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1 Introduction

In RAN4 #88bis a test methodology for FR2 RRM performance requirements was discussed. During the discussion it was confirmed that for some of the RRM requirements UE is allowed to use a reduced size RX beam codebook (with so-called “rough” beams) in order to meet the measurement delay requirements. The “rough” beams may have smaller antenna gains and a different spherical coverage performance. Therefore the RRM test methodology shall be adjusted to take into account different RX beam characteristics [1]. In RAN4 #89 tentative agreements on the antenna gain difference values for UE PC3 were reached and the respective values were agreed to be used for the Noc setup for RRM testing [2]:

	· Conclusions on antenna gain difference between the “rough” and “fine” beams for Noc derivation for RRM test methods for PC3 UE were made:

· Fine RX beam peak direction antenna gain difference: [7] dB

· Peak antenna gain difference: [5] dB 

· Minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met relative to the gain of 50%-tile CDF of fine beams antenna gains: [8] dB

· Further refine the values in RAN4 #90. Companies are encouraged to bring simulation results to compare fine/rough antenna gain difference over the best 50% of the sphere in which spherical EIS is met. Simulation assumptions:

· Reuse PC3 UE RF spherical coverage analysis assumption (R4-1801202 slides 5 & 8). Results shall be provided at least for the case of 1 panel and 4x1 array.


In RAN4 #90, additional agreements on the antenna gain difference were reached and captured in the WF [3]:

	Antenna gain difference for 1AoA

· The following assumptions on antenna gain difference can be used for 1AoA RRM testing: 
· For peak beam direction
· Antenna gain difference for PC3 Y=7dB
· Y is the antenna gain difference between the fine and rough beams in the RX beam peak direction. (Y is not band dependent)
· For non-peak beam direction
· Antenna gain difference for PC3 Z will be further studied in the RAN4#90bis meeting.
· Z is the antenna gain difference between “fine” and “rough” RX beams within 50% percentile EIS directions (Z is not band dependent).
· Companies are encouraged to provide analysis on this, and define Z at RAN4#90bis meeting.
· Further evaluate how panel selection may impact the Z value, e.g., how to share 24 samples for FR2 measurement for PC3 UE

· Further evaluate the antenna gain difference between the rough and fine beams (Y and Z values) for the UE PC 1, 2 and 4.


In this contribution we provide the simulation results for UE PC3 to complete the definition of Z value characterizing the rough / fine beams antenna gain difference within the EIS spherical coverage directions.

2 Discussion
In RAN4 #89 and #90 meetings tentative antenna gain difference values (Z = [8] dB) were agreed and should be further confirmed by additional simulations. In this section we provide the simulation results for FR2 UE PC3 extending the results presented in [4-5]. 
In accordance to the previous agreements RAN4 needs to assess antenna gain difference between “fine” and “rough” RX beams within 50% percentile EIS direction of the DUT (i.e. in the directions corresponding to the fine beam peak directions). Wi this regard it is important to note that the best 50%-tile directions of rough and fine beams of the DUT are not necessarily completely aligned. Therefore, comparison of the antenna gain difference corresponding to the 50%-tile point of the full sphere CDF statistics may give a wrong indication and the rough beams antenna gains statistics shall be measured only in the best directions of the fine beams spherical coverage. In Figure 1 below we illustrate the typical full sphere CDF (left) and conditional CDF statistics within the best 50%-tile directions (right). It can be observed that the gain difference can be quite different.
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Figure 1. Full sphere 50%-tile CDF antenna gain difference (left) vs Antenna gain difference within the best 50%-tile EIS directions
The key simulation assumptions are summarized in Table 1.

Table 1. Simulation assumptions (UE power class 3)
	Parameter
	Value

	Antenna array module
	4x1 antenna array (rectangular module)

	# of antenna modules in total
	Scenario #1: 1 panel 

Scenario #2: 2 panels

	Frequency range
	Single band optimized antenna array

Fc = 28 GHz (n257)


In accordance to the previous meeting discussion it is observed that the spherical coverage depends on the UE rough codebook design assumptions including a number of available beams and a number of used antenna elements. In accordance to the RRM requirements PC3 UE has 24 samples for measurements and it is up to UE implementation how to split the respective samples between different RX beams. On the one hand, UE can use a large number of beams and allocate 1-2 samples per beam for SSB processing. Alternatively, UE can use a single RX beam and perform continuous accumulation of multiple RX SSB samples in time domain. The final selection of the rough codebook design is expected to be left up to UE implementation and currently not restricted by the RRM Core requirements. For the sake of analysis we evaluate the spherical coverage for different rough codebook designs:

1. 4 beams per panel + 4 antenna elements  (i.e. UE has 4 beams and each beams is using 4 antenna elements with certain phase shifter selection optimized to ensure the best spherical coverage)

2. 4 beams per panel + 1 antenna element per beam (i.e. different beams correspond to different antenna elements in a panel)

3. 2 beams per panel + 2 antenna elements per beam
4. 2 beams per panel + 1 antenna element per beam
5. 1 beam per panel + 1 antenna element per beam
In Figures 2 and 3 we illustrate the CDF of the UE RX antenna gains within the half sphere corresponding to the best fine beam peak directions (best 50%-tile CDF) for 1 and 2 panels cases, respectively. 
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Figure 2. UE RX antenna gain CDF over the part of the sphere in which spherical EIS is met
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Figure 2. UE RX antenna gain CDF over the part of the sphere in which spherical EIS is met
In Table 2 we summarize the simulation results with the difference of the spherical coverage characteristics for rough/fine codebooks.

Table 2. Antenna gain difference between fine/rough beams, dB
	Codebook type
	Z (min gain difference over the best 50% percentile EIS directions), dB

	1 panel

	CB #1: 4 beams per panel + 4 elements per beam
	5.5

	CB #2: 4 beams per panel + 1 element per beam
	5.2

	CB #3: 2 beams per panel + 2 elements per beam
	6.5

	CB #4: 2 beams per panel + 1 element per beam
	5.9

	CB #5: 1 beam per panel + 1 element per beam
	9.8

	2 panels

	CB #1: 4 beams per panel + 4 elements per beam
	3.5

	CB #2: 4 beams per panel + 1 element per beam
	5.3

	CB #3: 2 beams per panel + 2 elements per beam
	6.6

	CB #4: 2 beams per panel + 1 element per beam
	6.3

	CB #5: 1 beam per panel + 1 element per beam
	7.2


The following key observation can be made based on the simulation results

· For 1 panel scenario 
· Z value is in the range from 5.2 to 9.8 dB for different codebooks

· For codebooks with > 2 beams the Z value is in the range from 5.2 to 6.5 dB

· For the 2 panel scenario 
· Z value is in the range from 3.5 to 7.2 dB for different codebooks

The simulation results indicate the expected antenna gain difference between the rough and fine codebooks. Same time, they don’t completely characterize the eventual UE performance. For UE PC3 UE may have 24 measurement samples which can be split among different beams. Each sample repetitions is expected to provide at least 3 dB SNR improvement in case of non-coherent combining. Therefore even 1 beam schemes may potentially have better performance in the field comparing to the schemes with multiples finer beams. Therefore, we think the final agreements on the Z value should not preclude either UE implementation and it is recommended to confirm the Z = 8 dB values which can work well for most of the codebooks considered above.

Proposal #1:
Minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met relative to the gain of 50%-tile CDF of fine beams antenna gains Z = 8 dB

3 Conclusion

In this contribution we address several remaining open issues FR2 RRM Test Methodology. In summary, we make the following proposals:

Proposal #1:
Minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met relative to the gain of 50%-tile CDF of fine beams antenna gains Z = 8 dB
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