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1	Introduction
The beam correspondence requirement was finalized during the RAN4 #91 meeting with the outcome captured as CRs to TS38.101-2 [1], TR 38.810 [2], and TR38.817-01 [3].  The last remaining issue is the definition of the SNR side conditions.  This contribution provides the corresponding analysis and a proposal on the SNR side conditions for the beam correspondence requirement.
2	Discussion
2.1	RSRP measurement accuracy
To begin the discussion on the side conditions for SSB and CSI-RS, we refer to the RSRP measurements accuracy as captured in the latest version of the RRM specification in TS38.133 [4]:

10.1.3.1.1	Absolute SS-RSRP Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRP in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in Table 10.1.3.1.1-1 are valid under the following conditions:
-	Conditions defined in 38.101-2 [19] Clause 7.3 for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB.
Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
Accuracy
Conditions
Normal condition
Extreme condition
SSB Ês/Iot
Io Note 1 range



NR operating band groups Note 2
Minimum Io
Maximum Io
dB
dB
dB

dBm / SCSSSB
dBm/BWChannel
dBm/BWChannel




SCSSSB = 120kHz
SCSSSB = 240kHz


[6]
[9]
TBD
NR_TDD_FR2_A
TBD
TBD
N/A
-70



NR_TDD_FR2_B
TBD
TBD
N/A
-70



NR_TDD_FR2_F
TBD
TBD
N/A
-70



NR_TDD_FR2_G
TBD
TBD
N/A
-70



NR_TDD_FR2_T
TBD
TBD
N/A
-70



NR_TDD_FR2_Y
TBD
TBD
N/A
-70
[8]
[11]
TBD
TNR_TDD_FR2_A, NR_TDD_FR2_B, NR_TDD_FR2_F, NR_TDD_FR2_G, NR_TDD_FR2_T, NR_TDD_FR2_Y
N/A
N/A
-70
-50
NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	NR operating band groups in FR2 are as defined in Section 3.5.3.


[bookmark: _GoBack]
10.1.3.1.2	Relative SS-RSRP Accuracy
The relative accuracy of SS-RSRP is defined as the SS-RSRP measured from one cell compared to the SS-RSRP measured from another cell on the same frequency, or between any two SS RSRP levels measured on the same cell in FR2.
The accuracy requirements in Table 10.1.3.1.2-1 are valid under the following conditions:
-	Conditions defined in 38.101-2 [19] Clause 7.3 for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB.
Table 10.1.3.1.2-1: SS-RSRP Intra frequency relative accuracy in FR2
Accuracy
Conditions
Normal condition
Extreme condition
SSB Ês/Iot Note 2
Io Note 1 range



NR operating band groups Note 3
Minimum Io
Maximum Io
dB
dB
dB

dBm / SCSSSB
dBm/BWChannel
dBm/BWChannel




SCSSSB = 120kHz
SCSSSB = 240kHz


[6]
[9]
TBD
NR_TDD_FR2_A
TBD
TBD
N/A
TBD



NR_TDD_FR2_B
TBD
TBD
N/A
TBD



NR_TDD_FR2_F
TBD
TBD
N/A
TBD



NR_TDD_FR2_G
TBD
TBD
N/A
TBD



NR_TDD_FR2_T
TBD
TBD
N/A
TBD



NR_TDD_FR2_Y
TBD
TBD
N/A
TBD
NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.
NOTE 3:	NR operating band groups in FR2 are as defined in Section 3.5.3.



Although the RRM measurement accuracy requirement is not yet complete, it is possible to infer from the corresponding FR1 requirement in 38.133 that the target SNR at the baseband of the receiver for this requirement is intended to be the same (i.e. -6 dB).
From the testability discussion we also know the maximum SNR that can be supported by the RRM test system:  the SNR calculator attached to the TR38.810 [2] can be used to look up the value of 19.4 dB.
[bookmark: _Toc16557492][bookmark: _Toc16557787]Observation 1:	The maximum DL SNR that can be delivered by the test equipment for the beam correspondence tolerance verification is 19.4 dB.
[bookmark: _Toc16557493][bookmark: _Toc16557788]Observation 2:	The SNR conditions for the definition of the beam correspondence tolerance requirement are in the range of -6.0 dB to 19.4 dB.
The beam correspondence tolerance requirement is defined over the link angles “corresponding to the top 50% of the EIRP2 measurement over the whole sphere.” [1] Assuming no test system uncertainty and a UE that is able to just fulfill the peak and spherical coverage requirements, the difference in antenna array gain between the peak direction and the directions which just fulfill the 50% spherical coverage requirement is -82.7 dBm/100 MHz + 70.1 dBm/100 MHz = 12.6 dB.  Assuming the UE supports all FR2 bands (the worst case in the multi-band framework), this difference can be 13.0 dB (if the UE declares no relaxation for peak EIS and 0.4 dB relaxation for spherical coverage EIS).
This implies that the SNR conditions for this requirement do not reach the minimum value of -6.0 dB and are also not the maximum value.
[bookmark: _Toc16557494][bookmark: _Toc16557789]Observation 3:	Assuming that the maximum DL SNR provided by the test equipment is available to the UE at beam peak direction, the minimum DL SNR over the subset of link angles used in the beam correspondence tolerance definition is 19.4 dB – 13.0 dB = 6.4 dB.
Although it has been shown that modeling RSRP error in the beam correspondence tolerance simulations is feasible [5], how to select the correct distribution of these errors is not well understood.  In the absence of a summary of NR FR2 RSRP accuracy simulations as a function of DL SNR, there is not a study to which we can refer to derive the relevant parameters.  In this situation, we assume that the RSRP accuracy at the SNR = 6.4 dB point can improve by a factor of 2 at relative to the SNR = -6.0 dB point.
Online and offline discussions during the RAN4 #90bis meeting have indicated some chipset vendors’ interest in reducing the RSRP accuracy assumption to ± 2.0 dB for the purpose of beam correspondence tolerance derivation.  Such a value implies modeling RSRP error with 1.0 dB standard deviation.  In order to finalize this assumption, a numerical study supporting such a value is desired.
[bookmark: _Toc16550842][bookmark: _Toc16557495][bookmark: _Toc16557790]Proposal 1:	Assume a range of values for the absolute and relative RSRP accuracy to be ± [3.0, 2.0] dB for the purpose of beam correspondence tolerance derivation to be further confirmed based on analysis.  In the absence of such analysis, RSRP accuracy of ± 3.0 dB is assumed. 
We note that RSRP accuracy is defined over the 95% confidence interval, and the assumption in Proposal 1 implies that RSRP error can be modeled as a normal random variable with 0 dB mean and a standard deviation in the range of [1.5, 1.0] dB.
2.2	Capturing the DL SNR side conditions
As the above discussion has shown, SNR conditions, as experienced by the UE baseband, range from 6.4 dB to 19.4 dB.  These conditions need to be captured in the beam correspondence requirement to clarify the applicability of the requirement to DL SNR range.
There are three alternative ways to capture this:
Alternative 1: As a range of SNR values from the UE BB perspective (i.e. 6.4 dB to 19.4 dB)
Alternative 2: As a minimum value from the UE BB perspective (i.e. 6.4 dB)
Alternative 3: As a single value from the OTA perspective (i.e. exact test condition in the test zone)
When deciding among these alternatives, it may be beneficial to align this formulation with how FR2 RRM test cases are defined in TS38.133.  As a starting point which does not preclude further improvement to the definition of side conditions for beam correspondence tolerance, it makes sense to select Alternative 2.
[bookmark: _Toc16557496][bookmark: _Toc16557791]Proposal 2:	Select Alternative 2 and capture the applicability of side conditions on DL SNR as the minimum SNR value from the UE BB perspective (i.e. 6.4 dB).
3	Conclusions
This contribution provided the analysis of the SNR side conditions for the beam correspondence requirement.  The following observations and proposals have been made:
Observation 1:	The maximum DL SNR that can be delivered by the test equipment for the beam correspondence tolerance verification is 19.4 dB.
Observation 2:	The SNR conditions for the definition of the beam correspondence tolerance requirement are in the range of -6.0 dB to 19.4 dB.
Observation 3:	Assuming that the maximum DL SNR provided by the test equipment is available to the UE at beam peak direction, the minimum DL SNR over the subset of link angles used in the beam correspondence tolerance definition is 19.4 dB – 13.0 dB = 6.4 dB.

Proposal 1:	Assume a range of values for the absolute and relative RSRP accuracy to be ± [3.0, 2.0] dB for the purpose of beam correspondence tolerance derivation to be further confirmed based on analysis.  In the absence of such analysis, RSRP accuracy of ± 3.0 dB is assumed.
Proposal 2:	Select Alternative 2 and capture the applicability of side conditions on DL SNR as the minimum SNR value from the UE BB perspective (i.e. 6.4 dB).
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