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1. Introduction
In RAN4 #110 meeting, the performace part of multi-Rx was initially discussed and the WF[1] was agreed. In this contribution, we would like to give some further views on the multi-Rx performance TC design. 
2 Discussion
2.1 Test cases design
2.1.1 Whether to define new 2AoA setup for multi-Rx
In this part, we would like to give some explanations on the necessity of defining new 2AoA setup for multi-Rx. The main reasons are: 
Reason 1: The existing 2AoA Setup for FR2 RRM TCs Specified in TS 38.133 A.3.15.3/A.3.15.4 is not suitable for multi-Rx scenario. 
For convenience, we duplicate the 2AoA Setup requirement specified in TS 38.133 and EIS (effective isotropic sensitivity) spherical coverage specified in TS 38.101-2 as below. 
	TS 38.133
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. 
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.
TS 38.101-2
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The reference measurement channels and throughput criterion shall be as specified in clause 7.3.2.3
The maximum EIS at the 50th percentile of the CCDF of EIS measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 7.3.4.3-1 below. The requirement is verified with the test metric of EIS (Link=Spherical coverage grid, Meas=Link angle).
For the UEs that support multiple FR2 bands, the minimum requirement for EIS spherical coverage in Table 7.3.4.3-1 shall be increased per band, respectively, by the EIS spherical coverage relaxation parameter ∆MBS,n as specified in clause 6.2.1.3.  The requirement for the UE which supports a single FR2 band is specified in Table 7.3.4.3-1. The requirement for the UE which supports multiple FR2 bands is specified in both Table 7.3.4.3-1 and Table 6.2.1.3-4.
Table 7.3.4.3-1: EIS spherical coverage for power class 3
	Operating band
	EIS at 50th %-tile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	N.A
	N.A
	N.A

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	N.A
	N.A
	N.A

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	N.A
	N.A
	N.A

	n263
	N.A
	-66.2
	N.A
	-60.2
	-57.2
	-54.2
	-53.2

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.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 that specified in Table 7.3.2.1-2.
Unless given by Table 7.3.2.1-3, the minimum requirements for reference sensitivity shall be verified with the network signalling value NS_200 (Table 6.2.3-1) configured. 


Actually, we also obtained a corresponding agreement, follow:
	# 90-bis R4-1904770, Way Forward on AoA for FR2 RRM Testing
Choice of AoA for Setup#3
· The AoA pair should be chosen randomly from the applicable directions(both directions have to be within the top specified %-ile of spherical EIS)
· The TE should pick the AoAs such that the relative AoA offset is from the set of applicable AoA offsets for the respective power class
· Set of applicable AoA offsets for PC3: 30°, 60°, 90°, 120° and 150°
· The relative AoA offset should be changed for each test iteration 
· Details on how to change the relative AOA offset will be decided by RAN5


However, a multi-Rx specified 2AoA spherical coverage requirement of power class 3 was defined in TS 38.101-2 7.3K.3, copied as below
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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 applies to 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 required to fulfil the requirement at any one declared AoA separation. 
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





We believe that means the 2AoA for multi-Rx are from the set of directions corresponding to the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2 (Setup 3: 2 AoAs) or the second is aligned to a direction (AoA) which is from the set of directions corresponding to the spherical coverage as defined in clause 7.3K.3 of TS 38.101-2 (Setup 4) instead of clause 7.3.4. In essense, the legacy RF requirement can not be considered in the multi-Rx DL simultaneous reception scenario since we can’t ensure the “like” directions are to different panels based on 7.3.4. Meanwhile, the a new “Probability” principle was introduced in Rel-18 Multi-Rx RF.
Proposal 1: For multi-Rx DL simultaneous reception, the choice of AoA for Setup#3 or Setup#4 should meet the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2
Reason 2: AoA separation declaration will likely be a need in the 2AoA Setup (2 AoAs are in non Rx beam peak direction) for multi-Rx FR2 RRM TCs 
Please find the explanation in Section 2.1.2.
Proposal 2:It is necessary to define new 2AoA setup for multi-Rx, since 
1.  The existing 2AoA Setup for FR2 RRM TCs Specified in TS 38.133 A.3.15.3/A.3.15.4 is not suitable for multi-Rx scenario.
2. AoA separation declaration will likely be a need at least in the 2AoA Setup, 2 AoAs are both in non Rx beam peak direction, for FR2 RRM TCs in multi-Rx
At the same time, we found that the Setup 4 discussed in the previous release is for large Io/large SS-RSRP, we wonder the availability of the existing setup in multi-Rx.
2.1.2 AoA selection in RRM test cases for multi-Rx
Regarding AoA selection, there are two methods specified in TS 38.810, copied as below:
	[bookmark: _Toc21020193][bookmark: _Toc29813025][bookmark: _Toc29813291][bookmark: _Toc52565509][bookmark: _Toc137568822][bookmark: _Toc138875749][bookmark: _Toc138876231]6.2.1 Baseline setup
For selecting the testing direction (AoA to test the requirement) fulfilling certain preconditions, two methods are feasible from the perspective of RRM baseline measurement setup, as follows:
-	Method 1: Run a pretest in the RRM baseline measurement system to identify all the directions (with a given spatial granularity) at which the UE fulfils a given precondition (e.g. spherical coverage EIS). The testing directions are then chosen out of the valid directions, following a given rule. The precondition to be fulfilled, and the rule how to select the testing direction out of the valid directions, are specified in the test description.
-	Method 2: For each given potential direction, test first a given precondition (e.g. minimum TP for a given power), which validates the direction as valid for testing or not. If the direction is valid, test the requirement, if not, jump to the next potential direction following a given rule. The rule how to select the potential directions and the precondition to validate them as testing direction, are specified in the test description.


A detailed procedure corresponding to Method 1 can be found in [3]. Based on the current definition, let us give some explanations on our option 2, actually our option 2 comes from Method2. 
	Issue 2-2: AoA selection in RRM test cases
· FFS following options
· Option 1: 
· 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.
· Option 2: 
· The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
· For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
· Option 3: 
· Do not discuss the method of AoA selection for RRM test cases


If we look at the 7.3K.3, we will notice that there is a statement “The UE is required to fulfil the requirement at any one declared AoA separation”, that means for non-peak beam + non-peak beam case, the declared AoA separation is prioritied to be considered, in which the requirement can be more easily guaranteed. Based on the above mentioned, from RRM perspective, we have two solutions for our 2AoA selection RRM TC under multi-Rx for each 2AoA setup.
A. Setup 3: 2 AoAs
(1 AoA in non Rx beam peak direction, 1 AoA in non Rx beam peak)
Alt. 1: Directly inherit/select the declared AoA separation and all the corresponding directions defined in RF requirements which is similar to Method 1.
For example, if RF declares a , RRM can directly consider the declared   and all the directions in RRM TC design, which is more efficient and save test time. However, AoA separation declaration will likely be a need in the AoA Setup for FR2 RRM TCs Specified in TS 38.133 A.3.15.3.
Alt. 2: No need to place a constraint on the 2AoA (limit to the declared AoA separation in RF requirements). The AoA pair should be chosen randomly from the applicable directions (both directions should satisfy the spatial side condition), while it yields unacceptably long test times. Alt.2 corresponding to option 2/Method 2. And that’s why we think AoA(s) offset selection can has higher degrees of freedom than RF in RRM, and is not subject to the RF requirement (i.e., the declared AoA separation) in our previous TDoc .
Observation 1: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, AoA in non Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 Directly use the declared AoA separation and all the corresponding directions defined in RF requirements
· Alt.2 The AoA pair should be chosen randomly from the applicable directions (both directions should satisfy the spatial side condition)
Based on above analysis, if majority think Alt.1 is more reasonable, feasible and efficient, we can aslo prefer to choose Alt.1, but at first, RAN4 should
Proposal 3: RAN4 to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements in 2AoA setup for multi-Rx, the 2 AoAs are both in non Rx beam peak direction.
B. Setup 4: 2 AoAs
(2 AoAs, 1 AoA in Rx beam peak direction, 1 AoA in non Rx beam peak)
Alt. 1: The non Rx beam peak AoA can be chosen randomly from the applicable directions(chosen from the directions satisfied the spatial side condition) .  Alt.2 corresponding to option 2
Alt. 2: For non Rx beam peak AoA, take the RF declared AoA separation and all directions as the priority/start potential selection and validates whether the declaration is valid for testing or not, if not, change another one. 
Observation 2: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, 1 AoA in Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 The non Rx beam peak AoA can be chosen randomly from the applicable directions(chosen from the directions satisfied the spatial side condition)
· Alt.2 For the non Rx beam peak AoA, take the RF declared AoA separation and all directions as the priority potential selection 
2.1.3 How to define new 2AoA setup for multi-Rx
The following information is mentioned in TS 38.871:
	[bookmark: _Toc155642284]5.2.2 Measurement Setup with Full Degrees of Freedom for AoA1 with Fixed Angular Offset(s) Between AoA1 and AoA2
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.


Based on the clarification, we acknowledge the Setup Xa (beam peak+beam peak) is almost impossible in multi-Rx supported PC3, and based on the simulation results in HST, we found the  “beam peak” related case is not rigorous as well, although the gain of non-peak beam is close to peak beam when relative angular offset between active probes is 150° in HST (back-to-back),. We suggest not to consider Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions in multi-Rx.
Proposal 4: For 2AoA setup in multi-Rx, not to define Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions
From our understanding, there are 2 cases for the new 2AoA setup under multi-Rx chain DL reception. 2 AoAs (non peak +non peak) and 2 AoAs (non peak + peak) for multi-Rx chain DL reception. All in all, we have the following proposal: 
Proposal 5:
Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· It is necessary to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
· Setup Xb: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· It is necessary to discuss whether RRM can consider the RF declared AoA separation and all directions  as the priority potential selection
2.1.4 Test case(s) for group-based beam reporting
From our understanding, for all the SSB-based L1 measurement (L1-RSRP/BFD/RLM/CBD), the enhanced RRM core requirement in terms of number of Rx beams were defined with new UE capability supporting beam sweeping factor reduction, which is not related to GBBR. While, for scheduling restriction, the GBBR should be needed to obtain the beam pair, the beam pair is used to ensure simultaneous reception and somewhat put a constraint on QCL assumption , and the groupBasedBeamReporting is configured as 'enabled' in such case. From this, GBBR should be considered in the TC for scheduling restriction to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements.
Proposal 6: GBBR is to be considered in the TC for scheduling restriction to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements in multi-Rx.
3 Conclusions
In this contribution, we provided our initial viewpoints to performance requirement for multi-Rx. The following observations and proposals are obtained:
Proposal 1: For multi-Rx DL simultaneous reception, the choice of AoA for Setup#3 or Setup#4 should meet the spherical coverage requirement for simultaneous reception from multiple directions as defined in clause 7.3K.3 of TS 38.101-2
Proposal 2:It is necessary to define new 2AoA setup for multi-Rx, since 
1. The existing 2AoA Setup for FR2 RRM TCs Specified in TS 38.133 A.3.15.3/A.3.15.4 is not suitable for multi-Rx scenario.
2. AoA separation declaration will likely be a need at least in the 2AoA Setup, 2 AoAs are both in non Rx beam peak direction, for FR2 RRM TCs in multi-Rx
Proposal 3: RAN4 to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements in 2AoA setup for multi-Rx, the 2 AoAs are both in non Rx beam peak direction.
Proposal 4: For 2AoA setup in multi-Rx, not to define Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions
Proposal 5:
Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· It is necessary to discuss whether RRM need to consider the declared AoA separation and all the corresponding directions defined in RF requirements
· Setup Xb: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
· It is necessary to indicate the spherical coverage requirement for simultaneous reception from multiple directions is 7.3K.3
· It is necessary to discuss whether RRM can consider the RF declared AoA separation and all directions  as the priority potential selection
Proposal 6: GBBR is to be considered in the TC for scheduling restriction to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements in multi-Rx.
Observation 1: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, AoA in non Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 Directly use the declared AoA separation and all the corresponding directions defined in RF requirements
· Alt.2 The AoA pair should be chosen randomly from the applicable directions (both directions should satisfy the spatial side condition)
Observation 2: For multi-Rx, there are at least two Alt.s to select the AoA in 2 AoAs, 1 AoA in Rx beam peak direction, 1 AoA in non Rx beam peak setup
· Alt.1 The non Rx beam peak AoA can be chosen randomly from the applicable directions(chosen from the directions satisfied the spatial side condition)
· Alt.2 For the non Rx beam peak AoA, take the RF declared AoA separation and all directions as the priority potential selection 

4 References
[1] R4-2403560, “WF on core maintenance and performance part for multi-Rx WI”, vivo, Ericsson
[2] R4-2217732, “WF on System parameter assumption, UE architecture and test setup”, Apple
[3] 	R4-1900504, “On RRM AoA Selections”, Keysight Technologies
