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Introduction
In RAN4#105, the test methods for RF/RRM/Demodulation for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on the test method for UE RF/RRM/Demodulation. 
Test method for UE RF
AoA separation options
The requirements typically drive what evaluation options a TE should include. We summarize our view from a companion contribution on UE requirements [2].

From a deployment perspective: The distribution of AoA separations can vary significantly based on deployment scenarios. For example, inside an urban canyon, one may expect situations where narrow AoAs or extremely wide AoAs are possible. In a reflective clutter rich environment, this expectation is no longer valid. It would be reasonable to leave the targeted scenario to the UE implementation. 

From a UE perspective: Our preliminary analysis on UEs of various architectures [2] suggest that the following AoA separations are relevant for PC3 UEs: 60⁰, 90⁰, 120⁰ and 150⁰. The 180⁰ separation case at first seems like an important data point for UEs with modules on opposite faces, but our analysis suggests that similar performance is achieved at 150⁰ AoA separation. We have also analyzed an FWA (PC1) device as a measure of futureproofing. Due to its relatively narrow cone of coverage and highly directional beams, a typical implementation may be optimized for 30⁰ AoA separation. 

Proposal 1: RAN4 to consider including the following relative angular AoA separations: 30°, 60°, 90°, 120° and 150°.
2TRP scan quality
Background
In a companion contribution [2], we identified that the 2TRP scan is not a simple extension of the legacy scan. We also demonstrated that bias can be introduced into the post-processed result if the scan does not possess certain attributes. These attributes can be listed as:
1. After completion of the scan, each TRP should have traversed the entire surface of the sphere. Preferably:
a. Both TRPs share the same grid from the UE’s perspective 
b. The shared UE-perspective grid is a constant step-size grid
c. Both TRPs would feature identical repetition statistics across the grid
2. After completion of the scan, each grid point should include a symmetric set of AoA pairs (example: each AoA of each TRP is paired with 2 other symmetrically located AoAs associated with the other TRP).
Fortunately, a scan strategy that satisfies required attribute #1 and associated preferred characteristics exists even with the agreed test setup restrictions [1]. We shared the 2TRP grids resulting from such a scan strategy in [2]. Further, we showed that to satisfy required attribute #2, the 2TRP scan must be repeated with the positions of the TRPs interchanged relative to the first spherical scan. This complementary pair scanning ensures that UE gets tested fairly, without presuming certain implementation behaviour.
Due to the complex nature of 2TRP grids, it would not be meaningful to compare UE performance projections or indeed measured performance unless there is common understanding on how the data is collected and combined. This led us to propose in the companion contribution:
Proposal made in [2]: RAN4 to establish the 2TRP scan method prior to the requirements derivation process.
In the subsections below, we focus on how a TE may implement the 2TRP scan.
Second source location 
Consider a TE system that uses a turn-table mounted roll-motor to position the UE [3]. For such a system it was shown that if a second source is introduced in the ‘horizontal/xz plane’ or more precisely, in the plane containing the legacy source and perpendicular to the turn-table axis, the AoAs adopted by the second source from the UE’s perspective coincides with the grid of AoAs adopted by the legacy source. This observation applies for a LL (constant step size) grid and when the AoA separation is an integer multiple of the turn-table angular step. This characteristic can be generalized to other types of 2D UE positioners.
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Figure 2.2.2-1: Example 2D UE positioner and source locations for both TRPs to fall on the same grid from the UE’s perspective [10]
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Proposal 1: Additional sources in the TE shall be located so both TRPs manifest on the same constant step size AoA grid from the UE’s perspective when using constant step-size scan.
Turn-table and Roll motion
In the example system, a legacy scan is typically performed hemisphere by hemisphere on the UE. For each hemisphere, the turn-table is moved 90⁰, and the roll-motor is moved 360⁰. This scan works well in terms spherical coverage of a source in the legacy position, but it leaves the sphere incompletely covered for a second source. Figure 2.2.3-1 graphically describes the coverage. The TRP locations from the UE’s perspective are represented by blue dots, while the location of the pair AoA associated with the other TRP is indicated by the red segment.
Figure 2.2.3-1: TRP spherical coverage with 90 turntable motion per hemisphere
TRP in displaced location
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Observation 1: The legacy single TRP scan does not cover the test sphere completely with a TRP that is not in the legacy location.
The shortcoming of incomplete spherical coverage of the TRP in the non-legacy location is easily fixed with a modified scan strategy, which is to move the turn table 180⁰ per hemisphere (compared to 90⁰ in the legacy case). The roll motor motion can be reduced to 180⁰ from 360⁰ while retaining complete hemispherical coverage. Figure 2.2.3-2 shows the distribution of source locations from the UE’s perspective resulting from this scan strategy.TRP in displaced location
TRP in legacy location
Figure 2.2.3-2: TRP spherical coverage with 180⁰ turntable motion per hemisphere

The 2TRP grids share in [2] have been generated using this strategy.
Proposal 2: The TE scan strategy shall be modified to ensure 180⁰ azimuth motion per scanned hemisphere.
Note however that each location for each TRP only shows one paired AoA (only one red segment). See figure 2.2.3-3.

Blue dots are grid point locations of a TRP during the scan, from the UE’s perspective. TRP1 to the left, TRP2 to the right
For each grid point location of one TRP, the companion AoA associated with the other TRP is along the direction indicated by the red segments. 
Obs. 2: The paired AoAs point in opposite directions for the same region of the test sphere for the 2 TRPs
Obs. 1: For each TRP, each AoA has only one paired AoA associated with the other TRP (just one red segment is attached to each grid point)

Figure 2.2.3-3:
Missing AoA pairs in the 2TRP scan 

Observation 2: The basic 2TRP scan features AoAs that are only paired with companion AoAs in one direction but not the other. Moreover, the direction of this pairing changes in different parts of the sphere.

This points to missing AoA pairs from the list of AoA pairs which have been shown to impact postprocessed data owing to incompleteness [2]. Fortunately, for this scan, the omission of test AoA pairs is complementary across the two TRPs. In other words, if the locations of TRP1 and TRP2 are interchanged and the scan repeated (i.e complementary scan), the missing AoA pairs get tested and none of the previously tested AoA pairs gets re-tested. The combined data set from both scans has neither omitted AoA pairs, nor repeated pairs. The impact of performing this complementary scan on the 2TRP grid is shown in figure 2.2.3-4. Crucially, the grids associated with both TRPs have identical paired-AoA statistics in addition to sharing the basic grid.

Figure 2.2.3-4: Complementary pair version of 2TRP scan
Obs. 1: After complementary pair scan, for each TRP, each AoA has two paired AoAs associated with the other TRP (note 2 red segments attached to each grid point)
Grid and pair AoA patterns look identical for both TRPs for the complementary pair version of the 2TRP scan

Observation 3: A complementary pair 2TRP scan ensures that:
1. From the UE’s perspective, both TRPs manifest on the same constant step size grid 
2. Each non-pole grid point is traversed exactly twice for each TRP (once for each of two paired AoAs)
3. Each TRP covers the entire test sphere exactly twice after the complementary scan
4. The TRPs are separated by some static AoA separation
5. No missing AoA pairs (under the constraint of the test system)
6. No duplicate AoA test pairs

We show in [2] that there is no valid shortcut to performing the second scan. Specifically, we investigated combining TRP1 and TRP2 data into a common pool to avoid the second complementary scan, but identified UE implementations where the procedure is not valid.

Other scans, for example based on uniform density grids may be possible, but the AoA statistics of each TRP, debiasing strategy and suitability to implement must be evaluated.
Combining performance data for repeated grid points
A reasonable expectation is that the requirement will be either sensitivity based, or based on some spatial combining of binary outcomes (go/nogo test). Either way, a complete scan will involve at least two repetitions per grid point for each source as determined in prior subsections. Before post-processing to determine spatial statistics, data from these repeated grid points must be combined and de-weighted. If Proposal 1 and 2 are adopted, the de-weighting process can borrow directly from legacy practice. The combination aspect however needs further discussion.

For combining multiple binary outcomes at the same grid point for any source, we propose OR combining. A numerical mean of binary outcomes may not be valuable over a small sample space (as few as 2 samples). AND combining is also procedurally possible, but our experience suggests that it is too pessimistic to the point of obscuring performance.

For combining sensitivity values, we proposed extending legacy averaging technique, which is to use the harmonic mean in the mW domain

Proposal 3: RAN4 to consider OR combining to resolve multiple binary outcomes at the same point and harmonic mean in the mW domain to resolve multiple sensitivity outcomes at the same point.
Other benefits of the 2 TRP scan strategy
If the TE adopts Proposal 1and 2, i.e., same grid for both TRPs and turn-table or azimuth motion of 180⁰ per hemisphere, the system becomes rotationally symmetric about the azimuth axis. The implication is that for a pair of TRPs with some angular separation, the UE’s measured performance will not depend on the absolute location of the sources, only their relative locations. This further means that blockage by the positioner mechanism is not a problem, because the sources can always be positioned so the 180⁰ azimuth motion does not interfere with LOS with the sources.

Observation 4: if Proposal 1 and 2 are adopted, the system becomes rotational symmetric about the azimuth axis and blockage by the positioner mechanism is not a problem.
Test functions
The UBF test functionality is not used for legacy DL performance measurement. This principle can be adopted for the 2TRP DL feature too

Proposal 4: No need to define additional test function to implement beam lock.
DL polarizations for the UE RF requirement
There are 4 possible DL polarization combinations and the choice of verification with 1, or some average of 2 or 4 combinations can be left to RAN5. 
Proposal 5: RAN5 to choose which combination(s) of DL polarization per TRP to test for compliance verification.

Test method for UE RRM
Measurement setup
Option 2a, i.e., fixed AoA separation was agreed as the baseline method for UE RF testing in [1]. For RRM testing, it is reasonable to reuse the UE RF test setup for UE RRM test as the starting point.
As discussed in previous RAN4 meetings, as shown in Figure 3.1-1, it is assumed two different AoAs (one pair of AoA) are simultaneously transmitting. Two-pair AoAs are transmitting with TDM manner. Whether the relative angles between the 4 AoAs need change between two iterations depends on the requirements discussion in RRM session. 
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Figure 3.1-1: Measurement setup for UE RRM testing
With above, we have the following proposal:
Proposal 6: Take measurement setup of UE RF as the starting point for UE RRM testing. The angular separation definition should consider the progress of core requirements in RRM session.
Test parameters
In legacy RRM measurement setup (2AoAs), TDM (Case 1) and simultaneous transmission (Case 2) were specified in [4]. But there was no conclusion on the feasibility of generating the testable side conditions made for Case 2. The main issue was the interference from the other AoA is not easily controlled due to lack of information of antenna gain which depends on the UE implementation. The details of calculation can be found in Annex H of [4]. For UE RRM testing with multi-Rx, there are two scenarios as below:
For multi-DCI scheme: the interference between AoA1 and AoA2 could not be ignored. The baseband SNR/SINR control for Mode 1 (fixed SNR emulation) and Mode 2 (noise-free emulation) is similar as legacy 2AoAs RRM test method:
· Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.
[image: ]
· Mode 2 (noise-free transmission): Test system transmits only useful signals (S).

Where S1 and S2 are signal level for probe 1 and probe 2 respectively. G1 and G2 are the antenna gain for probe 1 and probe 2 respectively. The lower bound and upper bound of SINR can be estimated based on the range G1/G2.
For single DCI scheme: the interference between AoA1 and AoA2 could be removed with the help of joint decoding. The baseband SINR for AoA1 and AoA2 can be calculated with the assumption of there is no interference between AoA1 and AoA2.
Therefore, RAN4 needs to investigate on how to control the SNR/SINR for the multi-DCI scheme.
Proposal 7: RAN4 to investigate on how to control the SINR for multi-DCI scheme. 


Test method for UE Demodulation
Measurement setup
Similar as UE RF testing, there are two AoAs transmitting simultaneously during the UE demodulation testing. The difference would be that in UE demodulation testing, both signal and artificial noise would transmit from the test equipment. Therefore, the baseline setup for UE demodulation can be reused from measurement setup for UE RF testing.
Proposal 8: Take measurement setup of UE RF as the starting point for UE demodulation testing. 
Test parameters and test directions
As agreed in [1], Test directions from 2AoA should meet the minimum isolation between all active branches. FFS on other side condition, e.g., testable SNR per branch.
For the mode of fixed SNR emulation, we could use the same approach of SNR controlling as legacy UE demodulation testing for each branch in case the minimum isolation between all active branches is guaranteed. It says we need to set wanted noise to give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE requirements, so SNRRP = SNRBB + 1dB.
In legacy demodulation testing, the Noc value is calculated based on legacy REFSENS as below:
Noc = RESFENSPC3, n260, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
where: ∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal = 6dB, giving a rise in total noise of 1dB. That means the selected test direction(s) should pass the legacy REFSENS requirements. 
We compare three options on how to select test directions:
· Option 1: UE needs to pass legacy REFSENSE requirements per branch
· Option 2: UE needs to pass legacy EIS spherical coverage requirements per branch
· Option 3: UE needs to pass legacy REFSENSE requirements with XdB degradation per branch
The pros and cons for the three options are lists in Table 4.2-1:
Table 4.2-1: Pros and Cons for the options on how test directions selection
	
	Pros
	Cons

	Option 1
	High testable SNR, e.g., 17.7 for n260
	Might not be able to find test directions for two AoAs with the condition of passing REFSENSE and achieving min. isolation between all active branches

	Option 2
	Test directions can be selected in the spherical coverage map.
	Very low testable SNR, e.g., 5.1dB for n260

	Option 3
	Compromise between Option 1 and Option 2. It is easier to find the test directions for two AoAs with an appropriate testable SNR, e.g., ~17.7-XdB
	



Proposal 9: RAN4 to consider Option 3 as the starting point to select the test directions for UE demodulation testing.
Conclusions
In this paper, we discuss the test methods for UE RF, RRM and demodulation for multi-Rx UE. The following observations and proposals are made:
Proposal 1: Additional sources in the TE shall be located so both TRPs manifest on the same constant step size AoA grid from the UE’s perspective when using constant step-size scan.
Observation 1: The legacy single TRP scan does not cover the test sphere completely with a TRP that is not in the legacy location.
Proposal 2: The TE scan strategy shall be modified to ensure 180⁰ azimuth motion per scanned hemisphere.
Observation 2: The basic 2TRP scan features AoAs that are only paired with companion AoAs in one direction but not the other. Moreover, the direction of this pairing changes in different parts of the sphere.

Observation 3: A complementary pair 2TRP scan ensures that:
1. From the UE’s perspective, both TRPs manifest on the same constant step size grid 
2. Each non-pole grid point is traversed exactly twice for each TRP (once for each of two paired AoAs)
3. Each TRP covers the entire test sphere exactly twice after the complementary scan
4. The TRPs are separated by some static AoA separation
5. No missing AoA pairs (under the constraint of the test system)
6. No duplicate AoA test pairs

Proposal 3: RAN4 to consider OR combining to resolve multiple binary outcomes at the same point and harmonic mean in the mW domain to resolve multiple sensitivity outcomes at the same point.

Observation 4: if Proposal 1 and 2 are adopted, the system becomes rotational symmetric about the azimuth axis and blockage by the positioner mechanism is not a problem.
Proposal 4: No need to define additional test function to implement beam lock.

Proposal 5: RAN5 to choose which combination(s) of DL polarization per TRP to test for compliance verification.
Proposal 6: Take measurement setup of UE RF as the starting point for UE RRM testing. The angular separation definition should consider the progress of core requirements in RRM session.
Proposal 7: RAN4 to investigate on how to control the SINR for multi-DCI scheme. 
Proposal 8: Take measurement setup of UE RF as the starting point for UE demodulation testing.
Proposal 9: RAN4 to consider Option 3 as the starting point to select the test directions for UE demodulation testing.
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TRP2 locations relative to TRP1 (after complementary sweeps)
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TRP2 locations relative to TRP1 (after complementary sweeps)
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