, with following conclusions [6].
	· Option 1 (Qualcomm): Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 5: Illustration of Dual TCI switches simultaneously with 4 probes
For option 1, in the period of T1, DUT connects TCI state 0 and TCI state 1 via probe#1 and probe#2 respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between probe#1 and probe#4, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between probe#2 and probe#3.
· Option 2: Dual TCI switches sequentially, probe number for multiple AoA test system is at least 
[image: ]
Figure 6: Illustration of Dual TCI switches simultaneously with 3 probes
For option 2, in the period of T1, DUT connects TCI state 0 via probe#1. In the period of T2, TCI state 0 (anchor TCI) firstly switches to TCI state 2 via switching between probe#1 and probe#3. Then the TCI state 1 is added via probe#2.
· Option 3: Dual TCI switches simultaneously, but the beam directions are not changed, probe number for multiple AoA test system is at least 2
 [image: ]
Figure 7: Illustration of Dual TCI switches simultaneously with 2 probes
For option 3, in the period of T1, DUT connects TCI state 0 and TCI state 1 via Pol.H of probe#1 and Pol.H of probe#2, respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between Pol.H and Pol.V of probe 1, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between Pol.H and Pol.V of probe 2. Note that in option 3, different SSB IDs are transmitted from two polarizations in T1 and T2.  


The essential problem is how many active probes are needed for RRM test cases. It is identified that the most critical case is for dual TCI state switching from dual TCI to dual TCI. In general, there are following cases for TCI state switching requiring different number if active probes:
Table I. Number of active probes needed for RRM test cases
	Case
	TCI state switching 
	Number of active probes

	Case 1
	Single TCI to dual TCI [RS1] to [RS1, RS2]
	2

	Case 2
	Single TCI to dual TCI [RS1] to [RS2, RS3]
	3

	Case 3
	Dual TCI to single TCI [RS1, RS2] to [RS1]
	2

	Case 4
	Dual TCI to single TCI [RS1, RS2] to [RS3]
	3

	Case 5
	Dual TCI to dual TCI [RS1, RS2] to [RS1, RS3]
	3

	Case 6
	Dual TCI to dual TCI [RS1, RS2] to [RS3, RS4]
	4


Based on above table, Case 6 is the only case where 4 active probes are needed. For case 6, it means the test case can only be conducted if there exists two AoA pairs from which UE can perform simultaneous reception for a single test point (assuming that the position of the DUT will not be changed during one test). In details, for the example in the figure in option 1, for a single test point, {probe#1, probe#2} and {probe#3, probe#4} should all be the AoA pairs that UE can perform simultaneous reception. In other words, for each point, there should be two AoA pairs can meet corresponding RF requirements. However, the above condition is very difficult to be met. Based on the progress on test set up, there is only limited probes in the test environment (e.g. 5 or 6), which means it is very likely that at most 1 qualified AoA pairs can be found for each test point.
Observation 4: Based on current RF test methodology, for one test point, one qualified AoA pair with fixed offset can be found. However, for case 6, it requires two qualified AoA pairs for one test point, which cannot be supported.
From necessity of having the test case, the purpose to verify that UE can have two panel/Rx ready for simultaneous data reception as required by the TCI switching delay. Thus, for case#2 and case#6, the requirements are the same where UE shall be ready for simultaneous data reception with different QCL typed with two new TCI states.
Observation 5: The purpose of have dual TCI state switching test case is to verify that UE can have two panel/Rx ready for simultaneous data reception as required by the TCI switching delay.
Observation 6: Case#2 ([RS1] to [RS2, RS3]) and case#6 [RS1, RS2] to [RS3, RS4] can serve the same purpose that UE shall be ready for simultaneous data reception with different QCL typed with two new TCI states.
Thus, from the necessity perspective, we fail to see the need to have the test case which cannot be supported by current test methodology.
Proposal 3: RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI ( [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed, since the performance can be verified by Single TCI to dual TCI( [RS1] to [RS2, RS3]).

Fast beam sweeping for L1 measurements
For SSB based L1 measurements, the enhancement of faster beam sweeping is introduced and the reduced beam sweeping factor is applied to SSB based L1 measurements according to UE capability. L1 measurements includes RLM, BFD/CBD and L1-RSRP measurements. In FR2, there are a lot of test cases defined for SSB based L1 measurements.
Table II. Test cases of legacy SSB based L1 measurements
	L1 Measurement
	Test Cases

	RLM
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in non-DRX mode

	
	Radio Link Monitoring In-sync Test for FR2 PCell configured with SSB-based RLM RS in non-DRX mode

	
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode

	
	Radio Link Monitoring In-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX mode

	BFD and Link Recovery
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in non-DRX mode

	
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in DRX mode

	
	TRP specific Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in non-DRX mode

	L1-RSRP
	SSB based L1-RSRP measurement when DRX is not used

	
	SSB based L1-RSRP measurement when DRX is used


However, there is no need to verify the faster beam sweeping for each type of L1 measurements. We suggest to verify the capability of faster beam sweeping on one type of L1 measurements. For example, SSB based out-of-sync/BFD/L1-RSRP test in non-DRX mode can be used to verify faster beam sweeping on RLM/BFD/L1-RSRP measurements respectively.
Proposal 4: For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.

Scheduling/measurement restrictions for L1 measurements
For CSI-RS based L1 measurements, the enhancement of relaxed measurement/scheduling restrictions is considered when some conditions are met. In TS38.133, only two test cases of verifying scheduling restrictions requirements for SSB based L1 measurements have been defined for FR2-1, and there is no test case to verify measurement restrictions requirements. Based on RAN4 discussion, the conditions for measurement restrictions relaxation are quite similar with the conditions for scheduling restrictions relaxation, which means that the test environments for measurement restrictions relaxation and scheduling restrictions relaxation will be almost the same. So, we suggest to introduce one test case to verify the scheduling restrictions relaxation on CSI-RS based L1 measurements.
Proposal 5: For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
Conclusions
In this paper we provided our analysis on the impacts on RRM performance for FR2 multi-Rx DL receptions. The followings are provided.
Proposal 1: 4-layer MIMO is not considered in RRM test cases.
Observation 1:  Most RRM requirements are evaluated implicitly by demodulation performance (e.g. ACK/NACK feedback), which the SINR conditions shall be guaranteed.
Proposal 2: The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
Observation 2: RF testing for multi-RX is based on full degrees of freedom for AoA1 with fixed angular Offset(s) between AoA1 and AoA2.
Observation 3: Based on RF test methodology, for one test point, the result is “pass” or “not pass” for the selected AoA beam with fixed AoA offset.
Observation 4: Based on current RF test methodology, for one test point, one qualified AoA pair with fixed offset can be found. However, for case 6, it requires two qualified AoA pairs for one test point, which cannot be supported.
Observation 5: The purpose of have dual TCI state switching test case is to verify that UE can have two panel/Rx ready for simultaneous data reception as required by the TCI switching delay.
Observation 6: Case#2 ([RS1] to [RS2, RS3]) and case#6 [RS1, RS2] to [RS3, RS4] can serve the same purpose that UE shall be ready for simultaneous data reception with different QCL typed with two new TCI states.
Proposal 3: RAN4 don't define test cases for dual TCI state from dual TCI to dual TCI ( [RS1, RS2] to [RS3, RS4]) where 4 active probes are needed, since the performance can be verified by Single TCI to dual TCI( [RS1] to [RS2, RS3]).
Proposal 4: For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of faster beam sweeping on each type of SSB based L1 measurements.
Proposal 5: For R18 multi-Rx reception, it is suggested to introduce one test case to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
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