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1 Introduction
During the RAN4 #58AH meeting a Way Forward [3] was approved for the LME Work Item [1] to separate the testing specifications for the LME plug-in and laptop embedded equipment (LEE) UEs into two groups and to set different performance requirements for the two groups.  In addition, a contribution was noted [2] that aimed to analyze the differences in the testing methodologies between LME plug-in and LEE device groups and to establish a comparison framework of the relevant figures of merit.  During the RAN4 #59 meeting we presented initial observations on this topic [14]. This paper extends the discussion to cover both TRP and TRS results.
This paper provides the initial motivation for such a comparison framework, relates its usefulness to the typical usage scenario of a notebook computer, and suggests a data-driven method for the framework’s definition. 
2 Discussion
A desire to relate the OTA performance metrics to the performance experienced by the end user in a typical usage scenario motivates this effort.  By “typical usage scenario” we presume a user interacting with an active notebook, its lid open, and the plug-in device inserted into a notebook data port.  Given the testing procedures for LME plug-in UEs with a passive laptop surrogate [4], the resultant OTA figures of merit differ from the typical usage scenario because they do not account for the impact on the UE’s antenna gain patterns by the host notebook and do not include the sources of self-interference present in the active notebook platform.  With an abundance of host notebooks in the market, this choice of testing procedures favours consistency in test results; however, the OTA metrics as measured are not useful in performance comparisons of LME plug-in UEs with other UE types in such applications as competitive analysis and link budgets.
One method to resolve this issue is to quantify the gap in performance between LME plug-in UEs when tested in a typical usage scenario (i.e. with a real notebook) and according to the proposed methodology (i.e. with a laptop surrogate).  To simplify this initial investigation, we consider TRS and TRP results in UMTS Band I and form the two data sets from a subset of all contributions presented within the LME Work Item in RAN4 [5-13].  We note that with the availability of additional measurement results in [13], the figures and tables have been revised since the presentation of this paper during the RAN4 #59 meeting [14].  The subset of measurements performed with real notebooks includes different UEs, different laptop models, and various selections of USB ports.  The subset of measurements performed with laptop surrogates includes different UEs and different types of surrogates (inactive laptop, laptop mock-up, or ground plane phantom).
Figure 1 below illustrates all TRS values measured in the UMTS Band I.
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Figure 1: Comparison of TRS results for USB LME UEs tested with real and surrogate notebooks 
We note the large variability of TRS when measured with real notebooks vs. surrogate:  this confirms the efficacy of the surrogate notebook testing methodology.  Although we are unable to normatively quantify the performance gap due to the surrogate notebook testing methodology, we can begin to describe it informatively by considering some summary statistics, as shown in Table 1 below.
Table 1: Summary of TRS results for USB LME UEs tested with real and surrogate notebooks 
	
	LME with
real notebook
	LME with surrogate notebook
	Gap between
test and real usage

	Average TRS (dBm)
	-102.8
	-106.1
	3.3

	Median TRS (dBm)
	-103.5
	-105.8
	2.3

	Minimum TRS (dBm)
	-107.0
	-109.6
	2.6

	Maximum TRS (dBm)
	-97.8
	-104.6
	6.8


We note that in terms of average performance, there is a 3.3 dB gap between the surrogate notebook testing method and the typical usage scenario sampled in the data.  In terms of worst-case performance (maximum TRS), there is a 6.8 dB gap.  The gap in best-case performance (minimum TRS) is 2.6 dB.

Figure 2 below illustrates all TRP values measured in the UMTS Band I.
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Figure 2: Comparison of TRP results for USB LME UEs tested with real and surrogate notebooks

We note the large variability of TRP when measured with real notebooks vs. surrogate:  this confirms the efficacy of the surrogate notebook testing methodology.  As with the TRS results above we consider the summary statistics shown in Table 2 below.
Table 2: Summary of TRP results for USB LME UEs tested with real and surrogate notebooks
	
	LME with
real notebook
	LME with surrogate notebook
	Gap between
test and real usage

	Average TRP (dBm)
	18.0
	18.3
	0.3

	Median TRP (dBm)
	17.9
	18.0
	0.1

	Minimum TRP (dBm)
	15.4
	17.0
	1.6

	Maximum TRP (dBm)
	20.5
	20.1
	0.4


In terms of average performance, there is a 0.3 dB gap between the surrogate notebook testing method and the typical usage scenario sampled in the data.  In terms of worst-case performance (minimum TRP), there is a 1.6 dB gap.  The gap in best-case performance (maximum TRP) is 0.4 dB.
3 Conclusions
In order to relate the measured OTA figures of merit to the end-user’s typical usage scenario and, consequently, to use the data in comparative performance analysis or downlink budget studies, we examined a subset of the TRS data presented within the scope of the RAN4 LME Work Item and suggested an informative quantification of the gap in the figure of merits of choice between the surrogate notebook testing methodology and a typical usage scenario.  Similar analysis has been conducted on uplink and TRP measures.  We have observed a significant gap between the surrogate notebook testing method and the typical usage scenario in terms of TRS and an insignificant gap in terms of TRP.

The values derived in the analysis above can be used to suggest an offset in the corresponding measured OTA figures of merit (e.g. an informative offset) for the purpose of comparing the metrics measured on an LME plug-in UE with all other UE types.
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