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1	Introduction
In RAN4 #88bis, companies discussed the remaining issues of NR testability for RRM test setup, and RAN4 concluded the following WF with the remaining issues listed as [1]:
	· 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.
· Other open issues: 
· Noc level for scenario 3 and Mode 1 (TE transmits desired signal and artificial noise)
· How to select the tested direction for Scenario 2 and 3 is FFS



In this contribution, we would like to provide our views on the related issues related to NR testability for RRM test setup. 
2 Discussion
2.2 Conclusion from RRM room for “rough” beam
During RAN4 #88bis, it has been identified that there are differences between “fine” and “rough” RX beams, with the following definitions in [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.



And it has also been identified that different kinds of RRM tests may be supported by assuming that UE is using “fine” or “rough” RX beams: 
	· 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



Although using fine or rough beams in different RRM functions are totally UE implementation issues, it still has been regarded as common understanding that mobility and access procedure related functions should be based on rough RX beams, i.e., at least measurement delay/accuracy, handover, , random access should be based on the rough beams being utilized. 
During Rel-15 RRM discussion for measurement delay and other requirements, how to specify FR2 RX beamforming relaxing factor is under a long discussion with the following agreement provided: 
- RAN4 RRM group firstly decided that X = 5 occasions of SMTCs are needed for intra-frequency measurements to meet the accuracy requirement.
- Secondly, RAN4 RRM group faced the difficulty to find out the proper RX relaxing factor N, in the range of [4, 8], since it could implicitly indicate the number of “rough” beam to be used in practical UE implementation and UE vendors don’t prefer any restriction on UE RX beam implementation. 
- As a compromise, RAN4 RRM group decide to use the value of X * N = 24 as the total number of SMTC occasions available to handheld UE to have the intra-frequency measurement, among these occasions UE does have the flexibility to allocate to different RX beams for measurement: 
	 For a UE with 4 RX rough beam directions, more than 5 SMTC occasions (i.e, 6 SMTC occasions) are available to guarantee measurement accuracy; 
	 For a UE capable of guaranteeing measurement accuracy with 3 SMTC occasions, UE can have 8 RX rough beam directions to be measured within 24 occasions; 
Based on the above standardization process, it can be seen that as the minimum requirement defined in RAN4, the number of RX rough beam can be as low as 4. 
[bookmark: OLE_LINK1]Observation 1: Based on long standardization process in RAN4 RRM room, the number of RX rough beam can be as low as N = 4, while actual RX rough beam number is dependent on UE implementation. 

2.2 Spherical coverage between fine and rough beams
Literally, fine beam would be more precise but with smaller coverage in 3-D space compared to rough beam. From UE implementation perspective, it is different between the fine beam and rough beam that the number of active antenna element, beamforming codebook, and power allocation. For example, UE may have more fine beams than rough beams, and though some of them have the same direction, other fine beam directions don't exist in rough beam codebook. Moreover, even the directions match, there can be different beam gain due to different beam width.
All the factors will simply lead to a mismatch between spherical coverage map for rough and fine beam. The difference between spherical coverage of these two kinds of beam is illustrated as figure below, in which we assume a 4 directions beam codebook for the rough beam and 8 directions beam codebook for the fine beam. 
[image: ]
Figure 1 C.D.F. of Beam Coverage map for Fine Beam and Rough Beam based on a theoretical study
Generally speaking, though it is actually up to UE implementation, fine beam coverage outperforms rough beam coverage almost everywhere since more beams are used to covey the whole sphere. This mismatch should be taken into account in our discussion on which type of RRM test cases can be supported or further decision on the test methodology of other scenarios. 
Observation 2: The mismatch between fine beam coverage and rough beam coverage should be taken into consideration when discussing the test methodology.

2.3 Assumptions for rough beams for handheld UEs
For the fine beam, most of the energy is concentrated at the beam peak direction; therefore the antenna gain at peak direction would be higher than rough beam. If, for example, the fine beam is formed in the manner of more active antenna elements, array gain can be readily acquired by the fine beam coverage. If the panel elements for fine beam are doubled, at least 3dB gain for fine beam than rough beam can be assumed at the peak direction. For spherical coverage, RAN4 has specified the minimum EIRP and 50%-tile EIRP in [2] on band n257 for handheld UE, thus the antenna gain degradation at 50%-CDF spherical coverage can be calculated as 10.9 dB for fine beam. Compared with that, the antenna gain degradation at 50%-CDF spherical coverage for rough beam can be even larger than 10.9 dB and RAN4 may need more discussion on this value as below.  
Table 1. Assumptions for handheld UEs
	 
	Unit
	RF beam peak (fine beam)
	RRM beam peak
(rough beam)

	UE Antenna Gain (G_UE)
	dBi
	8
	[5]

	UE Noise Figure (F_UE)
	dB
	12
	12 

	UE Implementation loss (IL_UE)
	dB
	11
	11 

	[bookmark: OLE_LINK2]UE Antenna Gain Degradation at 50%-CDF spherical coverage
	dB
	10.9
	FFS



On the other hand, it should be noted that for RRM test, the SNR range (specifically upper bound) is not a sensitive issue for most of RRM tests (Es/Iot is set to be in the level far below SNR upper bound), more relaxation (e.g., 5dB degradation as total antenna degradation from fine beam peak) can be provided to make sure SNR error of 1dB or less. 
Observation 3: For Scenario-1 (1AoA with beam peak direction) for rough beam-based RRM tests, minimum Noc level can be configured by 5 dB additional increase by considering the difference of antenna gain between fine and coarse beams.
Observation 4: For Scenario-2 (1AoA with non-beam peak direction) for rough beam-based RRM tests, FFS the value of UE antenna gain degradation at 50%-CDF spherical coverage with RRM rough beam.
2.4 Spherical Coverage Map in Scenario-2 (1AoA, non-beam-peak direction)
RAN4 has reached agreement that Scenario #1 can be used for 2 types of RRM test cases. For Scenarios #2, we should also determine the methodology. Similar as Scenario #1, we simply have two options to determine the points “better than 50% spherical coverage”, i.e., spherical coverage map:
· Option-1: setup a test mode for using rough beam, and obtain spherical coverage map in this test mode;
· Option-2: directly use the coverage map of fine beam (from RF test result)
According to the C.D.F of beam coverage above, however, if Option-2 is used, antenna gain at “50%”-tile CDF points in rough beam map may have even lower percentile in fine beam map. As shown in Figure.1, around 20% points on the rough beam map are above 50% point but are still below 50% point for the fine beam coverage. This power gain loss should be somehow reflected in the requirement for Scenario #2 test cases.
Observation 5: Two options could be applied to Sceario-2 test cases, but if Option-2 is selected, mismatch between two beam maps may cause unexpected performance reduction, which shall be reflected in the requirement for Scenario #2 test cases.

3 Conclusion
In this paper, we provided our views on the related issues related to NR testability for RRM test setup, with the following observations and proposal achieved:  
Observation 1: Based on long standardization process in RAN4 RRM room, the number of RX rough beam can be as low as N = 4, while actual RX rough beam number is dependent on UE implementation. 
Observation 2: The mismatch between fine beam coverage and rough beam coverage should be taken into consideration when discussing the test methodology.
Observation 3: For Scenario-1 (1AoA with beam peak direction) for rough beam-based RRM tests, minimum Noc level can be configured by 5 dB additional increase by considering the difference of antenna gain between fine and coarse beams.
Observation 4: For Scenario-2 (1AoA with non-beam peak direction) for rough beam-based RRM tests, FFS the value of UE antenna gain degradation at 50%-CDF spherical coverage with RRM rough beam.
Observation 5: Two options could be applied to Sceario-2 test cases, but if Option-2 is selected, mismatch between two beam maps may cause unexpected performance reduction, which shall be reflected in the requirement for Scenario #2 test cases.
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