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1.
Introduction

As RAN4 develops over-the-air RRM Test cases for NR FR2, a number of recent contributions have identified the difficulty of specifying test cases without any bounds on UE antenna gain. For example, R4-1810563 [1] states that RSRP absolute accuracy tests will have to make some assumptions on the UE antenna gain to specify bounds on the UE reported values, and in R4-1809754 [2] Option 2 considers test limits being determined based on minimum and maximum allowable antenna gain.
Meanwhile, the approved Way Forward on remaining issues for RRM testing methodology in R4-1811890 [3] targets RAN4#88Bis to identify the approximate power and SNR range for the Rx beam peak direction and non-Rx beam peak direction, with 1 Angle of arrival and also with 2 Angles of arrival. As shown by the work on demodulation SNR range, UE antenna gain is an essential input.
This Tdoc considers some factors that may set the realistic UE antenna gain range, and proposes values that could be used as a working assumption to design RRM Test cases and help RRM Test system design. 
2.
Minimum Antenna gain
The Reference sensitivity power level for UEs is specified in TS 38.101-2 [4], and is in the Rx beam peak direction. The Refsens values are derived using parameters agreed in R4-1804589 [5], understood to be for Power class 3. Relevant extracts from R4-1804589 are:
	28G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n257, n261

(Glass)

	Effective realized antenna array gain [dB]
	8
	10
	9
	7
	8.7
	9.5

	NF [dB]
	10
	10
	10
	9
	10
	10

	Total implementation loss [dB]
	9.6
	8.5
	7
	6.7
	4.6
	8.0

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-85.41
	-89.73
	-90.01
	-89.31
	-92.11
	-89.3


Table 1 EIS and Contributing Parameters for 28G
	39G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n260

(Glass)

	Effective realized antenna array gain [dB]
	7.5
	9
	9
	8.5
	10.4
	10.5

	NF [dB]
	11
	11
	12
	10.5
	11.6
	11.6

	Total implementation loss [dB]
	10.9
	9.5
	8
	7.7
	5.0
	8.4

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-82.61
	-86.73
	-87.01
	-88.31
	-91.81
	-88.3


Table 2 EIS and Contributing Parameters for 39G
Given that these are to achieve Refsens, we have taken the lowest antenna gain across all the companies that contributed, and across both frequency ranges, which is 7dB.

· Proposal 1: Use 7dB lowest antenna gain as a working assumption to design RRM Test cases 

We recognise that this value may only be applicable for Power class 3, and that other UE types may need different values.
3.
Maximum Antenna gain
3.1 Case with 16 beams, uniformly distributed 
In general for a handheld UE the signal can arrive from any angle over the whole sphere. As the gain of an antenna with a beam in a specific direction increases, the beamwidth becomes narrower and the number of beams required to cover the whole sphere becomes larger. There is therefore a direct tradeoff between antenna gain and the number of beams.

The analysis provided in R4-1810677 [6], in the context of intra-frequency measurement of other cells, considers some practical antenna arrays and observes that in order to provide a spherical coverage, at least 8 Rx beams shall be used (the basis of this is 4 beams on one antenna panel to provide half spherical coverage, with each Rx beam providing 90° coverage in both horizontal and vertical direction). Based on this, we have analysed a scenario with 16 beams to predict what the maximum antenna gain could be.

The solid angle over the surface of a sphere is 4π steradians. If this were to be divided into 16 equal parts, and the antenna gain was distributed equally, the average antenna gain would be 10log10(16) = 12dB. In practice, the gain at the beam peak would be 3dB higher than at the edges of the beamwidth, but the average gain over each solid angle of (4π/16) would remain 12dB. For simplicity, assume that the beam peak gain is 2dB higher than the average, giving a beam peak gain of (12dB + 2dB) = 14dB.    
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If these assumptions are reasonable, we could expect a maximum gain of 14dB.

3.2 Case using values in TR 38.803 
TR 38.803 [8] contains clauses on the UE antenna element pattern and the number of UE antennas:

5.2.3.3

UE antenna element pattern

Table 5.2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi


<< clauses skipped >>
6.2.1.1.2
Number of UE antennas

While the coexistence studies consider an UE antenna arrangement of 32 patches, a more realistic number of antenna elements for implementation is 8 or up to 16, at least around 30 GHz. This is also considering that the UE must also accommodate antennas for LTE.

One example of a possible arrangement is shown in Figure 6.2.1.1.2-1 with the mmW antennas arranged in groups, the LTE antennas and NR antennas for below 6 GHz operation are arranged at the bottom of the device. Other arrangements are also possible. 8 or possibly 16 mmW elments is more realistic than 32 elements at 30 GHz considering typical UE form factors.
If we use this approach, we could expect a maximum gain of (5dB + 12dB) = 17dB.

For the purpose of this analysis we take the higher gain of the two predictions.
· Proposal 2: Use 17dB highest antenna gain as a working assumption to design RRM Test cases 

As before, we recognise that this value depends whether the assumptions are reasonable, and may only be applicable for Power class 3. Other UE types may need different values.
4.
Absolute RSRP measurements 

In the current TS 38.133 editor’s CR [7], Table 10.1.3.1.1-1 specifies Intra-frequency Absolute SS RSRP Accuracy as ±[6]dB under normal conditions with a TBD Io side condition, with wider values under other side conditions:

Table 10.1.3.1.1-1: SS RSRP Intra frequency absolute accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/120kHz SSB SCS 
	dBm/240kHz SSB SCS
	dBm/BWChannel
	dBm/BWChannel

	([6]
	([9]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	([8]
	([11]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.


If the UE antenna gain can be assumed to be the range 7dB to 17dB as proposed, and the ±[6]dB is finalised, reported values could be tested against limits of (±6dB ±5dB) = ±11dB. It is also assumed here that the test case is performed using the UE Rx beam peak direction.
In Anritsu’s view, these values would provide a useful test case, and allow test systems to be designed.
5.
Way Forward

RAN4 is asked to endorse the following proposals for a Power class 3 UE:

· Proposal 1: Use 7dB lowest antenna gain as a working assumption to design RRM Test cases
· Proposal 2: Use 17dB highest antenna gain as a working assumption to design RRM Test cases
And for other Power class UEs:

· Proposal 3: Investigate lowest and highest antenna gain values for Power class 1, 2  and 4 UEs
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