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In this contribution we provide our views on the RRM measurement accuracy requirements for group-based beam reporting.  
Discussion
In RAN4#110bis, following WF is agrees.
· The legacy accuracy requirements for L1-RSRP measurement in section 10.1.20 of TS 38.133 apply to L1-RSRP measurements with Rel-17 group-based beam reporting.
· Further discuss whether the existing G for PC3 is still applicable or needs to be revised for the TC. Company to bring CR on the TC in the next meeting, whether the TC can be agreed will be decided in the next meeting.
As per the above agreement, L1-RSRP accuracy for individual beam measurement is agreed to be same as legacy accuracy requirements. However, in the test case, RAN4 further needs to decide on the G value. In this paper, we provide our analysis on the accuracy test case and whether there is a need for new G value for the test case.
GBBR measurement accuracy requirements 
Before analyzing the accuracy requirements of the GBBR, we look at the GBBR reporting format. When NW configures UE with groupBasedBeamReporting as enabled, NW configures different CSI resource sets for the measurement and the number of groups to be reported is configured using the below mentioned RRC IE (also based on the UE reported capability). 
groupBasedBeamReporting-v1710 SEQUENCE {nrofReportedGroups-r17 ENUMERATED {n1, n2, n3, n4}}
The GBBR reporting format is was mentioned in TS 38.214 and the same is agreed in RAN1#106 meeting. We reproduce the 38.214 text and RAN1 meeting agreement below for further analysis.
TS 38.214 text for GBBR
When the higher layer parameter groupBasedBeamReporting-r17in CSI-ReportConfig is configured, the UE shall indicate the CSI Resource Set associated with the largest measured value of L1-RSRP, and for each group, CRI or SSBRI of the indicated CSI Resource Set is present first.
RAN1 Agreement
Differential reporting across all beam groups in a CSI-report
· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups
· NOTE: best beam is assumed in the 1st group 
· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups; 

To understand the RAN1 requirement on the UE measurement behaviour for GBBR and the reporting behaviour, we consider the following example, where NW configures two CSI resource sets with CSI-SSB-ResourceSetId 0 and 1.
Table 1: CSI resource set configuration for GBBR
	
	
	CSI-SSB-ResourceSetId 0 (e.g., csi-SSB-ResourceSet-r17)
	CSI-SSB-ResourceSetId 1 (e.g., csi-SSB-ResourceSetListExt-r17)

	SSBRI 
	
	0 (i.e., SSB 0)
	4 (i.e., SSB 4)

	SSBRI
	
	1 (i.e., SSB 1)
	5 (i.e., SSB 5)

	SSBRI
	
	2 (i.e., SSB 2)
	6 (i.e., SSB 6)

	SSBRI
	
	3 (i.e., SSB 3)
	7 (i.e., SSB 7)



In the group-based reporting, UE shall measure both the resource sets and report the beam pair UE can receive across the groups. As per the above RAN1 agreement and TS 38.214, if the UE founds 2 beam pairs to be reported, UE reports the group-based reporting as follows. The length of the resource set is 1 bit and differential RSRP value is 4 bits.
Table 2: Example of GBBR reporting for 2 beam pairs
	CSI-SSB-ResourceSetId
	SSBRI
	Absolute RSRP (7 bits)
	SSBRI
	Differential RSRP (4 bits)
	SSBRI
	Differential RSRP (4 bits)
	SSBRI
	Differential RSRP



From the above-mentioned resource configuration, if UE found 2 beam pairs (SSB 0, SSB 6) and (SSB 2, SSB4), the same is reported as following. 
Table 3: Example of GBBR reporting for 2 beam pairs
	0
	0
	RSRP val1
	6
	Diff val1
	2
	Diff val2
	4
	Diff val3



In the above example, based on the above report, NW can interpret that SSB 0, SSB6 is a beam pair and SSB 2, SSB4 is a beam pair. That means SSB 0 and SSB 6 shall be received simultaneously with different QCL Type D. From the measurement of the RS perspective, we can further assume that CSI-SSB-ResourceSetId 0 can be received with one panel (e.g., panel 1) and CSI-SSB-ResourceSetId 1 can be received with another panel (e.g., panel 1). 
Observation 1: Each CSI resource set can be received with different panel or RX chain.
In the above reported format, as per last meeting agreement, absolute RSRP value and differential RSRP values reported should meet the existing accuracy requirements (non-GBBR) specified in clause 10.1.20 of TS 38.133.  
In the legacy RSRP accuracy requirements, the reference point for the accuracy requirements defined in TS 38.133 are at the UE baseband. However, in the legacy RSRP test case for RSRP accuracy test, the reference point for the test case is the input of the UE antenna array. In non-GBBR L1-RSRP accuracy test, since the CSI resource is configured from the single TRP, UE can assume single panel for the L1-RSRP measurement.
When we define the RSRP accuracy test case for GBBR, we need to note that CSI resource set are from different TRP and the different CSI resource set can be measured with different panels as per observation 1. Further the RSRP value depends on whether the RSRP value is measured using RX beam peak direction or the spherical coverage direction. To define RAN4 accuracy test, we think we need to understand RAN5 test procedure for L1-RSRP accuracy test. To understand the different components involved in the RSRP test case design in RAN5, we would like illustrate clause A.2.6 of the TR 38.903. Same is copied below for reference. 
[image: ]
Figure 1: RSRP test setup for different spatial coverage directions

As per TR 38.903, RSRP value measured by UE for a signal arriving from a direction within the UE spherical coverage (i.e., not the Rx beam peak direction) can be expressed as following. 
UE-measured SS-RSRPnom = Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint
where:
Applied SSB_RP is specified in the test case, either directly as Es or derived from Noc and Es/Noc, and is in dBm per subcarrier
	UE Spherical coverage gain midpoint in dB is derived as (UE Refsens - UE Spherical coverage)/2
	UE gain G midpoint in dB is derived as (Min value of G + Max value of G)/2
For signals arriving from Rx Beam Peak direction, this gain is 5 dB and does not vary. Since the gain is 5dB for the signals arriving in Rx beam peak direction, and spherical coverage gain midpoint can be taken as 5 for Rx beam peak direction, UE measured RSRP value in Rx beam peak direction can be derived by applying UE Spherical coverage gain midpoint as 5 and UE gain G midpoint as 5. 
For Rx beam peak direction, UE-measured SS-RSRPnom = Applied SSB_RP+5 dB
Based on the above analysis we make following observation.
Observation 2: 
· For Rx beam peak direction, UE-measured SS-RSRPnom = Applied SSB_RP+5dB
· For spherical coverage direction, UE-measured SS-RSRPnom = Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint
From the TR 38.903, the reported value of the SS-RSRP is given as  
Reported SS-RSRP = UE measured SS-RSRPnom ±Spherical coverage gain variation ±UE gain variation ±UE accuracy
where:
	UE measured SS-RSRPnom is the nominal value derived from Applied SSB_RP, UE Spherical coverage gain midpoint and UE gain G midpoint
	Spherical coverage gain variation is derived from Refsens and Spherical coverage, as shown in Figure A.2.1.2-1 of 38-903
	UE gain variation is derived from Minimum and maximum values of G, as shown in Figure A.2.6.2-1 of 38-903
	UE accuracy is the absolute accuracy from the core requirement referred to in A.2.6.1 of 38-903

GBBR accuracy requirements:
As discussed above, for the GBBR report UE needs to report L1-RSRP of the beam pair. Where the beam 1 and beam 2 in beam pair are measured from different antenna panel/antenna array. Since the antenna array’s gain can be different for different beam directions, we may or may not have same gain for both the beam’s measurement. Since the reported value depends on whether Rx beam peak direction or spherical coverage direction, we first need to agree on the AoA set up for the GBBR accuracy test or in general for the RRM tests. 
Though in real deployment AoA separation cannot be guaranteed between the beam pair received at the UE, in the RRM test, to test the performance in deterministic manner, it should be tested with UE declared value. 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 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.  As per the highlighted text in the below table, the RF spherical coverage requirement is defined for the PDSCH in the 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. 
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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.


AoA setup for GBBR test
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) ((Setup X1a of the last meeting WF)
· Both signals are received in RX beam peak direction (Setup X1b of the last meeting WF)
· One signal in Rx beam peak and one signal in non-beam peak direction (RF specification refers to this as spherical coverage direction) (Setup X1c of the last meeting WF).
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 (i.e., 150 degrees). To further analyze the possibility of providing beam pair with 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 2: 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. Since the legacy RSRP test is performed using the Rx beam peak direction, at least one AoA should be considered as the Rx beam peak direction for the accuracy test of GBBR. Since the GBBR measurement is for SSB based L1-RSRP in intra-cell scenario, only one SSB can be received at UE at a time. Before start of the test, UE can be rotated to find the Rx beam peak direction and once the beam direction is found, other 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: For GBBR accuracy test, RAN4 to consider 1 AoA in Rx beam peak direction, 1 AoA in non beam peak direction. 
RSRP values to be reported for GBBR test
Based on the observation 2, for a particular band of operation, reported RSRP value for RX beam peak direction and non-beam peak or spherical coverage direction can be represented as below.
· For Rx beam peak direction, UE reported RSRP = Applied SSB_RP + UE Gain midpoint ± UE gain variation ± UE accuracy
· For spherical coverage direction, UE reported RSRP = Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint ± UE gain variation ± UE accuracy
For the beam pair reporting, UE need to report the highest beam with absolute RSRP accuracy and the other beam with relative RSRP accuracy (relative to absolute RSRP value). As per table 3, if the SSB0 and SSB6 are reported as beam pair, their RSRP value can be denoted as below.  
SSBRP_0 = Applied SSB_RP ± UE gain variation ± UE accuracy
SSBRP_6 = Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint ± UE gain variation ± UE accuracy
As per the measurement accuracy requirement defined section 10.1.20.1.2-1, if the applied SSB_RP are same for the SSB 0 and SSB 6, then the difference between SSBRP_0 and SSBRP_6 should be maximum of 13 dB. However, due to different gain values in the Rx beam peak direction and spherical coverage direction, relative accuracy in a single test cannot be verified at the TE as it is difficult to know the gain value involved in the differential RSRP reported value at the TE (for example, in the test, TE can know the values Applied SSB_RP + UE Spherical coverage gain midpoint + UE gain G midpoint and do not know the values of UE gain variation in the reported RSRP value).
We think this can be solved by defining a new test metric. If the device under test (DUT) can be assumed to be static in the test environment (i.e., without changing the direction or orientation), by repeating the same test, we can assume that the gain values for a same direction can be assumed to be same over the repeated tests. If the gain value can be same over repeated tests, reported RSRP accuracy can be tested using the difference of the RSRP from test n and n+1. Since the gain value is same and signal level is same, the value which may vary between the different test is accuracy value defined in the equation. If the accuracy value is ±6.5dB, absolute RSRP difference from test n to test n+1 shall be within 13dB if the same applied SSB RP value is used and the gain values are same between the tests. That means, (SSBRP_0_test_n - SSBRP_0_test_n+1) shall be within 2*accuracy value (e.g., 6.5 or 8.5 dB based on Io condition). 
Similarly, for the SSBRP_6 which is reported as the differential value w.r.t SSBRP_0, over the repeated tests, gain variation can be assumed to be same over repeated tests for the same position and orientation of the UE. Which means differential RSRP difference shall be within 0 to 2*accuracy value (e.g., 6.5dB). 
For this test method to work, gain values should be same between different tests. We think this can be achieved using the fixed position of the in the test and across the tests. Based on the above analysis we make the revised proposal for proposal 1. 
Proposal 3: Once the beam pair direction is found as per proposal 2, RAN4 to agree on no change in direction among the different tests in the AoA set up for the L1-RSRP accuracy requirement.

Proposal 4: RAN4 to define new test metric called the difference of absolute RSRP and difference of differential RSRP for testing the RSRP accuracy requirement. 
a. Where the difference of absolute RSRP is the difference of absolute RSRP values in test n and n+1.
b. Where the difference of differential RSRP is the difference of differential RSRP values in test n and n+1.

Proposal 5: difference of absolute RSRP or difference of differential RSRP shall be within 0 to 2*accuracy value (e.g., 13 dB) over the repeated tests.
With new test metric defined, we think there is no need to define new Gain value in the test.
Proposal 6: RAN4 not define new Gain value for GBBR L1-RSRP accuracy test.
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: For GBBR accuracy test, RAN4 to consider 1 AoA in Rx beam peak direction, 1 AoA in non beam peak direction. 
Proposal 3: Once the beam pair direction is found as per proposal 2, RAN4 to agree on no change in direction among the different tests in the AoA set up for the L1-RSRP accuracy requirement.

Proposal 4: RAN4 to define new test metric called the difference of absolute RSRP and difference of differential RSRP for testing the RSRP accuracy requirement. 
c. Where the difference of absolute RSRP is the difference of absolute RSRP values in test n and n+1.
d. Where the difference of differential RSRP is the difference of differential RSRP values in test n and n+1.

Proposal 5: difference of absolute RSRP or difference of differential RSRP shall be within 0 to 2*accuracy value (e.g., 13 dB) over the repeated tests.
Proposal 6: RAN4 not define new Gain value for GBBR L1-RSRP accuracy test.
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