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1. Introduction
In RAN4 #110 meeting, the performace part of FR2 HST was discussed and the WF[1] was agreed. The remaining issue is 2AoA setup for multi-Rx chain DL reception for SSB based L1-RSRP test case in FR2 HST. In this contribution, we would like to give some further views on the remaining issue. 
2 Discussion
2.1 Necessity on defining a new AoA setup for Rel-18 FR2 HST
2.1.1 Background on RF perspective: 2AoA spherical coverage for power class 6 specified in TS 38.101-2
In Rel-18, a new spherical coverage requirement for simultaneous reception from multiple directions for PC6 was defined in TS 38.101-2 Section 7.3K.6. For convenience, we duplicate the RF requirements as below. 
	[bookmark: _Toc145920232][bookmark: _Toc155389468][bookmark: _Toc155406534][bookmark: _Toc161831830][bookmark: _Toc163204927][bookmark: _Hlk145919448]7.3K.6 2AoA spherical coverage for power class 6
The requirements for a power class 6 UE are applicable with network signalling highSpeedDeploymentTypeFR2-r17 configured as bidirectional. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a in clause 6.2.1.6, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex L.1. If one AoA is within Area-1 and another AoA is within Area-2, the 2AoA spherical coverage requirements apply with DL power specified in Table 7.3K.6-1 for the PDSCH of each AoA. For any AoA pair selected from Area-1 and Area-2, respectively, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels. The requirement is verified with a 150° angular separation between 2AoAs. The requirement is verified with the test metric of Throughput (Link=2AoA Spherical coverage grid, Meas=Link angle).
Table 7.3K.6-1: DL power for 2AoA spherical coverage requirement for power class 6
	Operating band
	PDSCH DL power over UE spherical coverage evaluation areas (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-82.6
	-79.6
	-76.6
	-73.6

	n258
	-82.8
	-79.8
	-76.8
	-73.8

	n261
	-82.6
	-79.6
	-76.6
	-73.6

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The 2AoA spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:	The requirements in this table are applicable with the network signalling highSpeedMeasFlagFR2-r17 configured as set2.



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 2AoA spherical coverage shall be verified with the network signalling value NS_200 (Table 6.2.3.1-1) configured.


2.1.2 Background on RRM perspective: 2AoA Setup for FR2 RRM TCs specified in TS 38.133
If we look at the current Spec. TS 38.133 A.3.15, copied as below and recall the discussions happened in the Rel-15, we can find that:
· There are four AoA setups: Setup 1: Single AoA in Rx beam peak direction; Setup 2: Single AoA in non Rx beam peak direction; Setup 3: 2 AoAs; Setup 4: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak. 
Regarding the 4 setups. Thereinto, the purpose of Setup 4 is to allow test coverage of scenarios with large SS-RSRP difference or large Io difference [2]. 
	A.3.15	 Angle of Arrival (AoA) for FR2 RRM test cases
This clause specifies the AoA setups for FR2 RRM test cases in clause A.5 and A.7. The applicable AoA setup is defined in each test case in clause A.5 and A.7.
[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
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.


Besides, according to the baseline setup captured in TR 38.810 that there is one case can support simultaneous transmission of signals from 2 probes for sure. However, in such case, the UE is expected to tune the RX beam to one of the directions at one time instance, and based on the agreements achieved in RAN4 #89, the maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam is used to determine SINR. The corresponding agreement is copied below
	· Case 2: Simultaneous transmissions from 2 probes 
· The lower bound of maximum feasible SINR
· Use maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam to determine SINR
· The antenna gain difference for dual directions on the same UE RX beam (decided by D defined in slide 8 and 9) will be further discussed in the RRM room as a part of performance requirements definition
· Lower bound of SINR can be derived based on the Equations in slide 7.


Go back to the latest progress. In last meeting, for AoA setup for multi-Rx chain DL reception in Rel-18 FR2 HST, we achieved the following agreement:
	Issue 1-1-1 AoA setup for multi-Rx chain DL reception in Rel-18 FR2 HST
Agreement in Ad-hoc minutes:
	Agreement:
For FR2 PC6 UE, 
· 2AoA Setup 3, the Relative angular offset between active probes: 
· Only keep 150 degree as option





2.1.3 Background on the existing AoA setup for L1-RSRP measurement for beam reporting
The existing AoA setup for L1-RSRP measurement for beam reporting is Setup 1 according to A.3.15.1 (please find in TS 38.133 A7.6.3.5), where setup 1 means the TE input signal is aligned to the UE Rx beam peak direction. We also have the following corresponding agreement in terms of rough/fine beam. 
	R4-1904784, Ad Hoc minutes for NR RRM test cases
	L1-RSRP
	29A
	Beam management: L1-RSRP reporting
	Rough





Based on the above background, we have the following observations:
Observation 1: The spherical coverage requirement for simultaneous reception from multiple directions to PC6 should satisfy 7.3K.6 instead of 7.3.4.6.
In essense, the legacy RF requirement (Section 7.3.4.6) 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. 
Observation 2: The existing 2AoA Setup 3 cannot be directly used when performing simultaneous L1-RSRP measurement with multi-panel, since:
· The setup is based on the assumption that at one time instance, there is only one beam to receive
· For the setup, the two active probes, align to directions which are from the set of directions corresponding to the EIS spherical coverage, i.e., non-peak beam direction instead of peak beam direction, the setup is not fully compliant with the idea of AoA setup design of the L1-RSRP measurement originated from Rel-15 discussion 
Observation 3: The existing 2AoA setup 4 is used to test coverage of scenarios with large SS-RSRP difference or large Io difference, it is unavailable in HST multi-panel simultaneous L1-RSRP measurement scenario
Observation 4: No matter from RF respective or RRM perspective, the angular separation between 2AoAs is only 150° for PC6
From this, we have the following proposal
Proposal 1: The existing AoA setups are not applicable to the test for SSB based L1-RSRP measurement for power class 6 UE supporting SimultaneousReceptionFR2HST-r18
Proposal 2: It is necessary to define a new AoA setup to support the SSB based L1-RSRP measurement test on FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18
[bookmark: _GoBack]2.2 How to define new AoA setup
Theoretically, there can be 3 kinds of definitions based on the combination of peak and non-peak beam direction: 
· Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 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
However, a Measurement Setup was indicated in TS 38.810
	[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 limitation, that means the Setup Xa (beam peak+beam peak) is almost impossible. 
Proposal 3: RAN4 not to consider the following 2AoA setup in FR2 HST:
· 2 AoAs, both AoAs are in Rx beam peak directions
At the same time, in order to accommodate the idea of AoA setup design of the L1-RSRP measurement (rough peak beam), from our understanding, Setup Xc: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak direction maybe is more reasonable and suitable. In such Setup, UE search beam peak by using measurement grid to ensure one probe is aligned to the peak beam direction for one out of two panels (e;g. panel 1), while the other probe is aligned to non-peak beam direction for the remaining panel (panel B), which is from the set of directions corresponding to the spherical coverage. 
Actually, at first, we have a little concern on the peak+non-peak beam setup, since considering that UE use two panels/chains to receive the different QCL Type D signals simultaneously, the antenna/beamforming gain of the two Rx chains may be different, thus some more uncertain gain difference parameters (e.g., Y-Z) cross the two panels may be introduced, which cannot be determined easily. 
However, considering in HST, the relative angular offsets between active probes 150° for PC6, it is reasonable to assume that the gain of non-peak beam is close to peak beam, that is to say, the margin brought by the gain difference or the RSRP difference of the two beams are small. And in this sense, the Setup Xc: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak direction is feasible.
Proposal 4: Define a new AoA setup to support the SSB based L1-RSRP measurement test on FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18
· Setup Xc: 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
2.3 Accuracy requirement
Since the measurement period/delay, accuracy and side conditions are impacted each other. It would better to foresee the absolute accuracy requirement effect if the new AoA setup, i.e., 1 AoA in Rx beam peak direction, 1 in non Rx beam peak is considered. As above mentioned, multi-Rx chain is considered, no matter a BB module/separate BB module is considered, some unavoidable extra difference shall be considered across different Rx chains, for example, misalignment between the beams cross different panels, margin due to difference between antenna gain difference of different panels. In this sense, a straightforward and brute force way is to limit legacy accuracy requirements on each Rx chain, that is
Proposal 5: Under FR2 HST multi-Rx chain DL reception scenario, the legacy accuracy requirements in section 10.1.20 of TS 38.133 for L1-RSRP measurement should be satisfied for each Rx chain. 
· With this clarification, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
However, if some differences cross different panels (e.g., misalignment between the beams, margin due to difference between antenna gain difference of different panels) are need to be considered, the existing absolute L1-RSRP accuracy requirement could be relaxed for multi-Rx with additional margin.
Proposal 6: If some differences cross different panels are need to be considered, RAN4 to discuss whether the existing absolute L1-RSRP accuracy requirement could be relaxed for FR2 HST multi-Rx simultaneous reception with additional margin
2.4 Other issues
2.4.1 Interference assumption
The assumption we considered here is the assumption of interference impact from the other probe. According to the RF analysis, we can assume that the interference impact from probe #2 can be neglected when the wanted signal SSB from probe #1 is received at Rx beam peak direction associated with panel #1. Besides, as a possible case, based on the RF requirements, we can assume the offsets as , in such case, the interference from probe 2 can be ignored.
Proposal 7: In Rel-18 FR2 HST multi-Rx simultaneous reception scenario, RAN4 to consider the ideal rejection from the direction of interfering probe when the wanted single is transmitted from the desired probe
2.4.2 Test method design on SSB resources transmission
In the existing design, for L1-RSRP measurement reporting, the AoA Setup 1 configuration with rough beam is considered for PC6 UE configured with highSpeedMeasFlagFR2-r17. And two SSB resources are transmitted in TDM manner from the same direction with different power level.
In order to make the SSB based L1-RSRP measurement test for FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18 doable, from our understanding, we can inherit the principle of designing the test method above mentioned but with some modifications to accommodate the multi-Rx simultaneous reception with different QCL Type D RSs. 
To enable UE to compare different Tx beams, 4 RS resources (i.e., SSB resources) are used for L1-RSRP reporting in the test cases, that is SSB#0, SSB#1, SSB#2, SSB#3. Specifically, the four SSBs have different power level. Among them, the SSB#0 and SSB #2 are transmitted in the same AoA, SSB #2 with high SNR; SSB#1 and SSB #3 are transmitted in the same AoA, SSB #3 with high SNR. {SSB#0, SSB#1} and {SSB#2, SSB#3} are transmitted simultaneously from two AoAs during different duration. 
· During T1, {SSB#0, SSB#1} are transmitted simultaneously from two active probes and with different power levels (e.g. SSB#1 has higher power level), while RSRPs of {SSB#2, SSB#3} are quite low, e.g., { –Infinity, –Infinity}. 
· During T2, the RSRP on the {SSB#2, SSB#3} are increased to be higher than that for {SSB#0, SSB#1},separarely. As one of the possible settings: SSB#2 with high SNR compared to SSB #1, and SSB#3 has higher power level than SSB #2. 
· Correct UE should report SSB#3 as the best beam within the specified measurement period.
At the same time, we think the 4 SSBs design can be reasonable, since power consumption is not critical for PC6, the UE can active two back-to-back panels always. 
The test case can be found in our draft test case CR.
Based on 38.871 measurement setup for Category 1, as below, it is also possible to consider 3 SSBs design
[image: ]
· During T1, SSB#0 is transmitted from one active probes,  i.e., { SSB#0, –Infinity}. 
· During T2, {SSB#1, SSB#2} are transmitted simultaneously from two active probes, the RSRP on the SSB#1 is increased to be higher than that for SSB#0. And the SSB#2 has higher power level than SSB #1. 
· Correct UE should report SSB#2 as the best beam within the specified measurement period.

3 Conclusions
In this contribution, we provided our initial viewpoints to performance requirement for FR2 HST. The following observations and proposals are obtained:

Observation 1: The spherical coverage requirement for simultaneous reception from multiple directions to PC6 should satisfy 7.3K.6 instead of 7.3.4.6.
Observation 2: The existing 2AoA Setup 3 cannot be directly used when performing simultaneous L1-RSRP measurement with multi-panel, since:
· The setup is based on the assumption that at one time instance, there is only one beam to receive
· For the setup, the two active probes, align to directions which are from the set of directions corresponding to the EIS spherical coverage, i.e., non-peak beam direction instead of peak beam direction, the setup is not fully compliant with the idea of AoA setup design of the L1-RSRP measurement originated from Rel-15 discussion 
Observation 3: The existing 2AoA setup 4 is used to test coverage of scenarios with large SS-RSRP difference or large Io difference, it is unavailable in HST multi-panel simultaneous L1-RSRP measurement scenario
Observation 4: No matter from RF respective or RRM perspective, the angular separation between 2AoAs is only 150° for PC6
Proposal 1: The existing AoA setups are not applicable to the test for SSB based L1-RSRP measurement for power class 6 UE supporting SimultaneousReceptionFR2HST-r18
Proposal 2: It is necessary to define a new AoA setup to support the SSB based L1-RSRP measurement test on FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18
Proposal 3: RAN4 not to consider the following 2AoA setup in FR2 HST:
· 2 AoAs, both AoAs are in Rx beam peak directions
Proposal 4: Define a new AoA setup to support the SSB based L1-RSRP measurement test on FR2-1 PC6 UEs supporting SimultaneousReceptionFR2HST-r18
· Setup Xc: 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
Proposal 5: Under FR2 HST multi-Rx chain DL reception scenario, the legacy accuracy requirements in section 10.1.20 of TS 38.133 for L1-RSRP measurement should be satisfied for each Rx chain. 
· With this clarification, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
Proposal 6: If some differences cross different panels  are need to be considered, RAN4 to discuss whether the existing absolute L1-RSRP accuracy requirement could be relaxed for FR2 HST multi-Rx simultaneous reception with additional margin
Proposal 7: In Rel-18 FR2 HST multi-Rx simultaneous reception scenario, RAN4 to consider the ideal rejection from the direction of interfering probe when the wanted single is transmitted from the desired probe
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Figure 6.2.1-1: Example measurement setup for Category 1 scenario




