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1. Introduction
In RAN4 #110-bis meeting, the performace part of multi-Rx was extensively discussed and the WF[1] was agreed. In this contribution, we would like to give some further views on the multi-Rx GBBR accuracy requirement. 
2 Discussion on GBBR accuracy requirement for multi-rx
The agreement for performance part on accuracy requirements for multi-Rx in Rel-18 was captured as below:
	Issue 1-1: Accuracy requirements for multi-Rx in Rel-18
· 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.


After offline discussion, the accuracy issue is related to GBBR itself, so before going deeper into the details of GBBR accuracy requirement, we’d better to recall the background on GBBR mechanism from RAN1 and RAN4 perspective. 
2.1 Background on GBBR mechanism
For GBBR, the differential reporting across all beam groups in a CSI-report is considered. From our understanding, the reporting format can be summarized as below for illustration
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Fig.1 GBBR format illustration
And the corresponding agreements achieved in RAN1 are 
	# 106
Agreement
· For beam measurement/reporting option 2, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling
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; 


And from RAN4 perspective,
	# 107 R4-2310047
L1-RSRP for GBBR:
Agreement
· GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance 


From the above agreements, we can observe that:
Observation 1: For GBBR, differential L1-RSRP is measured from resources in different resource sets.
Observation 2: For GBBR, the reference signals (SSB/CSI-RS resources) are transmitted in TDM manner.
From observation 2, in our view, since the RSs from two TRPs are TDMed, the impact of interference to each other wont be caused, and then the existing side condition Es/IoT (-3dB) can be reused for L1-RSRP measurements with Rel-17 GBBR accuracy requirements. And the corresponding test design should guarantee that the required Es/Iot side conditions are met.
Proposal 1: The existing side condition Es/IoT can be reused for L1-RSRP measurements with Rel-17 GBBR
2.2 Discussion on the UE gain G
In last meeting, the UE gain G was discussed. And whether the existing G for PC3 is still applicable or needs to be revised for the TC is still suspending. Form our understanding, the existing G for PC3 is still applicable for the TC. Let’s try to give some analyses.
2.2.1 Regarding the Gmin and Gmax
If we recall the definition/derivation of Gmin and Gmax, we can find that the Gmin can be derived from EIS requirements and Refsens based on the following Sensitivity equation in mmWave, that is 
Sensitivity = -174dBm(Nktb) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs    (1).
Leverage the minimum fine beam antenna gain in the peak beam direction 7 dB, where the assumed antenna array gain 7 dB for PC3 to design RRM TC is the lowest one among all the candidates, and Y, we can obtain -10 dBi Gmin by adding a 3dB margin. Whilst, for the Gmax, the 20dBi, it’s derived from 5+10log10(Ne)+3,where 5 dBi is the maximum directional gain of an antenna element , Ne is the number of antenna elements in the array, 3 dB is the margin. Acctually, the definition of Gmax had been extensively discussed in a few meetings in the previous release, since neither extremely high gain nor stringent gain is expected. Too broad gain range would make easier for the UE to pass the test even if it did not meet the corresponding accuracy requirement, it actually make the test meaningless, besides, whether extremely large maximum allowable gain could practically be used in an NR UE is skeptical. While, in real implementation, a very good UE may has directional measurement antenna, which will bring much better gain than the minimum requirements in some cases. From this, in our view, the compatibility of the allowable antenna gain range was already considered to accommodate the real implementations, then the existing G for PC3 is still applicable for the TC.
Proposal 2: The existing G for PC3 is still applicable for the TC of L1-RSRP measurements with Rel-17 GBBR
2.2.2 How to use the UE gain G for the test of GBBR absolute accuracy
There are four cases if we combine beam gain and beam direction together:
1. Fine beam gain (measurement with fine beam), signals arriving from Rx beam peak direction 
2. Fine beam gain  (measurement with fine beam), signals arriving from spherical coverage directions (non-peak beam direction)
3. Rough beam gain  (measurement with rough beam), signals arriving from Rx beam peak direction
4. Rough beam gain  (measurement with rough beam), signals arriving from spherical coverage directions (non-peak beam direction)
And for the existing L1-RSRP accuracy test for FR2, AoA setup 1 is considered, that means 
1. Reported values are normally based on UE measurements using a rough beam
2. Rx beam peak is chosen as the defined direction 
Based on the GBBR mechanism mentioned in Section 2.1 and below, 
	38.214 Section 5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].


we cannot see there are any big differences between the GBBR and the legacy non-GBBR measurement from absolute accuracy perspective except for GBBR multi-beam to receive should be considered. In this sense, we think 
Proposal 3: The existing L1-RSRP absolute accuracy requirement should be applied for L1-RSRP measurements with Rel-17 group-based beam reporting.
· The existing absolute accuracy requirements should be applied for the cases when L1-RSRP is measured with different Rx beams
2.3 Discussion on GBBR relative accuracy 
From our understanding, the special part of L1-RSRP with GBBR compared to legacy L1-RSRP is that at least two DL-SSB/CSI-RS resource RSRP measurements from the different Resource Set have been made with the different RX beams.
Observation 3: The special part of L1-RSRP with GBBR compared to legacy L1-RSRP is that at least two DL-SSB/CSI-RS resource RSRP measurements from the different Resource Set have been made with the different RX beams.
There are two accuracy requirements in 10.1.20 of TS 38.133, absolute accuracy and relative accuracy. The definition of relative accuracy is as follows:
	10.1.20.1.2	Relative Accuracy
The relative accuracy of SSB based L1-RSRP is defined as the L1-RSRP measured from one SSB compared to the largest measured value of L1-RSRP among all SSBs of the cell (serving cell or cell with different PCI from serving cell) on which UE performs L1-RSRP measurements.


However, in the past, the relative accuracy is just evaluated for single Rx beam measurement scenario, that is for FR2 relative accuracy requirements, provided that two RS-RSRP are measured with the same Rx beam, and 4dB RF margin is accounting for the imperfections in RF calibration. The agreements for L1-RSRP accuracy is as below
	R4-1904820 Way forward on L1-RSRP accuracy requirements
L1-RSRP accuracy for FR2
· Relative accuracy requirements 
· Considering fading condition (+1.0dB), RF margin for FR2 (+4.0dB)
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· Absolute accuracy requirements
· Normal condition with Io=-70dBm/BW is same as the relative accuracy of normal condition because FR2 cannot compensate the RF impairments, i.e., [+/-6.5]dB
· Extreme condition with Io=-70dBm/BW is derived by adding 3dB to the absolute L1-RSRP accuracy in normal condition. 
· Normal condition with Io=-50dBm/BW is derived by adding 2dB to the absolute L1-RSRP accuracy in normal condition with Io=-70dBm/BW.
· Extreme condition with Io=-50dBm/BW is derived by adding 2dB to the absolute L1-RSRP accuracy in extreme condition with Io=-70dBm/BW.


Observation 4:
· For FR2 relative accuracy requirements, provided that two RS-RSRP are measured with the same Rx beam
· For FR2 relative accuracy requirements, 4dB RF margin is already considered
Regarding Io range, from our understanding, for the scenario with SSB_RP and no applied noise (no external noise), the Io is determined only by the applied signal, and the applied signal is limited in an allowable range. Then, the Minimum Io in dBm/SCS has same value as Minimum SSB_RP. Regarding the maximum Io, it was agreed that the maximum Io RRM side condition of -50dBm for measurement needs to be met in all tests, just the applied Io would be scaled based on the allocated RBs.
Observation 5: The Minimum Io in dBm/SCS has same value as Minimum SSB_RP.
From above analyses, in our view, the principle of relative accuracy requriements would apply to L1-RSRP measurements with Rel-17 GBBR theoretically, since at least two resources are configured by NW. While, taking GBBR into consideration, the relative SSB L1-RSRP accuracy requirements would apply for the cases when L1-RSRP is measured from resources in the different resource set, and such L1-RSRP is measured with different Rx beams in case of FR2 intra-cell.
Proposal 4: The existing relative accuracy requirements should be applied for L1-RSRP measurements with Rel-17 GBBR 
· The existing relative accuracy requirements should be applied for the cases when L1-RSRP is measured from resources in different resource sets with different Rx chains
3 Conclusions
In this contribution, we provided our viewpoints to GBBR accuracy requirements for multi-rx. The following observations and proposals are obtained:
Observation 1: For GBBR, differential L1-RSRP is measured from resources in different resource sets.
Observation 2: For GBBR, the reference signals (SSB/CSI-RS resources) are transmitted in TDM manner.
Observation 3: The special part of L1-RSRP with GBBR compared to legacy L1-RSRP is that at least two DL-SSB/CSI-RS resource RSRP measurements from the different Resource Set have been made with the different RX beams.
Observation 4: For FR2 relative accuracy requirements, provided that two RS-RSRP are measured with the same Rx beam
Observation 5: The Minimum Io in dBm/SCS has same value as Minimum SSB_RP.
Proposal 1: The existing side condition Es/IoT can be reused for L1-RSRP measurements with Rel-17 GBBR
Proposal 2: The existing G for PC3 is still applicable for the TC of L1-RSRP measurements with Rel-17 GBBR
Proposal 3: The existing L1-RSRP absolute accuracy requirement should be applied for L1-RSRP measurements with Rel-17 group-based beam reporting
· The existing absolute accuracy requirements should be applied for the cases when L1-RSRP is measured with different Rx beams
Proposal 4: The existing relative accuracy requirements should be applied for L1-RSRP measurements with Rel-17 GBBR 
· The existing relative accuracy requirements should be applied for the cases when L1-RSRP is measured from resources in different resource sets with different Rx beams
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