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1. Introduction
A new work item on NR frequency range 2 (FR2) multi-Rx chain DL reception was agreed in [1] and revised in [2] with the following objective:  
· Introduce necessary requirement(s) for enhanced FR2 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs

In this contribution, we further consider the approach in [3] for defining spherical coverage and consider whether the method is feasible.  
2. Spherical Coverage with Simultaneous Reception
For spherical coverage reception from multiple AOA’s simultaneously, the EIS requirements for a pair of angles of arrival  and  can be specified for each AOA individually or in terms of the combined EIS.  For simultaneous reception from the pair of angles , let


denote the EIS for the first and second angles of arrival.  Note that these values may be larger than for non-simultaneous reception due to imperfect isolation between the receive beams so that the signal transmitted from  may interfere with the signal received from .
For the case in which the EIS requirements are specified for each AOA individually, let  denote the set of AOA pairs  for which both  and  are less than  so that

Conversely, let  denote the set of AOA pairs  for which the sum of  and  is less than  so that

Additionally, let the indicator functions  and  be defined as
    and
 
respectively.
If it is assumed that the directions  and  are chosen randomly, then the complementary cumulative distribution function for simultaneous reception can be expressed as in [3] (a slight modification in which the two AOA’s are allowed to be the same)

in the case that the EIS requirement is applied per AOA, and

in the case that the EIS requirement is applied to the sum. Here  reflects the area of the unit sphere corresponding to  with the property that

It can be noted that the number of measurements required to evaluate (1) and (2) is given by N2+N/2. Because such a large number of measurements is infeasible, methods for reducing the complexity should be considered.
3. Complexity Reduction
There are several methods that can be considered to reduce the number of measurements required to evaluate spherical coverage as in (1) and (2) and these can be categorized as the following:
i) Use the single AOA EIS measurements to limit the pairs of angles  for which measurements are required.
ii) Reduce the granularity of the spherical grid  by a factor of K.
iii) Enhance the single AOA EIS measurements to identify hardware constraints limiting simultaneous reception.
Use of Single AOA EIS Measurements
We consider the case that the single Rx chain EIS spherical coverage measurements are taken prior to the multiple Rx chain measurements so that the values

are known.  Furthermore, we consider the case that the purpose of the measurement is not to evaluate complementary cumulative distribution of the multi-Rx multi-AOA EIS.  Instead, we consider the case that the purpose of the measurement is to determine if the spherical coverage requirement is met once a requirement has been set. Assume that the multi-Rx multi-DL spherical coverage requirement has been defined as

When verifying the multi-Rx spherical coverage requirement, it is not necessary to take measurements for a pair of angles  and  unless both
.
Let  be chosen from the single Rx complementary cumulative distribution function so that

It then follows that that only  angles satisfy the requirement that

and there are only  pairs of the angles with the property that

If  corresponds to the 50% percentile of the single Rx cumulative distribution function, then there are only N2/4 pairs of angles to consider, and by symmetry the number of measurements needed to verify the multi-Rx multi-DL performance as in (1) and (2) is only N2/8.
Observation 1:	Let  be chosen from the single Rx complementary cumulative distribution function such that

If pairs  are limited to the set for which 

then the number of measurements required to measure multi-Rx spherical coverage as in (1) and (2) is .  If , then the required number of measurements is reduced by a factor of 4 to .
Proposal 1:  	Use the single Rx EIS measurements to limit the set of AOA pairs for which multi-Rx multi-AOA measurements are required.  In particular, a multi-Rx multi-AOA measurement is not required for a pair of angles  unless

Reduced Granularity Spherical Grid
Another method for reducing complexity for multi-Rx measurement is to reduce the granularity of the spherical grid that used for single-Rx measurements. This may result in a significant reduction in measurement time with only a slight loss of accuracy.
If the granularity of the spherical grid  is reduced by a factor of K, then the number of measurements required to evaluate (1) and (2) is reduced by a factor of  to .
Observation 2:	If the granularity of the spherical grid is reduced by a factor of K, the number of measurements required to evaluate spherical coverage as in (1) and (2) is reduced by a factor of .
Proposal 2:  	When evaluating multi-Rx spherical coverage, reduce the granularity of the spherical grid by a factor  to reduce the required number of measurements by .
Use of Known Hardware Limitations
If known to the test equipment, hardware limitations within the UE may further limit the number pairs of angles  for which EIS measurements are required.  To begin, consider the following possible definition of an antenna module.
antenna module:	An RF chain and baseband processor associated with a set of antennas which can only be configured to receive from one beam at a time (two polarizations).
With this definition, it follows that unless the two AOA’s fall within the same beam, two antenna modules are required for simultaneous reception.
We now consider an example in which the UE has two antenna panels with non-overlapping coverage.  Let  and  denote the fractions of the unit sphere covered by the first and second antenna panels, respectively, where .   If each antenna panel only has a single antenna module, then it follows that the UE cannot receive from two AOA’s that fall within the coverage of the same antenna panel. With this restriction, the number of pairs of AOA’s that must be considered is reduced by a factor of

so that the complexity reduction for this example is always greater than or equal to 2.
Alternatively, for some devices, the coverage of the antenna panels may have significant overlap. In this case, even if there is only one antenna module per panel, it may still be possible to receive simultaneously from two AOA’s that fall within the coverage of a single antenna panel if one of the AOA’s falls within the overlap region.  For the AOA that falls within the overlap region, the UE can select the antenna module which is different from the antenna module that is used for the AOA not in the coverage overlap region.
Observation 3:	Hardware limitations, if known, can significantly reduce the number of measurements required to evaluate spherical coverage as in (1) and (2). For the example above, the required number of measurements is reduced by a factor of at least 2.
Proposal 3:  	When evaluating multi-Rx spherical coverage, do not configure a multi-Rx multi-AOA measurement for a pair of angles  if there is a hardware constraint such that the same antenna module must be used for both  and.
To enable the test equipment to learn the hardware limitations of the device, it would be necessary to enhance the single Rx EIS measurements to extract the following additional information. 
i) For each AOA, the number of antenna modules that can be used to receive the test signal.
ii) For each AOA, the identities (a number) of the antenna module that can be used to receive the test signal.
iii) For each AOA, the EIS for each antenna module that can be used to receive the test signal.
With this additional information, the test equipment can determine when it is not necessary to take measurements for a pair of angles  and  because either
i) The same antenna module is used for both AOA’s, or if
ii) There is a second antenna module available for one of the AOA’s, but the EIS is below a threshold.
Based on Observation 3, we propose the following enhancements for the single Rx EIS measurements.
Proposal 4:  	The UE assigns numbers to identify each of the antenna modules in the UE and reports the identity of the antenna module used when EIS is measured during single-Rx single-AOA measurements.
Proposal 5:  	During single-Rx single-AOA measurements, the EIS is measured for each of the antenna modules capable of receiving the signal from a particular AOA.
4. Summary
In this contribution, we have considered several methods for reducing the complexity of multi-Rx multi-AOA spherical coverage evaluation.  When combined these methods can reduce the number of required measurements by a factor of at least 32 from  to . If the test equipment is aware of hardware limitations within the UE, the number of measurements can be reduced by another factor of 2.
Based on the above discussion, we have the following proposals.
Proposal 1:  	Use the single Rx EIS measurements to limit the set of AOA pairs for which multi-Rx multi-AOA measurements are required.  In particular, a multi-Rx multi-AOA measurement is not required for a pair of angles  unless

Proposal 2:  	When evaluating multi-Rx spherical coverage, reduce the granularity of the spherical grid by a factor  to reduce the required number of measurements by .
Proposal 3:  	When evaluating multi-Rx spherical coverage, do not configure a multi-Rx multi-AOA measurement for a pair of angles  if there is a hardware constraint such that the same antenna module must be used for both  and.
Proposal 4:  	The UE assigns numbers to identify each of the antenna modules in the UE and reports the identity of the antenna module used when EIS is measured during single-Rx single-AOA measurements.
Proposal 5:  	During single-Rx single-AOA measurements, the EIS is measured for each of the antenna modules capable of receiving the signal from a particular AOA.
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