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1.
Introduction

The WI “UEAnt_FSTest” was closed at RAN #54 with no performance requirement values defined in TS 25.144 [1] for LME/LEE devices. According to the status report [3] performance requirements will be stated during maintenance work in Release 11. The specification is currently prepared with tables for TRP/TRS minimum performance requirements values for roaming bands in section 6.2 and 7.3. In addition informative recommended requirements are listed in Annex B. 

At RAN#63 proposals [8 and 9] for TRP/TRS minimum requirement was presented. These two papers proposed to base minimum performance requirements on TRS/TRS average value measured over several DUT samples. A consequence of using average as base for minimum requirement is that a large portion of the device pool will be disqualified. A more appropriate way of defining the minimum performance requirement values would be to set the requirement threshold so a large portion of the devises will pass the criteria. As a consequence no consensus could be found regarding the contents of these proposals. 
Several reports with TRP/TRS measurement results have been presented [4, 6 and 7]. Unfortunately only one contribution [7] presented results collected from a large pool of devices giving statistical information with high confidence. 

This paper will propose the strategy how to find minimum performance requirement levels for LEE devices to be included in TS 25.144 based on available results.
2. Discussion
By definition the minimum requirement level is a threshold defined to discriminate good and band devices. When finding performance requirement by analyzing measurement results associated with commercially available devices it is vital find a criteria for how to determine the requirement level threshold. 
In probability theory and statistics, the cumulative distribution function (CDF) describes the probability that a random variable X with a given probability distribution will be found at a value less than or equal to x. Defining RF performance requirements it is appropriate to analyze CDF-curves based on measurements results. Assuming that 95% of all devices shall pass the requirement the CDF-curve gives the performance level. For TRP this means that the value corresponding to probability of 5% is of interest and for TRS the probability of 95% is of interest. 

The recommended requirement requires measurement data from a large collection of devices designed for that specific operating frequency band. 
A LEE module to be placed in a notebook is designed to fulfill all RF requirements stated in TS 25.101 [2]. All radio characteristics are defined at ARP (Antenna Reference Point) at the module. Typically the ARP is a miniature coaxial RF connector (U.FL). The LEE module is mounted at the motherboard while the antenna is placed on top of the display. On modern notebooks the space for WWAN antennas are very limited, since the trend is slimmer design with large displays.  It is a challenge to design WWAN antennas with low loss and tuned for several bands in a limited volume. Antennas used in a notebook are normally variants of PIFA or mono-pole elements. These types of antennas are frequency selective and must be tuned at specific frequency were the performance will be best. This means that the TRP/TRS performance over several frequency bands will be different. The loss associated with the coaxial cable between the module and the antenna element is included in the antenna system The performance is optimized for operating frequencies, while roaming frequencies will be relaxed creating a EU and US product version. TS 25.144 will capture the antenna characteristics of a LEE device by stating TRP and TRS performance requirements.
According to TS 25.144 the minimum requirements for roaming bands apply only to the primary mechanical mode in the environmental conditions specified in Annex A. All bands are potential roaming bands, and a UE/MS shall fulfill the minimum requirements for roaming bands for all bands supported by the UE/MS.

This means that a device supporting 4 bands (I, II, V and VIII) shall fulfill minimum performance requirements for 4 bands; other combinations with more bands may be established. A device aimed for the EU market will be optimized for band I and VIII with performance in the range of recommended requirement level for operating bands and a device aimed for the US market will be optimized for band II and V with performance in the range of recommended requirements levels for operating bands.

The strategy to find minimum performance requirements starts with recommended requirements based on statistical analysis of measurement based on large number of devices. An appropriate threshold for recommended TRP/TRS performance will be defined following the criteria making 95% of the population passing performance requirement threshold. In R4-123066 Table 2.1.1 [7] statistical measurement results for band I can be found. 

To capture antenna frequency characteristics of individual devices supporting several bands including both operating and roaming bands the recommended requirement is relaxed creating minimum requirement levels for roaming bands. 

The minimum performance requirement is divided into two parts: An average over low, mid and channel and minimum value of low, mid and high channel.
The minimum value will prevent the antenna to be to narrowband. In R4-115567 Figure 1 and 2 the frequency variation over channel in a specific band can be identified. It is reasonable to set the maximum drop due over frequency to 2 dB.

The average value will be based the recommended requirement level relaxed capturing the fact that antennas is optimized for operating bands. In R4-115567 Figure 3, 4, 5 and the variation between roaming band and operating band can be identified. It is reasonable to set the difference to 2 dB.
Both [4] and [7] indicated that the TRP frequency variation between high band and low band is low and assumed to be negligible enabling a possibility for one requirement for all operating bands, while self generated interference will degrade TRS at low frequency bands.  
3.
Conclusion
The following approach is proposed to define TRP/TRS performance requirement for LEE devices.

· Define recommended TRP/TRS performance requirements for operating band based on 5% at TRP CDF-curve and 95% at TRS CDF-curve.
· From recommended requirement derive minimum performance for roaming bands. 
There are sufficient measurement results available to define requirements for band I, II, V and VIII. It is important for the whole mobile broadband echo-system to find relevant numbers enabling both consumer and professional products keeping the device cost reasonable. 

Defining performance requirements for LEE devices to be included in TS 25.144 we strongly advice RAN4 to use the approach presented in this contribution.
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