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1. Introduction
In FR2, the restriction to test receiver performance exclusively OTA required new definitions, and new methods to measure performance parameters. Now that rel.15 has achieve some degree of stability, we can collect our thoughts on the various receive parameters, and clarify the wording in TS38.101-2 relating to these parameters. In addition, we propose removal of [] from the EIS spherical coverage section of the specification.
2. Discussion

The primary parameter relating to receiver performance is reference sensitivity (REFSENS). A historical perspective of agreements is useful to confirm what exactly was the parameter used to quantify sensitivity performance. 
Receiver Architecture for REFSENS
To achieve consensus on receiver performance, there was agreement first on receiver architecture in FR2 [1]
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Observation 1: FR2 UE architecture assumed MRC diversity (rank1 with two receivers) for REFSENS
DL signal for REFSENS
In [2] it was agreed that that REFSENS is determined from a case where DL power was applied in a single (linear) polarization.
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Observation 2: For FR2 REFSENS, DL signal is assumed to be linearly polarized. 
REFSENS Definition 

Several companies made contributions towards determining REFSENS. [3] contains a convenient summary of the contributions. In [3] it was also agreed that that REFSENS is determined as ‘beam peak EIS’.
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Further, tables in agreed WF [3] shed light on what was meant by ‘beam peak EIS’, captured in the tables as ‘Sensitivity EIS’. The table of values for 28GHz is reproduced below:
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The agreed REFSENS calculation methodology depended on ‘array gain’ (dBi). Higher the gain, lower the sensitivity value could be. The implication is that the quantity ‘REFSENS’ was defined at a reference plane prior to the UE’s receiving antenna array. Further, because of the dependency of REFSENS on antenna gain, REFSENS was equivalent to the power captured by an isotropic antenna at the UE’s location.  This notional 0dBi reference antenna could either be single pol, and aligned with the DL polarization, or dual pol.

Observation 3: The use of array gain in the budget tables implied that the reference DL power for REFSENS would be the total power captured by an isotropic antenna (0dBi) placed at the UE’s location. 

Note that there is no restriction on polarization direction of the DL signal, relative to the UE’s polarization axes. The use of 0dB for ‘Diversity Gain’ in the agreed methodology was justified in [4] as:

 ‘Notice that since the dual polarized receive paths are used for diversity maximum ratio combining (MRC), there would be no diversity gain as the signal level picked up by each receive path is a vector projection of the total signal power [7] to its polarized direction. After MRC, the diversity gain is effectively offset to zero.’
Observation 4: REFSENS was agreed to be calculated with 0dB Diversity Gain, which implied that the twin receivers of the UE would be arranged to provide polarization diversity, followed by MRC.
The target SNR was assumed to be -1dB, commensurate with QPSK1/3. The bandwidth was assumed to be 50MHz.
Observation 5: REFSENS was derived as the total power collected by an idealized 0dBi antenna when immersed in a field consisting of a linearly polarized 50MHz wide QPSK 1/3 rank1 DL signal that causes the UE to run in threshold condition.
So, What is EIS?

In TS38.101-2, sub-section 7.3.1, EIS is introduced into the proceedings thusly:

‘REFSENS is defined as the EIS level at the centre of the quiet zone in the RX beam peak direction, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel’. 

Unfortunately, the standard does not define what EIS is, in context of FR2 REFSENS. 
Note that EIS as defined by standards pertaining to earlier technologies (example: TS36.101) were geared towards testing devices with accessible antenna connectors. Consequently, EIS for earlier technologies, like LTE, was defined as the power collected by an isotropic antenna in a uniform scattered field of random polarization [5]. It is easy to see that this definition of EIS is not relevant to FR2 REFSENS, as developed in subsections above.
On the back of observations 1-5, and the contents of subsection 7.3.1 of TS38.101-2, we can conclude that, in an FR2 context, EIS is the total power collected by an idealized 0dBi antenna when immersed in a linearly polarized DL field that causes the UE to run in some specified throughput threshold condition. We propose to include this clarification in the standard.
Proposal 1: TS38.101-2 shall include clarification on EIS as shown below:
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EIS Metric for FR2
In FR2, section 7.2 of TS38.101-2 advises that ‘The minimum requirements on effective isotropic sensitivity (EIS) apply to two measurements, corresponding to DL signals in orthogonal polarizations.’. In TR38.810, these measurements are referred to as EIS and EIS. Each of these measurements assumes the UE uses its twin receivers arranged to provide polarization diversity, per observations 1-5.

It follows that the metric defined in [6] is indeed appropriate, as an average of two separate EIS readings. 
From [6]:
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Observation 6: For FR2 UEs, the EIS metric agreed in [5] as an average of two separate EIS readings is consistent with the definition of REFSENS.
EIS Spherical Coverage

EIS spherical coverage is intended to capture sensitivity performance of the UE in all link angles. Like EIRP spherical coverage requirements relate to peak EIRP requirement, spherical coverage EIS relates to peak EIS principally by antenna array coverage pattern. The current version of TS38.101-2 captures this relation tentatively [ ].

Some companies have argued that a UE can have co-located noise sources that can impact sensitivity performance in FR2 bands. In the absence of data, or an understanding that these mechanisms are unavoidable, we propose removal of [] from subsection 7.3.4 (EIS Spherical Coverage)
Proposal 2: Remove [ ] around EIS spherical coverage requirements from sub section 7.3.4 of TS38.101-2 v15.4
REFSENS for CA

In FR2, for rel. 15, DL CA can be contiguous or non-contiguous, but UL CA is restricted to contiguous configurations. The relaxation extended to DL CA cases in TS38.101-2 are listed in section 7.3A. The table heading ‘aggregated channel bandwidth’, however is not defined for non-contiguous CA. A similar situation was addressed while defining MPR for ULCA in section 6.2A.2.1 of TS38.101-2, by defining the ‘cumulative aggregated channel bandwidth’ as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs. We propose that this clarification be included in the DL CA REFSENS section
Proposal 3: Change CA REFSENS table 7.3A.2.1-1 to insert ‘Cumulative’ in heading, to be consistent with definition in subsection 6.2A.2
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3. Conclusion
We traced the development of the REFSENS requirement in RAN4 for FR2 UEs. The final REFSENS requirement was captured in Obs 5.
Observation 5: REFSENS was derived as the total power collected by an idealized 0dBi antenna when immersed in a field consisting of a linearly polarized 50MHz wide QPSK 1/3 rank1 DL signal that causes the UE to run in threshold condition.

We proposed that the definition of EIS, a parameter that has a very specific meaning in FR2, be included in TS38101-2 
Proposal1: (Insert clarification: ) The Effective Isotropic Sensitivity (EIS) is defined as the total power collected by an idealized 0dBi antenna when immersed in a linearly polarized DL signal field that causes the UE to experience a specified throughput condition.
We observed that the EIS metric as an average of two separate EIS measurements is consistent with the RAN4 understanding of REFSENS
Observation 6: For FR2 UEs, the EIS metric agreed in [5] as an average of two separate EIS readings is consistent with the definition of REFSENS.

Towards completion of this aspect of the specification, we proposed 

Proposal 2: Remove [ ] around EIS spherical coverage requirements from sub section 7.3.4 of TS38.101-2 v15.4
Finally, we propose to align terminology used for CA REFSENS with other subsections in the specification
Proposal 3: Change CA REFSENS table 7.3A.2.1-1 to insert ‘Cumulative’ in heading, to be consistent with definition in subsection 6.2A.2

The changes are captured in a draft CR [7]
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In Rel-15 UE in the 28GHz mmWave range NR


REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).


FFS whether this apply to all directions.


UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 


FFS whether this apply to all directions.


RF architecture support for higher order DL layers is optional.











Proposal 1: For REFSENS test cases, apply the power levels at the centre of the quiet zone using just a single polarization at a time.











In RAN4 #85, FR2 REFSENS definition was discussed. Overall, there is agreement on using beam peak EIS for definition, but alignment on some parameters used in the sensitivity equation is needed


There was significant variation in the reported diversity gain values


Using a table with greater granularity on loss terms included in the total Implementation Loss will help companies agree on a value
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7.1	General


Unless otherwise stated, the receiver characteristics are specified over the air (OTA). The reference receive sensitivity (REFSENS) is defined assuming a 0 dBi reference antenna located at the center of the quiet zone. The Effective Isotropic Sensitivity (EIS) is defined as the total power collected by an idealized 0dBi antenna when immersed in a linearly polarized DL signal field that causes the UE to experience a specified throughput condition.











The EIS metric for FR2 ‘EISFR2’ shall be:


EISFR2() = 2*[1/EIS() +1/EIS()]-1











Table 7.3A.2.1-1: ΔRIB EIS Relaxation for CA operation by cumulative aggregated channel bandwidth


Cumulative Aggregated Channel BW ‘BWChannel_CA’ (MHz)�
ΔRIB (dB)�
�
BWChannel_CA ≤ 800�
0.0�
�
800< BWChannel_CA ≤ 1200�
0.5�
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