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1.
Introduction

As we pointed out in the documents of [1] and [2] at RAN4#83 and RAN4#84 respectively, the metrics for UE RF measurements, such as “beam peak”, “EIRP” and “EIS”, are not clearly defined in TR38.803 [4] with respect to measurement directions.  And the metrics for UE RF measurements are not consistent in the sense that “beam peak” includes only the meaning of “measurement direction(s)” while others include both meanings of “indicator to be measured (eg. : power)” and “measurement direction(s) (eg. : beam peak direction)”.  This motivates us to define a general form of metrics definition.  Since those metrics are to be defined in TS 38.101-2 [5] to describe UE RF requirements, this paper proposes how to clearly define those metrics as a text proposal to TS 38.101-2.


2. Discussion
2.1 UE RF Metrics in TR38.803

Referring to TR 38.803 [4], the terminologies of “EIRP”, “TRP”, “EIS”, “TRS” and “beam peak” are used as metrics for UE RF requirements, but they are not clearly defined.
As we pointed out in the documents of [1] and [2], the terms of EIRP and EIS can be understood as either of the three meanings 1) to 3) below.  However, TR38.803 does not define exact meaning of the metrics “EIRP/EIS”.
1) EIRP/EIS is a function of the whole three dimensional angles of radio-wave transmission/reception, which evaluates a directivity of the transmission/reception

2) EIRP/EIS is expressed as a single value at the beam power/sensitivity peak, which is usually at the centre of the beam

3) EIRP/EIS is expressed as a single value at the DL-signal AoA from the view point of a UE, under the assumption that the UE beam power/sensitivity direction shall be autonomously steered towards the DL-signal AoA
The meaning of the term “beam peak” in TR38.803 is not clearly defined as well.
For eAAS discussions, TR37.843[7] defines the term “beam peak” as the following. 

beam peak direction: direction where the maximum EIRP is found
Since the same term of “beam peak” in TR38.803 may have different meanings as in eAAS, the term used in TR38.803 is hereafter written as *beam peak* in this paper. 
The UE RF transmitter and receiver requirement items whose metrics are defined as *beam peak* in TR 38.803 are summarized in Table 2.1.1 and Table 2.1.2 respectively.  Some of them may be understood as DL signal AoA from the view point of a UE, and others may be understood as the same meaning as the beam peak direction in eAAS.
Table 2.1.1  UE RF transmitter requirement items whose metrics are defined as *beam peak* in TR38.803

	
	Requirement
	Indicator to be Measured

	Tx
	ON/OFF mask
	power

	
	Power control
	power

	
	Frequency error
	waveform performance

	
	EVM
	waveform performance

	
	Carrier leakage
	waveform performance

	
	In-band emissions
	power


Table 2.1.2  UE RF receiver requirement items whose metrics are defined as *beam peak* in TR38.803

	
	Requirement
	Indicator to be Measured

	Rx
	Maximum input level
	throughput

	
	ACS
	throughput with blocker

	
	In-band blocking
	throughput with blocker

	
	Out-of-band blocking
	throughput with blocker

	
	Rx intermodulation
	throughput with blocker

	
	In-channel selectivity
	throughput with blocker


2.2 General form of Metrics Definition

As explained in 2.1, the terminologies of “EIRP”, “TRP”, “EIS”, “TRS” and “beam peak” are used as metrics in TR 38.803.  The metrics “EIRP”, “TRP”, “EIS” and “TRS” include both meanings of “indicator to be measured (eg. : power)” and “measurement direction(s) (eg. : beam peak direction)”.  However, it needs to be noticed here that the terminology of “beam peak” has only the meaning of “measurement direction”, so it should be paired with a word of “indicator to be measured” to express a metrics in a general form.  We propose as the followng :

Proposal1 : It should be plausible to define a general form of a UE-RF metrics as [indicator to be measured]@[measurement direction(s)]; where [indicator to be measured] shall be replaced with “EIRP”, “EIS”, “Frequency error”, “EVM” or “Carrier leakage”, and [measurement direction(s)] shall be replaced with “beam peak direction” or “UE DL direction” which indicates Tx-signal direction to be measured at or Rx-wanted-signal direction to be received from.
As explained in 2.3, the term “EIRP/EIS” has conventionally two meanings, but here it is understood as a function of the whole three dimensional angles and the direction is specified by [measurement direction(s)]. 
Proposal2 : The tems of “beam peak direction” and “UE DL direction” shall be defined as the following.
beam peak direction: direction where the maximum EIRP is found
UE DL direction: a DL-signal AoA from the view point of a UE.
Here the definition of “beam peak direction” is in line with the one defined in TR37.843[7] which is used for eAAS discussions. We need to admit some exceptions of the general form of metrics as below.
Proposal3 : The general form of a UE-RF metrics has the exception that “TRP” and “TRS” shall be used without adding “@[measurement direction(s)]”, since the terms of “TRP” and “TRS” have the clear meaning that they are measured over all directions.

2.3 Terms of EIRP/EIS

As pointed out in 2.1, the terms “EIRP/EIS” have the three meanings 1) to 3).  Conventionally, the terms “EIRP/EIS” are understood as either of the meanings 1) and 2) depending on the situation, but the definition coming from the assumption that “EIRP/EIS” of a UE can be measured by “Centre of beam measurement setup” would be as 3). 
The definitions of 2) and 3) are similar in some cases, but “EIRP/EIS” is not necessarily the value at the beam power/sensitivity peak according to 3), while “EIRP/EIS” is always the value at the beam power/sensitivity peak or beam centre according to 2).  One of the reasons for causing deviation of beam-peak direction from the DL-signal AoA is explained that the resolution of phase shifters in a DUT may not be fine enough to be ignored as pointed out by [6].(See Figure 1.)  If we evaluate “EIRP/EIS” following the definition of 3), the metric would be the one which evaluates the UE-RF power/sensitivity performance contributing to the link quality with a gNB.  Considering the fact that we need to evaluate the quality of the links, it would be reasonable to define “EIRP/EIS” as 3).  As the terms of EIRP and EIS have the meaning of 1) or 2) above in general, new terminologies for EIRP and EIS to denote the meaning of 3) should be defined.
Observation1 : It seems reasonable to define the metrics for EIRP and EIS as a single value at the DL-signal AoA from the view point of a UE, which are metrics to decide the UE link quality with a gNB under the assumption that the UE beam power/sensitivity direction shall be autonomously steered towards the DL-signal AoA.  The expression shall be “EIRP@UE DL direction” and “EIS@UE DL direction”.
Here, the expression “EIS@UE DL direction” may be regarded as redundant, since “UE DL direction” is of course the direction at which the EIS is measured in UE normal operation mode.  But it is not necessarily redundant in the sense that it should be possible to measure EIS from any directions using the test mode to fix the Rx-sensitivity beam.
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Figure 1.  EIRP/EIS definition of 3) (Copied from [6])
2.4 Term of beam peak
  In this section, we consider how to clarify the definition of *beam peak*, which is one of the metrics used in TR 38.803 [4] to evaluate UE RF performance.
2.4.1 Term of *beam peak* for Uplink (UE Tx)
  As shown in Table 2.1.1, some of the items are for waveform performance measurements and others are for power measurements.
Considering the fact that the waveform performance measurements are the evaluation of the quality of the link and that the UL-signal power for the DL-signal AoA from the view point of a UE shall reach to the gNB receiver to contribute to the link, it would be reasonable to understand that the measurements of “Frequency Error”, “EVM” and “Carrier leakage” should be performed at the DL-signal AoA, under the assumption that the beam power direction shall be autonomously steered towards the DL-signal AoA.  

Observation2 : As an example of a metrics for UE Tx waveform performance, the general form of metrics for EVM shall be written as “EVM@UE DL direction” following the general rule defined in Proposal1.

Regarding the *beam peak* metrics for power measurement, such as “ON/OFF mask”, “Power control” and “In-band emissions”,  it seems necessary to clarify whether the beam peak direction needs to be searched for where the maximum EIRP is found.  If beam peak search is necessary, the [measurement direction(s)] part of the general metrics form should be “beam peak direction”.  But if we understand that the requirements are for the confirmation of relative power change, it would be reasonable from the view point of cost-effectiveness to measure the power at the DL-signal AoA from the view point of a UE, so that the tests can be performed by using the baseline measurement setup of “Centre of beam measurement”.  In such cases, the [measurement direction(s)] part of the general metrics form should be “UE DL direction”.
2.4.2 Term of *beam peak* for Downlink (UE Rx)
The UE RF receiver requirement items whose metrics are defined as *beam peak* in TR 38.803 are summarized in Table 2.1.2.  As stated in Observation1, it seems reasonable to use the metrics of “EIS@UE DL direction” in UE Rx tests.
Observation3 : As an example of a metrics for UE Rx, the general form of metrics for Maximum input level can be written as “EIS@UE DL direction” following the general rule defined in Proposal1.



3.
Conclusion
We propose as the following regarding the terminologies used in UE RF tests and propose to define these terminologies in TS 38.101-2 [5].

Proposal1 : It should be plausible to define a general form of a UE-RF metrics as [indicator to be measured]@[measurement direction(s)]; where [indicator to be measured] shall be replaced with “EIRP”, “EIS”, “Frequency error”, “EVM” or “Carrier leakage”, and [measurement direction(s)] shall be replaced with “beam peak direction” or “UE DL direction” which indicates Tx-signal direction to be measured at or Rx-wanted-signal direction to be received from.
Proposal2 : The tems of “beam peak direction” and “UE DL direction” shall be defined as the following.

beam peak direction: direction where the maximum EIRP is found
UE DL direction: a DL-signal AoA from the view point of a UE.
Proposal3 : The general form of a UE-RF metrics has the exception that “TRP” and “TRS” shall be used without adding “@[measurement direction(s)]”, since the terms of “TRP” and “TRS” have the clear meaning that they are measured over all directions.
Observation1 : It seems reasonable to define the metrics for EIRP and EIS as a single value at the DL-signal AoA from the view point of a UE, which are metrics to decide the UE link quality with a gNB under the assumption that the UE beam power/sensitivity direction shall be autonomously steered towards the DL-signal AoA.  The expression shall be “EIRP@UE DL direction” and “EIS@UE DL direction”.
Observation2 : As an example of a metrics for UE Tx waveform performance, the general form of metrics for EVM shall be written as “EVM@UE DL direction” following the general rule defined in Proposal1.

Observation3 : As an example of a metrics for UE Rx, the general form of metrics for Maximum input level can be written as “EIS@UE DL direction” following the general rule defined in Proposal1.


4. Text Proposal for TR38.101-2
< Unchanged section omitted >

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

beam peak direction: direction where the maximum EIRP is found
UE DL direction: a DL-signal AoA from the view point of a UE.

[indicator to be measured]@[measurement direction(s)]: a general form of UE-RF metrics where [indicator to be measured] can be replaced with “EIRP”, “EIS”, “Frequency error”, “EVM” or “Carrier leakage”, and [measurement direction(s)] can be replaced with “beam peak direction” or “UE DL direction”.  As exceptions, the terms “TRP” and “TRS” can be used without adding “@[measurement direction(s)]” as they include all directions.
< Unchanged section omitted >
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