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1. Introduction
Sensitivity requirements in FR2 UEs could not be built on LTE or FR1 practice, owing to OTA test restriction unique to FR2. We traced the development of FR2-specific test conditions and requirements for receive sensitivity in RAN4 in [1]. In this contribution we first acknowledge the specific agreements in test condition assumptions for sensitivity. We then identify that the RAN4 usage of the term ‘EIS’ is inconsistent with its connotation in prior technologies, and further, propose to insert the missing clarifying definition in the standard.
2. Discussion

We begin by discussing the assumptions surrounding FR2 Sensitivity.

FR2 Sensitivity Assumptions

The reference architecture for FR2 UE receivers was put in place through agreements of [2] and [4]. Details are explained in [1].
Observation 1: FR2 UE receive architecture assumes MRC diversity (rank1 with two receivers arranged to provide polarization diversity) for REFSENS. 
In [3] it was agreed that for FR2 UEs, reference sensitivity (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. 
This observation is worth noting, because it has ramifications in testing methodology. There may also have been confusion among some companies who believe that the DL polarization condition for REFSENS has not been established. For this reason, we believe the polarization aspect for DL signal must be clarified in the specification.
Proposal 1: DL signal polarization shall be clarified to be linear, for sensitivity requirements, in TS18.101-2.
FR2: 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’. 

But, what is EIS?? TS38.101-2 itself has no definition of EIS.
Now, EIS has been used in prior technologies like LTE, and has a very specific connotation as we highlighted in [1]. As described in observations 1 and 2, above, sensitivity for FR2 is based on a different set of assumptions. These differences are captured in the table 2.1-1 below:

	
	EIS Assumptions by Technology:

	EIS according to: ->

Differences (below):
	‘Test Plan for Wireless Device Over-the-Air Performance’, ver. 3.7.1, CTIA
	FR2 assumptions in RAN4

	Technologies
	LTE, GSM, NR FR1 etc
	NR FR2

	DL incidence
	Perfectly scattered DL (note: sensitivity in this condition has been mathematically proven to have a certain equivalence to testing with two orthogonal linearly polarized DL. OTA compliance verification uses this equivalence)
	Plane Wavefront

	DL polarization
	DL available with equal power in all possible polarizations
	Linearly polarized DL signal

	Reference plane
	Prior to each connector, 0dBi antenna provided at each connector
	Prior to UE, reference power is that collected by a 0dBi antenna (see [1])

	Receiver topology
	No assumption 
	Dual-pol receiver with MRC 


Table 2.1-1: Comparison of EIS assumptions across technologies
We believe the differences in EIS assumptions can cause confusion and misdirection to parties not familiar with the special assumptions for FR2 sensitivity. For this reason, we believe the definition of EIS must be clarified in TS38.101-2.
Proposal 2: The FR2-specific EIS definition shall be introduced into TS38101-2. 

One can construct technical details of REFSENS from various agreements in RAN4 [1]:
· DL condition is single layer, 50MHz wide QPSK 1/3 for verification of throughput
· DL field is a linearly polarized plane wave incident along beam peak direction

· REFSENS is reported as the power collected by an idealized 0dBi antenna in DL field that causes UE to run at threshold condition
TS38.101-2 offers the following description of REFSENS: 
‘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’. 
From comparison of the two descriptions of REFSENS above, we can conclude that, in an FR2 context, EIS must be the power collected by an idealized 0dBi antenna in a linearly polarized DL that causes the UE to run in some specified throughput threshold condition. We propose to include this clarification in the standard.
Proposal 3: TS38.101-2 shall include clarification on EIS as shown below:
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3. Conclusion
We traced the development of the REFSENS requirement in RAN4 for FR2 UEs. We observed that:
Observation 1: FR2 UE receive architecture assumes MRC diversity (rank1 with two receivers arranged to provide polarization diversity) for REFSENS. 
Observation 2: For FR2 REFSENS, DL signal is assumed to be linearly polarized. 
We proposed the polarization aspect for DL signal must be clarified in the specification.

Proposal 1: DL signal polarization shall be clarified to be linear, for sensitivity requirements, in TS18.101-2.
We proposed that the definition of EIS, a parameter that has a very specific meaning in FR2, be included in TS38101-2 
Proposal 2: The FR2-specific EIS definition shall be introduced into TS38101-2. 

We then worked out the precise definition of EIS, based on comparison of REFSENS definition in 38.101-2 and the precise parameter description of REFSENS, as developed by RAN4. The definition is below in the form of a proposal.
Proposal3: (Insert clarification: ) The Effective Isotropic Sensitivity (EIS) is defined as the power collected by an idealized 0dBi antenna in a linearly polarized DL signal field that causes the UE to experience a specified throughput condition.
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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.











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 power collected by an idealized 0dBi antenna in a linearly polarized DL signal field that causes the UE to experience a specified throughput condition.
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