Page 1

3GPP TSG-RAN WG4 Meeting #90

R4-1900123
Athens, Greece, 25th February – 1st March 2019
Agenda item:
10.1.3
Source:
Intel Corporation
Title:
Remaining details of NR FR2 RRM test methods
Document for:
Discussion

1 Introduction

In the previous meeting the majority of details of the FR2 RRM Test Methodology were finalized. In this contribution we address several remaining open issues including:
· #1: Rough/Fine antenna gains difference for RRM test Noc setup

· #2: Test setup
2 Rough/Fine beams antenna gain difference

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 the simulation results with comparison of the spherical coverage for different codebook designs were submitted [2-4] and illustrated that the spherical coverage performance can be substantially different for the case of using fine and rough beam codebooks. Also, 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 [5]:
	· 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.


The respective antenna gain values are used to derive the Noc power level for the RRM performance requirements testing to ensure that the artificial power noise level is above the UE RF noise floor. The detailed methodology is agreed in [5] and also provided in the TS 38.810.

PC3 UE antenna gain difference
In RAN4 #89 tentative antenna gain difference values were agreed and should be further confirmed by additional simulations. In this section we provide the simulation results extending the results presented in [4]. 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

	Codebooks
	1 panel case

· Fine beam codebook

· Rough beam codebook #1 – 4 beams / 4 elements

· Rough beam codebook #2 – 2 beams / 2 elements

· Rough beam codebook #3 – 2 beams / 4 elements

· Rough beam codebook #4 – 1 beams / 1 element

2 panels case

· Fine beam codebook

· Rough beam codebook #1 – 2 beams per panel / 2 elements

· Rough beam codebook #2 – 2 beams per panel / 4 elements
· Rough beam codebook #3 – 1 beam per panel / 1 element


The RRM performance tests can be performed in 1) Fine RX beam peak direction, or 2) Any direction which covered by [50%] percentile EIS spherical coverage of the DUT (i.e. fine beam peak directions). Therefore, the antenna gain difference shall be assessed for these two points. We also note that the best 50% of rough and fine beams directions 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 may give a wrong indication and the rough antenna gain statistics shall be measured only in the best directions of the fine beams spherical coverage. In addition, we note that “Peak antenna gain difference” statistics is not required for the RRM test setup and no further analysis for this metric is needed.
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 for the free space environment. In Figure 2 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).
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	Figure 1. Full sphere UE RX antenna gain CDF (free space)
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	Figure 2. UE RX antenna gain CDF over the part of the sphere in which spherical EIS is met (free space)


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
	Gain difference in the Fine Beam peak direction
	Min  gain difference over the best 50% percentile EIS directions

	
	1 panel

	Codebook #1 – 4 beams / 4 elements
	0.4
	5.5

	Codebook #2 – 2 beams / 2 elements
	4.4
	6.5

	Codebook #3 – 2 beams / 4 elements
	6.6
	16.7

	Codebook #4 – 1 beams / 1 element
	6.4
	9.8

	
	2 panels

	Codebook #1 – 2 beams per panel / 2 elements
	4.4
	6.6

	Codebook #2 – 2 beams per panel / 4 elements
	6.6
	~0

	Codebook #3 – 1 beam per panel / 1 element
	6.4
	6.6


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

· Peak UE RX antenna gain for rough beam codebooks can be reduced comparing to the fine beam codebook by up to 5 dB. The peak antenna gain reduction comes due to the fact that UE may use smaller number of antenna elements for the beamforming which results in smaller peak gains but better spherical coverage performance and gain variation in different directions.

· Fine/Rough beam codebooks RX beam peak directions may be not aligned and for a single panel case the difference in antenna gains is from 0.4 to 6.6dB. The degradation comes due to the fact that rough codebooks do not include the beam corresponding to the peak antenna gain of the fine codebook

· 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

· The minimum antenna gain difference for the rough/fine beams within the best 50% directions of fine beams of the DUT is in the range from 5.5 to 15 dB.

· For 1 panel scenario 
· All tested codebooks have < 7 dB antenna gain degradation in the fine beam peak direction
· For the minimum gain difference over the part of the sphere in which spherical EIS is met only codebooks #1 and #2 have antenna gain difference < 8 dB.
· For the 2 panel scenario all tested codebooks have smaller gain difference than the tentatively agreed values.
Taking into account that PC3 UE can have ~ 4 beams in the codebook based on the RRM requirements assumptions, the tentatively agreed values can be used for the Noc settings without risk to penalize UEs with different implementations.
Proposal #1:
Use the following rough/fine beams antenna gain difference for UE PC3

· Fine RX beam peak direction antenna gain difference: 7 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

PC1/2/4 UEs Rough/Fine beams antenna gain difference
All the agreements on the antenna gain difference are defined for the UE PC3 and cannot be directly reused for UE PC 1, 2 and 4. The RX codebook design assumption may differ. Additional studies are needed to define the antenna gain difference between the fine and rough beams.
Proposal #2:
Further separately evaluate the antenna gain difference between the rough and fine beams for the UE PC 1, 2 and 4.
3 Tested directions and Noc setup
The Noc setup for the RRM test methods was agreed in RAN4 #89 [5]. In addition to the previous agreements a number of additional clarifications is suggested.

Test directions
Many previous meeting agreements on RRM test methods are focused on UE PC3. In particular, many parameters are defined under assumption that the test is done in the best 50th percentile of the EIS directions. Same time in TS 38.101-2 different spherical coverage requirements are considered for other power classes (e.g. 85th%ile for PC1 UEs). Therefore, to make the methodology applicable to other power classes, the tested directions shall be selected in accordance to the EIS spherical coverage requirements. 

Proposal #3:
Specify different set of tested directions for different UE power classes depending on the corresponding CDF percentile used for the RF spherical EIS requirements.
Single Noc value

Based on previous agreements “Depending on the test purpose, each RRM test case should decide whether to use a band / Power class dependent Noc value, or whether a single Noc value is adequate.” In case a single Noc value is used for testing, the respective value should be larger than the one required for testing in the particular band.
Noc values for multi-band devices
For the PC3 UEs that support operation in multiple FR2 bands (i.e. same antenna array is designed to support multi-band operation), the minimum requirement for reference sensitivity (EIS) requirements were agreed to be relaxed per band, respectively, by the reference sensitivity relaxation parameter ΔMBP,n []:
	Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3

Supported bands

∑MBP (dB)

∑MBS (dB)

n257, n258

≤ 1.3

≤ 1.25

n258, n260

≤ 1.0

≤ 0.753
n258, n261

≤ 1.0

≤ 1.25

n260, n261

0.0

≤ 0.752
n257, n258, n261

≤ 1.7

≤ 1.75

n257, n260, n261

≤ 0.5

≤ 1.253
n258, n260, n261

≤ 1.5

≤ 1.253
n257, n258, n260, n261

≤ 1.7

≤ 1.753
NOTE 1:
The requirements in this table are applicable to UEs which support only the indicated bands

NOTE 2:
For supported bands n260 + n261, ΔMBS,n is not applied for band n260

NOTE 3:
For n260, maximum applicable MBS,n is 0.4 dB

….

For the UEs that support operation in multiple FR2 bands, the minimum requirement for reference sensitivity in Table 7.3.2.3-1 shall be increased per band, respectively, by the reference sensitivity relaxation parameter MBP,n as specified in section 6.2.1.3.

…

For the UEs that support operation in multiple FR2 bands, the minimum requirement for EIS spherical coverage in Table TBD shall be increased per band, respectively, by the reference sensitivity relaxation parameter MBS,n as specified in section 6.2.1.3.


A similar approach can be applied for the Noc adjustment for UE RRM tests. Same time, we note that in RF specs separate relaxations are introduced for the peak and spherical EIS requirements which may complicate Noc definition for RRM tests. Assuming the many of RRM scenarios are tested in the non RX beam peak direction and to simplify the methodology it is suggested that the Noc is relaxed by and max(ΣMBP, ΣMBs) defined in TS 38.101-2 Table 6.2.1.3-4:

NocMB = Noc + max(ΣMBP, ΣMBs)
Proposal #4:
For Noc setup for multi-band devices increase the Noc power level by max(ΣMBP, ΣMBs) defined in TS 38.101-2 Table 6.2.1.3-4.
NocMB = Noc + max(ΣMBP, ΣMBs)
4 Conclusion

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

Proposal #1:
Use the following rough/fine beams antenna gain difference for UE PC3

· Fine RX beam peak direction antenna gain difference: 7 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

Proposal #2:
Further separately evaluate the antenna gain difference between the rough and fine beams for the UE PC 1, 2 and 4.
Proposal #3:
Specify different set of tested directions for different UE power classes depending on the corresponding CDF percentile used for the RF spherical EIS requirements.
Proposal #4:
For Noc setup for multi-band devices increase the Noc power level by max(ΣMBP, ΣMBs) defined in TS 38.101-2 Table 6.2.1.3-4.
NocMB = Noc + max(ΣMBP, ΣMBs)
References
[1] R4-1814311 “Way forward on the remaining open issues for RRM test methods” Intel Corporation, Anritsu, RAN4 #88bis, October 2018
[2] R4-1814947 “Wide Beams and Narrow Beams in FR2” Qualcomm Incorporated, RAN4 #89, November 2018
[3] R4-1814472 “Discussion on RRM testing methodology”, Samsung, RAN4 #89, November 2018
[4] R4-1816259 “Spherical coverage performance for UE RRM requirements”, Intel Corporation, RAN4 #89, November 2018
[5] R4-1816742 “WF on test methods for FR2 RRM testing”, Qualcomm Incorporated, AT&T, Docomo, Verizon, Telstra, Keysight, Anritsu, Rohde & Schwarz, RAN4 #89, November 2018
[6] R4-1816626 “Draft CR to TS 38.101-2: Introducing multi-band applicability for PC3” Apple Inc., LGE, OPPO, Xiaomi, Qualcomm, Murata, November 2018

PAGE  
5/6

