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Introduction
The latest versions of TS38.101-2 [1] and TR38.810 [2] capture the RAN4 agreements from the RAN4 #90 meeting on the beam correspondence core requirement and test methodology, respectively.  A set of simulation assumptions was agreed in [3] to progress the work on defining the beam correspondence tolerance requirements.  During the RAN4 #90bis meeting, the following agreements were reached [7]:

Agreement in ad-hoc 
RAN4 adopt X%-tile and YdB BC tolerance requirement for PC3 UE with: 
· X = {80, 90};
· Y: FFS.
For Rel-15, value of M:
· M = 8 (as default value)
· FFS how to give UE vendor flexibility considering different UE vendors’ implementation. 
Discussion after evening ad-hoc: 
On value of M:
Further agreement: 
		- Use M=8 as default value for the RAN4 test case design and minimum core requirements for PC3 UE. 
On test condition 
	- Agree to set the normal temperature as test condition 

On value of X and Y: 
X = 80, Y = [4dB, 5.2dB]
- Supporting companies: LG, Intel, Huawei, OPPO, Apple, OnePlus. MTK, vivo
- For above companies, if we go for X =90, the preference of Y are 
	- Huawei: >7dB 
- LG/OPPO/OnePlus/vivo: 7
	- Intel/Apple: 6
X = 90, Y = 3dB
	Supporting: Samsung, Ericsson, Nokia, QC, Sony, Verizon
Intel: If larger value of X is chosen, more SRS shall be configured. 
Sony: 90 is not too high. We also has to consider how to tell the good and bad UEs. 
Nokia: We agree with Sony. 90 is good compromise considering the differential good or bad UEs. 
Samsung: what is the decision process? 
Intel: We do not agree with Sony and Nokia. The criteria of good or bad is not clear. 
Verizon: The proposal from x=80 campaign is more relaxed than previous proposals. 
Ericsson: For X= 80 campaign, Y value preferred is not aligned with the beam correspondence purpose. 
Verizon: In the RAN plenary WF, there was X/Y proposals.   
=> 
Agreement: 
X = 85% Y = [2dB, 7dB] 
Companies will further discuss the value of Y until May meeting. 
The decision on value of Y will be made in May meeting. 
Chairman: X= 85%; Y = 5dB 
Objecting companies: Verzon, Samsung, Ericsson, Intel, Softbank, Apple, QC, Nokia, Huawei, NTT DoCoMo (10)
Chairman: X= 85%; Y = 4dB 
Objecting companies: Intel, Huawei, Ericsson, LG, Nokia, Softbank, Verizon, Samsung, NTT DoCoMo (9) 
Chairman: X= 85%; Y = 3dB 
Objecting companies: Intel, Huawei, Ericsson, LG, Applel,vivo, OPPO, OnePlus (8) 


The remaining open items related to the core requirement definition include the following:
· The beam correspondence tolerance values
· The side condition for SSB and CSI-RS are TBD

This paper provides our views on the remaining open issues.
Discussion
Side conditions for SSB and CSI-RS
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	Intra-frequency RSRP accuracy requirements for FR2
10.1.3.1	Intra-frequency SS-RSRP accuracy requirements
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.

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.



[bookmark: _GoBack]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.

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.

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.

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.

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.
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 1 and then to further check whether it can be confirmed.

Proposal 2: Select Alternative 1 and capture the applicability of side conditions on DL SNR as a range of SNR values from the UE BB perspective (i.e. 6.4 dB to 19.4 dB).  Further improvements to the method of capturing SNR side conditions are not precluded.
Beam correspondence tolerance simulation results
Simulation model
Beam correspondence tolerance simulations have been performed according to the assumptions in [3] and [8].  The beam correspondence impairment model is summarized in Figure 1 below.

[image: ]
[bookmark: _Ref7680849]Figure 1: Beam correspondence impairment model

The codebook chosen for this investigation consists of 9 beams per panel.

The three impairments analyzed in the simulations are RSRP estimation error, residual magnitude of the mismatch between the Rx and Tx RF paths, and residual phase of the mismatch between the Rx and Tx RF paths.

RSRP estimation error impacts the selection of the downlink beam and functions as quantization error in directions where the difference in beam steered response between two candidate beams is close to the RSRP estimation error.  The visualization of beam patterns of an array of antenna elements helps to understand this effect (Figure 2).
[image: ]
[bookmark: _Ref7681413]Figure 2: Beam patterns of a 4x1 panel of elements defined according to TR38.803

RSRP estimation error is modeled as a normal random variable with zero mean and a standard deviation in the range of [1.5, 1.0] dB.

Residual magnitude of the mismatch between Tx and Rx RF paths is modeled per antenna element and represents the typical error in device calibration in a population of devices over tolerances in the sub system’s components, tolerances in RF paths’ matching, and variations in the sub-system’s assembly.  This parameter is modeled as a uniform random variable over the range of [-A,0] dB.  Multiple values of A are investigated in our simulation results (2,0, 1.0, and 0.5 dB).

Residual phase of the mismatch between Tx and Rx RF paths is modeled per antenna element and represents the typical error in device calibration in a population of devices over tolerances in the sub system’s components, tolerances in RF paths’ matching, and variations in the sub-system’s assembly.  This parameter is modeled as a uniform random variable over the range of [-B,B] degrees.  The discussion in [9] provides a good derivation of the practical range of this parameter; in our simulations the values of 16º and 8º are used.

A number of parameter sets encapsulate sweeps of the impairment factors.  For each parameter set, 101 trials of impaired beam correspondence coverage CDFs are generated.  For each impaired coverage pattern the ∆EIRP CDF is calculated according to the beam correspondence requirement.  Thus, it is possible to visualize both the beam correspondence tolerance value (derived from the 85%-tile of the ∆EIRP CDF) and the average case of spherical coverage degradation.

Table 1: Simulation sets and impairment parameters
	Simulation set
	Phase error
	Magn error
	RSRP error

	Set 1
	~U(-16,16)
	~U(-2,0)
	~N(0,1.5)

	Set 2
	~U(-16,16)
	~U(-1,0)
	~N(0,1.5)

	Set 3
	~U(-8,8)
	~U(-1,0)
	~N(0,1.5)

	Set 4
	~U(-8,8)
	~U(-0.5,0)
	~N(0,1.5)

	Set 5
	~U(-16,16)
	~U(-2,0)
	~N(0,1.0)

	Set 6
	~U(-16,16)
	~U(-1,0)
	~N(0,1.0)

	Set 7
	~U(-8,8)
	~U(-1,0)
	~N(0,1.0)

	Set 8
	~U(-8,8)
	~U(-0.5,0)
	~N(0,1.0)



Simulation results
Figure 3 below illustrates the simulation results for two parameter sets (1 and 2).
a)[image: ]
b) [image: ]
[bookmark: _Ref7683302]Figure 3: Beam correspondence simulation results (2 panels); a) parameter set 1; b) parameter set 2

When reviewing the definition of the ∆EIRP CDF, we observed that no sin(θ) weighting is applied when generating this CDF.  In our understanding, this was an oversight in the definition, since the ∆EIRP CDF can vary with different positioning in elevation of the same DUT.  Furthermore, devices with antenna array topologies that accommodate elevation beam steering (for example, a 2x2 array) will also be impacted by the uncorrected CDF formulation.

Proposal 3: The ∆EIRP CDF definition needs to be corrected to incorporate sin(θ) weighting in the same manner as in the definition of the spherical coverage CDF.

Referring back to Figure 3, it is straight-forward to relate the typical case of EIRP CDF impairment to the beam correspondence tolerance value in the ∆EIRP CDF.  Table 2 below summarizes the beam correspondence simulation results.

[bookmark: _Ref7684175]Table 2: Summary of beam correspondence simulation results
	Simulation set
	Phase error
	Magn error
	RSRP error
	∆EIRP tol
(no weight)
	∆EIRP tol
(sinθ weight)
	50% EIRP CDF degradation

	Set 1
	~U(-16,16)
	~U(-2,0)
	~N(0,1.5)
	-5.6
	-5.3
	-4.0

	Set 2
	~U(-16,16)
	~U(-1,0)
	~N(0,1.5)
	-4.7
	-4.4
	-3.0

	Set 3
	~U(-8,8)
	~U(-1,0)
	~N(0,1.5)
	-3.0
	-2.7
	-1.9

	Set 4
	~U(-8,8)
	~U(-0.5,0)
	~N(0,1.5)
	-2.5
	-2.3
	-1.5

	Set 5
	~U(-16,16)
	~U(-2,0)
	~N(0,1.0)
	-5.4
	-5.2
	-3.8

	Set 6
	~U(-16,16)
	~U(-1,0)
	~N(0,1.0)
	-4.3
	-4.2
	-2.9

	Set 7
	~U(-8,8)
	~U(-1,0)
	~N(0,1.0)
	-2.8
	-2.5
	-1.8

	Set 8
	~U(-8,8)
	~U(-0.5,0)
	~N(0,1.0)
	-2.1
	-2.0
	-1.3



Observation 1: Based on our simulation results, it seems reasonable to limit 50% EIRP CDF degradation to 3 dB, which implies a value near 4 dB for the beam correspondence tolerance requirement (assuming it is defined according to the sin(θ) weighting of the ∆EIRP CDF).

Observation 2: Sets 1 and 5 introduce too much degradation to 50% EIRP CDF and should be ruled out.  Sets 3, 4, 7, and 8 assume distributions of residual phase and magnitude errors that require an unreasonable complexity in unit calibration.  Sets 2 and 6 converge closely to this limit.

The dependency of the beam correspondence tolerance requirement on operating band is another aspect that has not yet been discussed.  Frequency dependent characterization of the Tx/Rx RF path mismatch factors has not been presented, and it is a fair assumption that the impairment parameters considered in this study are band independent estimates.  The RSRP estimation error, however, can be shown to be a function of the receiver noise figure, and in practical implementations the receiver noise figure at 39 GHz is degraded compared to 28 GHz.  In our understanding, this effect can be reflected in a 0.5 dB increase in RSRP estimation error at 39 GHz compared to 28 GHz bands.  Looking back at Table 2, the difference in ∆EIRP tolerance (with sin(θ) weighting) between Sets 1-4 and Sets 5-8 is 0.2 dB.

Proposal 4: The requirement on beam correspondence tolerance is 4.0 dB for Band n257, n258, and n261; and 4.2 dB for Band n260.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be 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 1 and capture the applicability of side conditions on DL SNR as a range of SNR values from the UE BB perspective (i.e. 6.4 dB to 19.4 dB).  Further improvements to the method of capturing SNR side conditions are not precluded.
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