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1.	Introduction
At RAN4#100-e, a discussion paper R4-2112529 [1] and draft CR R4-2112526 [2] were provided to address Sub-topic 1-2: FR2 inter-frequency relative RSRP accuracy.
In the RAN4#100-e topic #202 summary R4-2115377 [4], there was active and useful discussion on the topic but the updated TS 38.133 CR in R4-2115257 [3] was not agreed. The discussion also revealed a lack of clarity about the derivation of the proposed updated Test limits, and how they relate to UE requirements.  
This Tdoc gives the background and explanation of the existing UE requirements, and how they relate to the test case for FR2 Inter-frequency Relative SS-RSRP accuracy.
We also identify ambiguities in the FR2 Inter-frequency Relative SS-RSRP accuracy requirement itself, and include proposals to clarify both the UE requirements and the Test requirements.
2.	Test case setup for FR2 Inter-frequency Relative SS-RSRP accuracy
[bookmark: _Hlk45874420][bookmark: _Hlk81329786]TS 38.133 contains Test case A.7.7.1.2, with Test 2 illustrated below:

Figure 2-1: Test case setup for FR2 Inter-frequency Relative SS-RSRP accuracy, Test 2

The design rationale for FR2 SS-RSRP Accuracy Test cases was discussed in R4-1912289 [6] at RAN4#92 bis. For Inter-frequency relative SS-RSRP, the key points are summarised below:
· [bookmark: _Hlk82530606]Angle of arrival:
· Cell 1 is selected to be in UE spherical coverage directions, to achieve spatial test coverage
· Cell 2 being in Rx beam peak direction allows the Minimum SSB_RP condition to be tested, and reduces variability in relative SS-RSRP as seen by the UE
· Cell 1 in UE spherical coverage direction and Cell 2 in Rx beam peak direction allows testing the maximum SSB_RP difference and the maximum Io difference between 2 cells on different frequencies
· UE Beam assumption:
· The UE is assumed to use rough beams

3.	Modelling and specifying UE beam parameters 
When considering different angles of arrival for test signals, the starting point was TS 38.101-2 [7] clauses 7.3.2 on Reference sensitivity power level and 7.3.4 on EIS spherical coverage. These are the only clauses formally specifying core requirements on the spatial coverage of the UE, and refer to Rx beam peak direction and percentile of the CCDF of EIS respectively. As the requirement metric is throughput, the power level requirements apply for the UE in connected mode.        
When RRM test cases were initially developed and parameters proposed, the early assumption was that the UE would use the same beams for RRM as it used in connected mode (later to be called “fine beams”). During discussion it became apparent that UEs can use lower gain beams (later to be called “rough beams”) to implement some RRM functionality, for example when searching for neighbour cells.
As RRM test cases use both Rx beam peak and Spherical coverage angles of arrival, and in many test cases the UE is assumed to use rough (lower gain) beams, RAN4 needed UE-beam-related values to develop RRM test cases.
The model adopted by RAN4 is extracted below. Illustrations are copied from TR 38.903 [8].
3.1 Rx beam peak and Spherical coverage angles of arrival

Figure 3.1-1: UE Rx Beam-peak and spherical coverage directions, Fine beams

The parameter “X” does not need to be directly specified, because it is the dB difference between Reference sensitivity power level in TS 38.101-2 [7] clause 7.3.2 and EIS spherical coverage in clause 7.3.4. The actual value is UE Power class dependent and Operating band dependent.
X represents the maximum allowed dB difference within the specified spherical coverage percentile.

3.2 Gain difference Y between fine and rough beams, Rx beam peak direction

Figure 3.2-1: Fine and rough beams, Rx Beam peak direction

The parameter “Y” is specified in TS 38.133 [5] Table B.2.1.3.1-1:
[bookmark: _Hlk82534631][bookmark: _Hlk82716943]Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction
	Value “Y” in dB, for each UE power class

	1
	2
	3
	4

	FFS
	9.0
	7.0
	FFS



3.3 Gain difference Z between fine and rough beams, Spherical coverage directions

[bookmark: _Hlk82676976]Figure 3.3-1: Fine and rough beams, spherical coverage directions

The parameter “Z” is specified in TS 38.133 [5] Table B.2.1.3.2-1:
[bookmark: _Hlk82534790]Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions
	Value “Z” in dB, for each UE power class

	1
	2
	3
	4

	FFS
	9.0
	7.0
	FFS



3.4 UE side conditions and RRM test case design
The derivation of FR2 Minimum SSB_RP side condition values in TS 38.133 clause B.2.1.3, and the side conditions themselves in for example B.2.2 and B.2.3, are all based on the model described in sections 3.1, 3.2 and 3.3 above, together with the assumption that Refsens is based on -1dB SNR.
The FR2 RRM test cases are in turn based on these values.
4.	Specification of UE relative accuracy requirement
The FR2 Inter-frequency relative SS-RSRP accuracy is specified in TS 38.133 [5] clause 10.1.5.1.2:
10.1.5.1.2	Relative SS-RSRP Accuracy
The relative accuracy of SS-RSRP is defined as the SS-RSRP measured from one cell on a frequency in FR2 compared to the SS-RSRP measured from another cell on another frequency in FR2.
The accuracy requirements in Table 10.1.5.1.2-1 are valid under the following conditions:
-	Conditions defined in 38.101-2 [19] Clause 7.3 for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to Annex B.2.3 for a corresponding Band for each relevant SSB.
-	|SSB_RP1dBm - SSB_RP2dBm| ≤ 27dB
-	| Channel 1_Io ‑Channel 2_Io |  20 dB
[bookmark: _Hlk82680395]-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [19].
Table 10.1.5.1.2-1: SS-RSRP Inter frequency relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	6
	9
	≥-4
	Same value as SSB_RP in Table B.2.3-2, according to UE Power class, operating band and angle of arrival
	-50

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.



In RRM test cases the Test requirements should be directly traceable to the UE requirements. To reach a common understanding of how the UE requirements are applied, we consider different scenarios:   
4.1 Cells on different frequencies with the same angle of arrival


Figure 4.1-1: Cells on different frequencies with the same angle of arrival
In this scenario we would expect:   
· 6dB normal condition relative accuracy to apply
· Any directional effect to cancel, so no further accuracy relaxation related to the value X in 3.1
· The fine/rough beam gain difference value Z in 3.3 only affects side conditions, so no further accuracy relaxation
As currently written, the relative accuracy requirement would be expected to apply for both intra-band and inter-band cases. However we note a comment from Mediatek in R4-2112529 [1]:
We believe that during Rel-15, the discussion was mainly focused on intra-band scenarios. There was no attention paid on how the requirement should be applied for inter-band scenarios. 
[bookmark: _Ref78398261][bookmark: _Ref71054849]Observation 3: Current SS-RSRP relative accuracy test requirement mandates UE to equalize the antenna gain difference between 2 frequencies or even 2 bands, which seems not well-discussion in Rel-15.

Also we note a comment from Qualcomm in the Email discussion summary for [100-e][202] R4-2115377 [4]:
As MTK noted, there are two separate issues:
1. Difference in peak direction between fine and rough beams.
1. Difference in Rx gain across different frequencies and/or different bands.
..
For the second issue, we expect that Rx gain differences would be much smaller for frequencies that are in close proximity in the same band vs. frequencies in different bands. One approach would be to specify two different margins for each of these cases. When the test is performed on adjacent channels then we would expect little relaxation of the current requirement would be needed.
In the second round discussion at RAN4#100, there was a tentative agreement to separate the requirement for inter-band and intra-band as recorded in R4-2115377 [4]:

In our understanding, if there is different accuracy for the intra-band case and the inter-band case, this should be clarified in the accuracy requirement itself. As the difference is related to antenna gain, it could be specified in TS 38.133 Annex B.2.1.5, and referred to in the accuracy requirement:



<< unchanged sections skipped >>

The value of ±3dB for Power class 3 is just an example, and should be discussed and agreed by RAN4. 

4.2 Cells on different frequencies with different angles of arrival

Figure 4.2-1: Cells on different frequencies with different angles of arrival
In this scenario we would expect:
· 6dB normal condition relative accuracy to apply as baseline, assuming intra-band
· An accuracy relaxation because of the different angles of arrival, X in 3.1
· The fine/rough beam gain difference value Z in 3.3 only affects side conditions, so no further accuracy relaxation
In this general case, we do not know where each angle of arrival sits in the EIS spherical coverage percentile. It may be that Cell 1 is near Rx Beam peak and Cell 2 is near the 50%-ile, or the other way round. If a test case were defined with each angle of arrival allowed to be anywhere in the allowed EIS spherical coverage percentile, we could expect an extra variability X in the reported relative value, where X is the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from TS 38.101-2 [19] clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band.
The question about relative accuracy for intra-band and for inter-band is discussed in 4.1.  
5. Fine beam, Rough beam and Rx beam peak direction
As mentioned in section 3.5, the Gain difference Y between fine and rough beams in Rx beam peak direction assumed that Rx beam peak direction for rough beams was aligned to Rx beam peak direction for fine beams. Here we consider the effect on the FR2 relative accuracy test case of the second issue identified in the Email discussion summary for [100-e][202] R4-2115377 [4]:
As MTK noted, there are two separate issues:
1. Difference in peak direction between fine and rough beams.
2. Difference in Rx gain across different frequencies and/or different bands.

In TS 38.133 test case A.7.7.1.2, the neighbouring Cell 2 is chosen to be in Rx beam peak direction. As mentioned in section 2, Cell 2 being in Rx beam peak direction allows the Minimum SSB_RP condition to be tested. It was also intended to reduce variability in relative SS-RSRP as seen by the UE, based on the assumption that the UE rough beam gain in Rx beam peak direction would always be higher than the UE rough beam gain in any other spherical coverage direction.
As pointed out in Mediatek R4-2112529 [1], it is possible that UE may achieve worse rough beamforming gain at AoA2 (i.e. at the fine beam peak) than at AoA1 (selected from spherical coverage):

[bookmark: _Ref71053605]Figure 1. One example that the beam forming gain may be higher at AoA1 than at AoA2
This can occur if the Rough beam peak is not aligned to the Fine beam peak.
For the Test requirements in the inter-frequency relative RSRP test case, the effect of Rough beam peak misalignment is shown in Figure 5-1. Taking a simple case with equal applied SSB_RP for Cell 1 and Cell 2, originally we expected Cell 2 UE-received power to be anywhere between 0 and -X dB (X always negative) higher than Cell 1 UE-received power. When AoA2 is misaligned, Cell 2 UE-received power can be up to D dB lower than Cell 1 UE-received power.  


Figure 5-1: Rough beam peak misalignment and effect on A.7.7.1.2 Test requirements

The question then is the size of D and how to specify it. Clearly D should be less than X, otherwise there would be no benefit to specify Rx Beam Peak, and the general scenario described in 4.2 would apply. We note that Cell 2 is in the fine beam peak direction, and the rough beam gain cannot be more than YdB worse than the fine beam gain, otherwise the UE could fail the side condition in TS 38.133 Table B.2.3-2. Y is specified in TS 38.133 Table B.2.1.3.1-1.
Offline discussion with UE vendors suggests that D can be less than Y, so it would need to be specified separately in TS 38.133. As the difference is related to antenna gain, it could be specified in TS 38.133 Annex B.2.1.5:

The value of 5.5dB for Power class 3 is just an example, and should be discussed and agreed by RAN4.
6. Way Forward
In the “final” version of draft R4-2115257 [3] considered at RAN4#100-e, changes were proposed to both the Test requirement and the core requirement. While we agree that the test requirements need to be updated, we believe the proposed format mixed up two separate issues. It did not clearly specify UE relative accuracy requirements for intra-band and inter-band, and it did not give clear traceability from UE requirements to Test requirements.
· [bookmark: _Hlk83751015]We propose that TS 38.133 Table 10.1.5.1.2-1 refers to a relative accuracy relaxation Ginter for the inter-band case, to be defined in a new clause B.2.1.5.2. An example markup is shown in section 4.1.
· We propose that misalignment between the Rough Beam peak direction and the Fine Beam peak direction D is defined in a new clause B.2.1.5.3. An example markup is shown in section 5.
· We propose that TS 38.133 Test requirements in Tables A.5.7.1.2.3-2 and A.7.7.1.2.3-2 use the new parameters “Ginter” and “D” to set the test requirements, and refer to the new clauses B.2.1.5.2 and B.2.1.5.3. An example markup is shown below.     


These proposals address the need to separate FR2 intra-band and inter-band UE relative accuracy, and give clear traceability from UE requirements to Test requirements.
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B.2.15.2 Gain to SS-RSRP measurement point for different frequency bands

In any specific direction. the UE gain G may be different in different operating bands. The gain “Giner” affects relative
signal level values reported by the UE when measuring between different operating bands. and is specified in Table

B.2.15 for each power class.
Table B.2.1.5.2-1: UE gain difference between operating bands Guner

UE Power class

2
FES 3 F

.,.‘
F =
]

Maximum
difference, dB
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B.2.1.5.3  Alignment of Rough beam to Rx beam Peak

The definition of Rx Beam Peak in TS 38.101-2 [19] clause 7.3.2 is based on Throughput at Reference sensitivity
power level, and assumes use of Fine beams. In many RRM scenarios the UE can use Rough beams. but the largest
Rough beam gain direction may not be aligned to the Fine beam Peak direction.

When the Rx Beam Peak is selected and defined based on Fine Beams. the rough beam gain in that direction may be
lower than the largest rough beam gain in another direction within Spherical Coverage. The term is the maximum
allowed rough beam gain reduction. and is specified in Table B.2.1.5.3-1 for each power class.

Table B.2.1.5.3-1: Rough Beam gain reduction “D” in Rx Beam Peak direction

UE Power class

1 2 3 1
Meximum gain
reduction, dB EES EES 85 EES
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Table A.5.7.1.2.3-2: SS-RSRP relative accuracy test requirement

Test requirement Notes1.2.3.4

Cell 3 Cell 2 SSB_RP3 - SSB_RP2 -0 -Guer -D < Reported RSRP(dB) < SSB_RP3 - SSB_RP2 +0
+Guer (X)

Note 1:  SSB_RPn is the equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone
configured in the test for the cell n under consideration

Note2: & s the RSRP relative accuracy requirement from Table 10.1.5.1.2-1

Note 3:  Void

Note 4. Xis the Spherical coverage gain difference in dB, derived as (UE Refsens - UE Spherical coverage) from
TS 38.101-2 [19] clauses 7.3.2 and 7.3.4, selected according to the UE power class and operating band. X
is always a negative value

Note 5. Gineris from Table B.2.1.5.2-1, selected according to the UE power class, and is always a positive value
For intra-band measurements this term is omitted

Note 6. D is the Rough Beam gain reduction in Rx beam peak direction from Table B.2.1.5.3-1. selected according

to the UE power class. D is always a positive value.
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