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Introduction
In this contribution we discuss some of the status and remaining open issues for OTA testing. Specifically we discuss
· Status after RAN4#90bis
· Rough and fine beam difference in 1 and 2 AoA setup, non-peak direction
· AoA setup in remaining testcases
· Noise setup in RSRP accuracy tests

Discussion
Status after RAN4#90bis
Good progress was made on many aspects of OTA testing in RAN4#90bis (Xi’an) meeting. One of the most encouraging aspects was that side conditions were agreed in [1]. Although not only related to testing, the implication for testing is that it should be feasible to define signal and noise levels in RRM tests now, using the agreed side conditions. For the SS-RSRP intrafrequency accuracy test we have attempted to do this, and we think that other companies also need to evaluate test cases in this meeting, or at latest for RAN4#92 to decide on suitable signal levels
Proposal 1: Based on agreed side conditions in [1], RAN4 should decide signal and noise levels in NR RRM tests in RAN4#91 or at latest RAN4#92.
While it is true that the agreed side conditions still contain parameters Y1, Y2, Y3, Y4 and Z1, Z2, Z3, Z4, the point is that test conditions can be decided based on these parameters, e.g. it can be agreed whether to test at the side condition, 1dB above the side condition and so on. Since there are many combinations of side conditions for different power classes and F2 bands, an additional table of test conditions may be added in the test cases such as the example in table 1; in this example case we are proposing to test in the side condition for non-peak beam without additional external noise source so the dBm numbers are the same as the side condition, but other test cases may, for example, involve testing at 5dB above the side condition in Annex B.2.2 (table B.2.2-2). Although we have included such tables in the draft intrafrequency SS-RSRP accuracy test case, many test cases may use the same power level settings, so it may be preferable to move the power level setting tables to a single place in 38.133 to improve the maintainability of the specification when new FR2 NR bands are added.
Table 1: Example of additional table showing test condition for different band/power class combinations
	SS-RSRP (dBm/120kHz)

	Band
	Power class 1
	Power class 2
	Power class 3
	Power class 4

	n257
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4

	n258
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4

	n260
	-117.3+Z1
	
	-103.9+Z3
	-113.8+Z4

	n261
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4


Editor’s Note : Z1, Z2, Z3 and Z4 will be replaced with values once final values are settled
Other encouraging areas were progress was made in RAN4#90bis include the decisions on whether rough or fine beams are assumed to be used in most of the tested requirements, and the decisions for the majority of tests on which AoA setup to use. Again, we expect that test cases can now be updated to reflect the latest decisions.
Proposal 2: Based on agreed AoA and rough / fine beam setupsRAN4 should update NR RRM tests to capture the decisions in RAN4#91 or at latest RAN4#92.
TDM setup was also agreed for FR2 2AoA testing when both cells are on the same frequency. In our view this is highly beneficial as a starting point for future RRM testing, since it removes the dependency between antenna gain and spatial interference on SNR. 
	· For two AoA tests, use TDM transmissions between the two angles in Rel-15.
· Add a scheduling parameter to the RMC’s to specify in which slot each AoA can transmit/receive.
· OCNG and SSB will be considered



For SSB, our understanding is that different time indices should be used between the two transmissions to avoid SSB collision, and for OCNG, the interfering cell OCNG needs to be gated off whenever the wanted cell is transmitting,
Rough and fine beam difference Y and Z
Antenna gain difference between rough and fine beam in the peak direction is denoted as Y, and in the non-peak beam direction is denoted as Z. There is a possibly different Y and Z for each power class, denoted as Y1, Y2, Y3, Y4 and Z1, Z2, Z3, Z4. Generally speaking, good conformity between the rough beam pattern and the fine beam pattern is important for the proper operation of the NR system so the decision on suitable values should not just be made considering testability issues. It is not appropriate to allow certain active antenna implementations if they will not perform well in the practical operation of NR.
If there is either a large difference in antenna gain, or a large difference in directional properties when using rough and fine beams, then RRM measurements will become less effective predictors of radio performance if a certain mobility operation is performed. To take an extreme (and hopefully unlikely) example, if a UE had a peak rough beam gain in a direction which was not even within spherical coverage of the fine beam receiver, it would be likely to trigger handovers in conditions where it would go out of coverage as soon as the handover is completed. This is an extreme example to illustrate the point, but it would also not be desirable to have a peak rough beam gain in a direction corresponding to the 50th percentile of the fine beam CDF, since the mobility measurements would then be biased toward the worst gain directions for fine beams which are barely within spherical coverage, while making handover more difficult to trigger for directions which are favorable from a fine beam perspective.
Even if the directional properties of rough and fine beams are somewhat corresponding, absolute gain difference is also of considerable importance. Considering a simple example of SA FR2 operation, edge of NR coverage will be detected by comparing reported L3 SS-RSRP with an absolute threshold. If the UE will be deemed to be going out of coverage if the SS-RSRP goes below this threshold and measurement gaps and an interRAT handover to LTE would most likely be initiated. This could correspond, for instance, to an event B2 report, Serving becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2.  If we imagine that the UE could have remained in coverage from a fine beam perspective for longer, but the issue was a low rough beam antenna gain, it is of course undesirable to do a handover too early to LTE. The gNB should tune the B2 thresholds as much as possible to avoid too early (or worse, too late) handover to LTE but the issue is how to tune the thresholds if there are different UE implementations with different rough/fine beam antenna implementations. Note that this problem does not occur, for example, on an LTE to WCDMA handover because although there are devices with a better or worse LTE antenna implementation, the devices with worse LTE antenna implementation report both lower RSRP and experience worse data reception performance so the correct way to treat them from a network point of view is to assume that they go out of coverage earlier. The new aspect in NR FR2 is that the antenna gain between SS-RSRP measurement (rough beam) and data reception (fine beam) will not be the same.
Considering the proposals from RAN4#90bis, firstly for Y2 it was agreed that Y2=[8]dB. For non-peak beam direction (Z) there was the following discussion and tentative agreement reflected in the discussion of [2], which relates to Z3:
	Option 1: Qualcomm, Ericsson, NTT DOCOMO, KDDI, Verizon, T-Mobile, VDF, Nokia
· Maximum antenna gain difference between refined beams and rough beams for a PC3 UE over the 50%-ile directions in which UE meets spherical coverage is 6dB 
· FR2 RRM side conditions for the 50%-ile spherical coverage will be defined based on a 6dB difference relative to 50%-ile EIS level. 
Option 2: LGE, Intel, Mediatek, Huawei, Apple, Oppo
· Maximum antenna gain difference between refined beams and rough beams for a PC3 UE over the 50%-ile directions in which UE meets spherical coverage is 8dB 
· FR2 RRM side conditions for the 50%-ile spherical coverage will be defined based on a 8dB difference relative to 50%-ile EIS level. 



Due to the likely significant system impact of large gain difference we propose option 1, i.e.
Proposal 3: Maximum antenna gain difference between refined beams and rough beams for a PC3 UE (Z3) over the 50%-ile directions in which UE meets spherical coverage is 6dB 
Further details of UE repositioning and test setups
The way forward for this topic is given in [3]. Omitting the background part, the agreements are shown below. A CR was also agreed to include setup 2a, 2b and 3 in 38.133 annex A.
	Choice of AoA for Setup#2
· Setup#2 will be further split in Setup#2a and Setup#2b
· Setup#2a:
· The AoA should be chosen randomly from the applicable directions (top specified %-ile of spherical EIS) 
· The AoA is fixed between test iterations
· Setup#2b:
· The AoA should be chosen randomly from the applicable directions (top specified %-ile of spherical EIS) 
· The AoA shall be changed for each test iteration
· The details on how to change the AoA will be decided by RAN5
Choice of AoA for Setup#3
· The AoA pair should be chosen randomly from the applicable directions(both directions have to be within the top specified %-ile of spherical EIS)
· The TE should pick the AoAs such that the relative AoA offset is from the set of applicable AoA offsets for the respective power class
· Set of applicable AoA offsets for PC3: 30°, 60°, 90°, 120° and 150°
· The relative AoA offset should be changed for each test iteration 
· Details on how to change the relative AOA offset will be decided by RAN5




Since there are no open items for RAN4 in the way forward and the further issues will be addressed by RAN5, we recommend that RAN4 considers this aspect of the work complete. We provide the agreements for completeness and to clarify the next section.
Outstanding OTA test setups
For most tests, the use of setup 1/2a/2b/3 was agreed in RAN4#90bis. For four tests, it is still controversial
· Intra-frequency RSRP accuracy for FR2  Setup 2b or 1 is considered
· Inter-frequency RSRP accuracy for FR2 Setup 2a or 1 is considered
· EN-DC/SA beam failure detection and recovery and scheduling restriction : Setup 3 or 1 is considered
· EN-DC/SA SSB RLM scheduling restriction and impact on mobility : Setup 3 or 1 is considered

For the SS-RSRP accuracy tests, both setups have pros and cons. Setup 1 is clearly rather unrealistic from a network deployment perspective, but one advantage is that it allows testing at lower side condition (pending agreement on Y and Z, but assuming Y and Z have a similar order of magnitude) as can be seen from the agreed side conditions. Even if Y and Z are substantially different it is likely that lower power levels could be considered in a setup 1 test.
Table B.2.2-2: Conditions for intra-frequency measurements in FR2
	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2, Note 3
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE Power class
	UE Power class
	

	
	
	
	1
	2
	3
	4
	1, 2, 3, 4
	

	Conditions
	Rx Beam Peak
	n257
	-128.3+Y1
	-125.3+Y2
	-112.1
	-127.8+Y4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-128.3+Y1
	-125.3+Y2
	-112.1
	-127.8+Y4
	
	

	
	
	n260
	-125.3+Y1
	
	-109.5
	-125.8+Y4
	
	

	
	
	n261
	-128.3+Y1
	-125.3+Y2
	-112.1
	-127.8+Y4
	
	

	
	Spherical coverage Note 1
	n257
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4
	
	

	
	
	n260
	-117.3+Z1
	
	-103.9+Z3
	-113.8+Z4
	
	

	
	
	n261
	-120.3+Z1
	-114.3+Z2
	-108.2+Z3
	-118.8+Z4
	
	

	Note 1:	Values based on EIS spherical coverage as defined in TS 38.101-2 [19] clause 7.3.4. Side condition applies for directions in which EIS spherical coverage requirement is met.
Note 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.
Note 3:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in TS 38.101-2 [19] clause 6.2.1.



We have observed that the range of testing possible between testing at the lowest possible side condition for setup 2x (non-peak beam direction) and reaching -50dBm Io (the highest possible power level) is quite small, such that there is not really a possibility of a 3rd test point targeted at testing around -70dBm Io. Testing in peak beam direction allows going to lower SSB-RP levels, but as indicated is a bit of an unrealistic setup. Another important aspect is that the ideal RSRP is based on an allowable antenna gain range, and the allowable antenna gain range is smaller in the peak beam direction, which points towards a benefit of using setup 1.
One compromise would be to perform one of the tests (intra or inter) using setup 1 and the other using setup 2a or 2b as appropriate. Since it would be more interesting to use setup 2b, and repositioning delay has been discussed in RAN4#90bis not to be a significant issue we propose
Proposal 4: Intra-frequency RSRP accuracy for FR2 uses OTA setup 2b
Proposal 5: Inter-frequency RSRP accuracy for FR2 uses OTA setup 1
For beam management tests our preference is the same as expressed in RAN4#90bis, i.e. setup 3
Proposal 6: EN-DC/SA beam failure detection and recovery and scheduling restriction uses OTA setup 3
Proposal 7 : EN-DC/SA SSB RLM scheduling restriction and impact on mobility uses OTA setup 3

Ideal RSRP
We have a dedicated contribution for this topic in [4], which contains proposals shown in table 2
Table 2 : Ideal RSRP proposals from [4]
	Proposal 1 : Maximum antenna gain for rough beams is assumed to be 17dBi
Proposal 2 : Minimum antenna gain for rough beams in fine beam peak direction is 7-YdBi
Proposal 3: Minimum antenna gain for rough beams in non- peak direction is -5-ZdBi
Proposal 4: Each requirement (absolute, relative between cells, relative between time phases) is tested independently in the accuracy test




Noise in SS-RSRP accuracy test
In the discussion on noise emulation mode 1/2 it was agreed
	Agreement: 
· The external noise is generated for the test cases except for RSRP accuracy tests which needs more discussion
For RSRP accuracy test, 
· Option 1: for low input level, no external noise is generated; for the high input level, the external noise is generated.
· Option 2: The external noise is generated for all the input levels.



Based on our analysis of the intrafrequency test case, an Noc level of -92dBm/15kHz (-82.97dBm/120kHz) already gives an Io level very close to -50dBm/95.04MHz. If we assume power class 3, and that setup 2b is used, n260 band (worst case) and Z3=6dB, the corresponding side condition gives Io= SS-RSRP+28.98 = -103.9+6 =-68.92dBm/95.04MHz. For this reason it is already not feasible to test at the -70dBm Io breakpoint in side conditions. If we further assume that externally generated noise has to be significantly above the UE noise floor to perform the test with a controlled baseband SINR, the low input level and high input level tests will become quite close to each other. For instance, we may end up testing at -58dBm/95.04MHz for the low input level test and -50.97dBm/95.04MHz for the high input level test, if we want the added Noc to be 10dB above the assumed UE internal noise floor in the low input level test. Then one can ask the purpose of having test points which are, at any rate, quite close to each other. For this reason, we propose that option 1 is agreed.
Proposal 8: In the SS-RSRP accuracy tests for low input level, no external noise is generated; for the high input level, the external noise is generated.
Conclusions
We analyze some remaining open issues in OTA test setups and propose:
Proposal 1: Based on agreed side conditions in [1], RAN4 should decide signal and noise levels in NR RRM tests in RAN4#91 or at latest RAN4#92.
Proposal 2: Based on agreed AoA and rough / fine beam setupsRAN4 should update NR RRM tests to capture the decisions in RAN4#91 or at latest RAN4#92.
Proposal 3: Maximum antenna gain difference between refined beams and rough beams for a PC3 UE (Z3) over the 50%-ile directions in which UE meets spherical coverage is 6dB 
Proposal 4: Intra-frequency RSRP accuracy for FR2 uses OTA setup 2b
Proposal 5: Inter-frequency RSRP accuracy for FR2 uses OTA setup 1
Proposal 6: EN-DC/SA beam failure detection and recovery and scheduling restriction uses OTA setup 3
Proposal 7 : EN-DC/SA SSB RLM scheduling restriction and impact on mobility uses OTA setup 3
Proposal 8: In the SS-RSRP accuracy tests for low input level, no external noise is generated; for the high input level, the external noise is generated.
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