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1 Introduction
In RAN4 #88bis meeting the test methodology for FR2 RRM performance requirements was discussed. 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)

· SNR definition

· SNRRP – OTA reference point SNR

· SNRBB – baseband SNR

· The following types of RRM test cases can be supported by the NR Test Methods

· Type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams 

· Type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams

· Note: It is up to RRM room to identify which test cases are Type 1 or 2
· Scenarios for RRM test cases which can be supported by the NR Test Methods

· Scenario #1: 1 AoA with signal coming from the UE RX beam peak direction

· Scenario #2: 1 AoA with signal coming from the non UE RX beam peak direction

· Scenario #3: 2 AoA

· Signal directions

· Option 1: One signal comes from the UE RX beam peak direction. The other signal comes from the non RX beam peak direction

· Option 2: Both signals come from the non-beam peak directions

· Assumption is that the respective signal and noise levels per AoA at the reference point will be defined in the test description

· Note 1: Type 1 and Type 2  RRM test cases can be used for either scenario

· Note 2: it is up to RRM room to decide whether any of the scenarios can be used for RRM test case definition.

· The following modes of Side condition emulation can be supported by the NR Test Methods

· Mode 1: TE emulates target SNR conditions
· Scenario 1/2: TE transmits desired signal and artificial noise jointly. The noise power is set to reach target SNR conditions in the reference point

· Scenario #3: TE can transmit both desired and noise signals from both directions. 
· Option 1: Same noise level can be applied for both tested directions.
· Option 2: Different noise levels can be applied for different directions.
· Mode 2: TE emulates desired signal only without artificial noise

· Note: It is up to RRM room to select applicable mode for each test case
· For Scenarios 1&2 and Mode 1 (TE transmits desired signal and artificial noise)

· Noc level is selected such that SNRRP = SNRBB + [X] dB

· Follow the methodology used for UE demodulation to derive the SNR level but with different antenna gain assumptions specific to different scenarios

· X value
· Option 1: X = 1 dB

· Option 2: other values are not precluded. Companies can bring proposals.

· Whether higher Noc level shall be supported can be discussed in the RRM test cases and not precluded from testability perspective. (Note: feasible SNR range can be smaller than for the case of Noc1) 

· Noc level definition and SNR range

· Option 1: Use same methodology as the one used for UE demodulation (agreed in R4-1811892)

· The UE antenna gain assumptions shall be changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough beams)

· Option 1: Use UE RX antenna gain difference between peak EIS and 50%-ile EIS spherical coverage for PC3

· Option 2: other options not precluded

· Option 2: Use coverage requirements

· The coverage requirements are in the process of being agreed for fine beams and can be used directly.

· For rough beams, the same method is used but with values changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough 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

· Notes: Based on TR 38.133 section 9.2.5.1
· Mpss/sss_sync_w/o_gaps : For a UE supporting power class 1(fixed wireless access), Mpss/sss_sync=40. For a UE supporting power class 2(vehicle mounted), Mpss/sss_sync_w/o_gaps =[24].  For a UE supporting power class 3 (handheld), Mpss/sss_sync_w/o_gaps =[24]. For a UE supporting power class 4, Mpss/sss_sync_w/o_gaps =TBD 
· Mmeas_period_w/o_gaps : For a UE supporting power class 1 (fixed wireless access), Mmeas_period_w/o_gaps =40. For a UE supporting power class 2 (vehicle mounted), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 3 (handheld), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 4, Mmeas_period_w/o_gaps =TBD.


In this contribution we address the remaining open issues for RRM test methods.
2 Discussion

2.1 UE RX beamforming assumptions

During the RAN4 88bis it was noted that the UE may use different RX analog beam codebook assumptions for different types of UE requirements.
Table 1. UE RX codebook types

	
	Types of requirements
	Comments

	Fine beam codebook
	· UE RF requirements (e.g. EIS, EIS spherical coverage)

· UE demodulation requirements

· Selected RRM requirements
	· 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 codebook
	· 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 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 samples, the number of beams which UE can use 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.


Observation #1: Some RRM requirements are defined under assumption of using “rough” RX beams with small size codebooks. The number of beams in the rough codebooks for UE PC3 shall not exceed 4.
During the previous meeting it was confirmed that “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.” In the companion paper [2] we provide the simulation results with UE antenna gain characteristics under assumption of using different types of codebooks. Based on these results, 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.

Observation #2: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be substantially different.
We also note that currently RAN4 introduced UE spherical coverage requirement only under assumption of using fine beams, while the rough beams design details are left up to UE implementation. 
Observation #3: RAN4 did not define requirements on the RRM rough codebook characteristics and details are left up to UE implementation.
In the previous meeting it was proposed that the RRM tests can be performed within the 50% of EIS spherical coverage directions and it was proposed to assume that the rough beams antenna gains are same as the gains for fine beams (i.e. 50%-tile EIS for fine and rough beams is equal). In accordance to the presented results in [2] it is obvious that this assumption is not valid and such approach would mandate UE to support full codebook for the RRM measurements which is not possible from the RRM requirements perspective.
Observation #5: RRM test procedure and selection of Noc power level may put limitations on the UE codebook implementation.
2.2 RRM test methodology
During previous meeting discussion 3 generic RRM test scenarios were identified with different receive signal AoA emulation procedure:

· Scenario #1: 1 AoA with signal coming from the RX beam peak direction

· Scenario #2: 1 AoA with signal coming from the non RX beam peak direction

· Scenario #3: 2 AoA scenario with 2 signals coming simultaneously from different directions
Note: The RX beam peak is defined as the global RX beam peak corresponding to the “Fine” beam UE RX codebook.
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Figure 1. RRM test setup scenarios
Also, based on agreements the following 2 modes of side condition emulation shall be supported by the NR Test Methods

· Mode 1: TE emulates target SNR conditions
· Mode 2: TE emulates desired signal only without artificial noise

For Mode 1, RAN4 needs to define the minimum Noc power level which can be supported by the TE in the reference point. For the Mode 2 operation, the minimum useful signal power level shall be derived.
2.2.1 Type 1 RRM test cases with UE using Fine beams
Scenario #1: 1 AoA with signal coming from the RX beam peak direction 
The scenario can be supported with a minimum amount of modifications from the UE Demodulation / RF setup, since UE is using fine RX beams and the tested directions is aligned with the fine RX beam peak:
· Mode 1: TE emulates target SNR conditions 
· Noc level is selected such that SNRRP = SNRBB + [1] dB

· Noc can be derived based on peak EIS data as discussed in the previous meeting

· Option 1: Use same methodology as the one used for UE demodulation (agreed in R4-1811892) with Noc = -153dBm for UE Power class 3 and band n260.
· Option 2: Noc = EISPeak- 10*log10(Max. RX BW) – SNR + 6.0 = EISPeak, 50MHz – 69 dB
· Mode 2: TE emulates desired signal only
· The desired signal power level shall be selected in a way to achieve certain increase over the UE noise floor which can be derived from the peak EIS requirements
Scenario #2: 1 AoA with signal coming from the non RX beam peak direction 

In principle, RRM performance verification can be conducted in the directions which are derived from the EIS spherical coverage data. In the latter case for Mode 1 the Noc level shall be adjusted to take into account EIS spherical coverage (i.e. noise floor can be derived under assumption of 50%-tile EIS). For Mode 2, similarly the desired signal power level shall be selected in a way to achieve certain increase over the UE noise floor which can be derived from the 50%-tile EIS requirements.

At the same time, the possible benefits of using Scenario #2 for RRM tests with fine RX beams are unclear. Same time, the SNR range will be reduced proportionally to the different in the UE antenna gains between the peak EIS and 50%-tile EIS. So, unless the test setup benefits are justified, we recommend not to support such scenario from test methodology perspective.
Scenario #3: 2 AoA
In our view 2 AoA scenarios are not aimed for verification of UE performance for the “Fine” RX beams case and shall not be supported.
Proposal #1:
For type 1 RRM test cases when UE is using fine beams

· Support Scenario #1 with 1 AoA with signal coming from the RX beam peak direction

· Mode 1: TE emulates target SNR conditions 
· Noc level is selected such that SNRRP = SNRBB + [1] dB

· Noc is derived based on peak EIS value

· Mode 2: TE emulates desired signal only

· Desired signal power level selected in a way to achieve certain increase over the UE noise floor derived from the peak EIS requirements

· Do not support Scenario #2 with 1 AoA with signal coming from the RX beam peak direction and Scenario #3 with 2 AoA

2.2.2 Type 2 RRM test cases with UE using Rough beams
One of the fundamental issues which we see for the case of introduction of test methods for the Rough beams is that at current stage RAN4 did not define any respective RF or RRM Core requirements for the rough beams spherical coverage performance. Same time, from the test methodology perspective using certain power level is required. The selection of certain value will introduce implicit requirements on the UE implementation which have not been discussed so far in the scope of the NR WI. So, we recommend to further discuss the associated Core requirements for the spherical coverage for rough beams as a part of NR WI first before introducing implicit and non-transparent restrictions on the UE implementation as a part of NR Test Methods SI. Same time, in case there is a strong request from the industry to introduce the requirements, RAN4 is recommended to select the worst case assumptions for the antenna gain difference between the rough / fine beams (i.e. not preclude either RX rough codebook implementation).
Observation #6: Definition of the minimum noise power levels for the RRM test methods for Type 2 RRM test cases with UE is using rough beams will impose implicit requirements / constraints on the UE implementation
1 AoA scenarios
For the 1 AoA case we note that the RX beam peak directions for the fine and rough beams could be different. In particular, in accordance to the analysis in [2] the antenna gain difference, can be up to 6.7dB for free space conditions. Such difference in the antenna gains could substantially reduce the SNR range and thus make the method useless. Same time, the overall difference in the peak UE RX antenna gains for the rough and fine codebooks is smaller (up to 5 dB for free space conditions). Therefore, in order to improve the testable SNR range it is desirable to ensure that the TX signal is aligned with the rough beam peak direction. So, we suggest to perform the testing from the rough RX beam peak direction. The test method may be adjusted to find the rough beam RX peak test direction prior to the start of the test. For instance, the beam peak direction can be found using the SS-RSRP or SS-SINR reporting since UE is supposed to use rough beams for the where UE is using rough beams. Furthermore, SS-SINR reporting method can be more preferable due to lack of RF margins and better accuracy (SS-SINR has ±3dB accuracy, while SS-RSRP has ±6dB). The existing RX beam peak search procedure based on the SS-RSRP defined for the RF test methods can be adjusted to support the SS-SINR metric instead (note: actually assuming that UE is using rough beams for RSRP reporting, the existing method it is not applicable for the RF test methods). 
In case the test is performed in the direction aligned with the rough beam RX peak direction, then the following approach for the test setup can be considered:
· Mode 1: TE emulates target SNR conditions 
· Noc can be derived based on the adjustment of Noc level defined for the fine beam peak to take into account rough beam antenna gain as follows: 

Noc = Noc_fine + X dB.
· Noc_fine is the RX beam peak noise level defined in Section 2.2.1
· X value is the maximum antenna gain difference between the fine/rough beams. 
· X = [7] dB to allow different types of UE rough beam implementations
· Mode 2: TE emulates desired signal only
· The desired signal power level shall be selected in a way to achieve certain increase over the UE noise floor which can be derived from the adjusted peak EIS requirements (EISPeak + X dB)

2 AoA
Support of 2 AoA scenario will require introduction of the spherical coverage requirements for the UE RX beams and the test methodology cannot be defined if the Core requirements are not defined first.
Proposal #2:
For Type 2 RRM test cases when UE is using rough beams

· 1 AoA case

· RRM test is done in the “rough” RX beam peak direction corresponding to the maximum reported SS-SINR

· Noc derived based on the adjustment of Noc level defined for the fine beam peak to take into account modified antenna gain as follows

Noc = Noc_fine + X dB.

· X is the maximum peak antenna gain difference between the fine/rough beams. 

· X = [7] dB

· Do not support 2 AoA case

3 Conclusion

In this contribution we address the remaining open issues for RRM test methods. In summary we make the following proposals:

Proposal #1:
For type 1 RRM test cases when UE is using fine beams

· Support Scenario #1 with 1 AoA with signal coming from the RX beam peak direction

· Mode 1: TE emulates target SNR conditions 
· Noc level is selected such that SNRRP = SNRBB + [1] dB

· Noc is derived based on peak EIS value

· Mode 2: TE emulates desired signal only

· Desired signal power level selected in a way to achieve certain increase over the UE noise floor derived from the peak EIS requirements

· Do not support Scenario #2 with 1 AoA with signal coming from the RX beam peak direction and Scenario #3 with 2 AoA

Proposal #2:
For Type 2 RRM test cases when UE is using rough beams

· 1 AoA case

· RRM test is done in the “rough” RX beam peak direction corresponding to the maximum reported SS-SINR

· Noc derived based on the adjustment of Noc level defined for the fine beam peak to take into account modified antenna gain as follows

Noc = Noc_fine + X dB.

· X is the maximum peak antenna gain difference between the fine/rough beams. 

· X = [7] dB

· Do not support 2 AoA case
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