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1 Introduction

In RAN4 #88bis meeting the test methodology for FR2 RRM performance requirements was discussed. During the discussion it was confirmed that for some RRM requirements UE is allowed to use reduced size RX beam codebooks (with “rough” beams), which may have impact on the UE spherical coverage performance and, hence, have impact on the UE testability. In particular, the following agreements were made [1]:
	· UE RX beam types definitions

· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage)

· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements) 

· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.

· Beam peak definition

· UE RX beam peak is the RX beam peak defined for the UE RF in TS 38.101-2 (i.e. beam peak corresponding to the “fine” beams)

· ….
· Further identify assumptions on UE RX beam antenna gain difference relative to the UE RX beam peak antenna gain for Noc definition under assumption of using “rough” beams

· Companies are encouraged to bring comparison of the UE spherical coverage for “rough” and “fine” beams

· Analysis can be done under assumption that UE supports [N] beams codebook for “rough” UE RX beams

· Option 1: N = 4

· Option 2: N = 8

· Other options are not precluded

· Whichever option company chooses it is required to ensure that UE is compliant with RRM requirements


In this contribution we provide an analysis of the UE antenna gain characteristics for the case of using different antenna array codebooks applicable to different use cases.
2 Simulation results
In this paper we provide the simulation results of the UE antenna gain spherical coverage for different UE RX beam codebook design assumptions:

	Fine beam codebook
	· Codebook has sufficient number of beams to achieve RF EIRP/EIS spherical coverage requirements.
· UE can perform fine beam selection (RX beam refinement) using the SSB/CSI-RS signals transmitted by the serving cell.

	Rough beam codebooks
	· “Rough beam” codebooks are used at the UE for a subset of RRM requirements which involve the SSB measurements and for these purposes it is assumed that the large size codebook can lead to excessive measurement delay and, hence, the number of tested RX beam hypothesis shall be reduced.

· In accordance to the RRM requirements it is expected that UE is allowed to have [24] measurement opportunities for the SSB measurements. Assuming that for each beam UE may need up to 6 measurement samples, the number of beams which UE can use for the rough codebook is upper bounded by 4. Assuming practical design constraints, UE can use a somewhat smaller value.

· Different codebooks employing different strategies for beam precoder selection can be considered. One possible implementation is to use all antenna elements for the rough codebooks and maintain the peak antenna gain characteristics. Alternatively, UE can use subset of antenna elements for the rough codebook, which would lead to reduced peak antenna gain but will provide smaller spread of spherical coverage performance in the non-beam peak directions.


The key assumptions are summarized in Table 1.

Table 1. Simulation assumptions

	Parameter
	Value

	Antenna array
	4x1 antenna array

	Panel placement
	Scenario #1: 1 panel 

Scenario #2: 2 panels placed on different phone surfaces

	Frequency range
	Single band optimized antenna array

Fc = 28 GHz

	Environment
	Free space (no material considerations)


In Figure 1 we illustrate the full sphere CDF of UE RX antenna gain under assumption of using different antenna placement scenarios and different antenna codebook design assumptions.
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	Figure 1. Full sphere UE RX antenna gain CDF


In Table 2 we summarize the simulation results with the difference of the spherical coverage characteristics for rough/fine codebooks.
Table 2. Simulation results summary

	
	Peak antenna gain difference b/w fine/rough beams, dB
	Antenna gain difference for fine RX beam peak direction, dB
	50%-tile CDF antenna gain difference b/w for fine/rough beams, dB

	1 panel

	Rough beam codebook 1 (4 beams)
	0.2
	0.4
	1.5

	Rough beam codebook 2 (2 beams)
	1.0
	6.7
	4.4

	Rough beam codebook 3 (2 beams)
	2.8
	4.4
	3.6

	Rough beam codebook 4 (1 beam)
	4.5
	6.4
	5.8

	2 panels

	Rough beam codebook 1 (4 beams)
	1.0
	
	3.3

	Rough beam codebook 2 (4 beams)
	2.8
	
	3.5

	Rough beam codebook 3 (2 beams)
	4.8
	
	6.0


Based on the simulation results we make the following key observations:

· Peak UE RX antenna gain for rough beam codebooks can be reduced comparing to the fine beam codebook by up to 5 dB

· Fine/Rough beam codebooks RX beam peak directions may be not aligned if rough codebooks do not include the beam corresponding to the peak antenna gain of the fine codebook. For a single panel case the difference in antenna gains is from 0.4 to 6.7dB.

· Spherical coverage UE RX antenna gain is substantially affected by the codebook design. The coverage is reduced in case the number of beams is reduced. For a fixed number of beams the antenna gain CDF depends on the particular selection of codebook vectors.

· Rough beam codebook antenna gain 50%-tile CDF is reduced comparing to the fine codebook by 1.5 – 6 dB

Finally, we would like to note that under assumption of practical antenna array arrangement in the smartphone with glass grounding, the spherical characteristics will change. In particular, both peak antenna gain and the CDF shapes will be affected. So, the antenna gain difference between the fine and rough beams can further increase.
3 Conclusion
Based on this analysis we conclude that UE spherical coverage depends on the UE codebook design and the UE antenna gains cannot be directly derived from the UE spherical coverage requirements defined for the fine beam codebook. Also, we observe that it is quite challenging to derive the particular antenna gain difference between that fine/rough codebooks since antenna codebook design for the rough beams may vary from one vendor to another and vary depending on the particular antenna panel placement in the smartphone.

In summary, we make the following observations:

· Peak antenna gains

· Peak antenna gain difference for fine/rough beams is up to 5 dB
· Antenna gain difference for fine/rough beams in the fine beam RX peak direction is from 0.4 to 6.7 dB
· Spherical coverage 
· UE RX antenna gain CDF is substantially affected by the codebook design. 
· The coverage is reduced in case the number of beams is reduced. 
· For the fixed number of beams the antenna gain CDF depends on the particular selection of codebook vectors. 
· Rough beam codebook antenna gain 50%-tile CDF is reduced comparing to the fine codebook by 1.5 – 6.0 dB

· Under assumption of practical antenna array arrangement in the smartphone with glass grounding, the spherical characteristics will change. In particular, both peak antenna gain and the CDF shapes will be affected. So, the difference between the fine and rough beams antenna gains can further increase.
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