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1.
Introduction

This paper presents Motorola’s perspective on the concept of requiring both secondary and primary use modes of UE’s and the impact to proposed TRP/TRS values.
2.
Discussion

It is well known that the mechanical and human interface design of UE devices is evolving rapidly. Most significantly is the progress towards smaller and more portable UE devices that contain a greater amount of functionality. As is clearly demonstrated from the high volume sales of these smaller devices we can observe that users are embracing this reduction in device size co-existent with an increase of functionality.  There is little reason to believe that this trend will not continue for some time to come. 
There is however a fundamental law of electro-magnetics that is in direct contrast to the trend towards smaller UE’s, that being the fact that the lowest RF frequency and resultant longest wavelength of operation of these devices has not changed. As 3GPP RAN4 considers the matter of UE radiated performance expectations concern for this paradigm must be attended to. This antenna volume to BW and efficiency, or Q, is well documented as published by Chu-Harrington in 1960. [2] This is graphically shown in figure 1. In summary, the “normalized volume” of the antenna (V/λ3) is inversely proportional to the “fractional bandwidth”. In practice this means that as antenna volume goes down, the bandwidth or the efficiency must also go down. 
Antenna design engineers are confronted with balancing the tradeoffs between antenna volume (physical antenna plus UE chassis), bandwidth, efficiency and UE mechanical and user friendly design. (see note 1) With a given UE mechanical and user design the choices between the remaining parameters (antenna volume, BW and efficiency) become very deterministic. In fact, real world measurements of small UE’s show that this small size corresponding to lower antenna efficiency remains true. It is indeed possible, perhaps easy, to design an antenna with poor efficiency of almost any size, but modern day UE design is a highly sophisticated process and the resultant antenna efficiencies can approach this theoretical limit with careful design. 

Figure 1.
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The logical conclusion is that smaller UE’s will, on average, have lower TRP and poorer TRS than their physically larger counterparts. Consider the case of a “slider” type phone which has two conversation use modes: slider extended and slider retracted. By the very process of extending the slider the user is increasing the realized antenna/chassis volume which in turn also increasing the antenna efficiency, which therefore translates directly to increased maximum TRP or better TRS. The existence of a performance requirement for the retracted (poorer TRP/TRS) use mode implies that the 3G system will be designed with this level of UE performance in mind. Now compare this with the consumers desire for ever smaller UE’s where these morphing type of UE’s will become smaller and smaller as the design technology progresses. This means that RAN4’s performance requirement of UE’s in secondary use mode is a default restriction on the size and compactness of future UE’s in the secondary use mode. Does RAN4 wish to pre-determine the future of compact and feature laden UE’s? 
3.
Conclusion
Motorola concludes that a decision by RAN4 to require UE’s to meet the same required TRP or TRS performance in both primary and secondary use mode to be contradictory to fundamental laws of electro-magnetics as well as continuing user preferences. Such a decision places a lower limit on the practical size of the UE and consequential constraints in design and competitiveness of the manufacturers in the future. What then would be the advantage to the manufacturer to design in optimized efficiency in the primary use mode when this is relatively easy to obtain compared to the more difficult optimized efficiency in secondary mode? The end result will be an overall reduction in average UE radiated performance down to the required minimum required, as well as higher 3G system base station density required and resultant degraded user experience in the long run. Motorola therefore recommends to RAN4 to restrict the discussion of UE radiated performance requirements to primary use mode only. 
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Note 1: the “antenna” volume is not the same as the physical volume that one observes visually. Generally the antenna volume is considered to be the physical volume consumed by the actual antenna conductors and the spatial volume consumed by the stored energy near fields. In the case of an UE with an extendable antenna, the perceived volume increase resulting from extending the antenna is small (small diameter whip extension) but this extension resides nearly in free space with considerable loss-less near field volume around it. This is also why a simple dipole of nearly zero physical volume can have an efficiency approaching theoretical limits. 
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