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1. Introduction

This contribution discusses the impact of supporting multiple bands in the UE and addresses the maximum output power tolerance that remains undefined in the specification.

2. Discussion

The maximum output power tolerances defined in Table 6.2.2-1 of 36.101 are only applicable for UE’s that support up to four E-UTRA operating bands.  For UE’s that support five or more E-UTRA operating bands, it is recognized and stated in 36.101 that the maximum output power is expected to decrease with each additional band.  The specification itself, however, remains FFS and undefined even for Rel-8.  The specification further is deficient in that it does not recognize that most 4G-enabled UE’s support multiple RAT’s which will lead to additional degradation due to the increased complexity of the RF front-end.
Increasing band support requirements

For the first deployments of LTE, the UE was only required to support a single E-UTRA band and many of these devices were also LTE-only single-RAT; however, as the technology and the operator deployments mature and become more prolific around the world, there is a need for the device to support more bands and to support multi-RAT operation.  The need for supporting more bands arises because operators now or in the near future may have access to more bands to deploy LTE, either by new spectrum acquisition or by refarming existing spectrum as users migrate from 2G to 3G and 4G.  Furthermore, as LTE deployments become more commonplace worldwide, there is the need to support roaming to provide the best service for users outside of the home network.  Lastly, in order to accommodate many operators and to make devices broadly available in a short timeframe and with lower cost, it is necessary that a single RF design from the handset manufacturer be suitable for multiple operators in many different bands.
The number of available bands is growing rapidly.  At the time of the first commercial LTE service in December 2009, there were 23 bands defined in TS36.101 v8.7.0.  Today, there are 38 bands defined in TS36.101 v11.1.0 and the list is expected to grow as evidenced by [1] where it was requested that RAN2 consider increasing the band number to accommodate up to 128 bands in Rel-11.  Furthermore, while the first LTE devices mostly supported a single LTE band and only the LTE RAT, current smartphones may support four or more LTE bands along with quad-band GSM and tri-band UMTS.  While it was recognized early on that maximum output power will decrease as additional band support is required on the UE, it is now timely to complete the specification.
Complexity in the RF front-end

It is intuitive and easy to understand that as the UE is required to support an increasing number of bands and RAT’s, the RF front-end complexity increases.  Additional or larger switches with more throws, additional RF components such as PA’s, inter-stage filters, duplexers, additional matching or tuning elements are all required. Routing flexibility decreases and coupling increases with other active radios on the device since the available area is limited on the most common form factors.  These additions directly result in an increase in the insertion loss of the RF front-end, and therefore degrade the ability of the UE to meet maximum output power requirements yet maintain acceptable PA efficiency and power consumption.  Moreover, the above factors lead to indirect mechanisms which also degrade performance.  Due to size constraints as more components are required to support more bands, there is a movement to shrink the size of RF components and to move towards single-ended interfaces.  However, smaller components such as a filters may yield poorer performance.  Also significant is the desire to consolidate components to save in area and cost when multiple bands and RAT’s are required to be supported.  For example, there are efforts to broaden PA response or to develop converged or hybrid or multi-mode multi-band PA modules capable of supporting multiple bands and RAT’s.  By applying the PA to multiple bands and RAT’s, the obvious advantage is to reduce component count, cost, and size and to facilitate the ability of the UE to support more bands.  However, this necessitates that the PA must be designed to meet the most stringent requirements of all the bands and RAT’s that it is intended to support.  In such a case, the PA may be less optimal for the other bands and RAT’s that it supports thereby sacrificing efficiency for those bands and RAT’s.  

Challenging requirements

While the number of bands required to be supported is increasing and movements are astir in the industry towards the development of common RF front-end components to reduce cost and to be able to fit within size constraints, this also comes at a time when there are more challenging requirements levied upon the UE.  Some recently introduced bands in 36.101 have been defined with tight requirements based on very preliminary simulations which may only be met with specific solutions and with compromised efficiency and increased current consumption.  In some cases, component vendors, including possibly some of the vendors who supplied initial simulations to aid in defining the band, have resisted developing the components to meet these requirements since the loss in efficiency, cost, or size is not likely to be deemed acceptable or such components represent specific solutions inconsistent with the overall design of the UE.  These specific solutions further end up increasing the cost and size of the device in such a way that handset manufacturers may choose not to support the band or to only support the band within a limited selection of devices, since the number of bands supportable in a given handset is bounded.  Furthermore, where the band is supported, talk time may be significantly reduced compared other bands.  
Another area of challenge is that the methodology to define requirements for spectrum bands in 3GPP is to define each band on its own.  While we agree with this approach as an effective way to define requirements, we also believe that it does not recognize the reality that the majority of devices developed and commercially fielded will be required to support more than the single band and more than the LTE RAT.  In the past, these impediments have been overcome because the specifications were defined more conservatively with sufficient margin to enable flexiblity in implementation, and the number of supported bands and RAT’s was not as great.  Moving forward, however, we anticipate that these issues unless addressed will become more relevant and will lead to unfavorable tradeoffs or other negative consequences to the UE vendor, the network operator, and the end user.      
Proposal

We propose to begin to address some of the points addressed in this paper by first tackling the incomplete specification for maximum output power tolerance in Rel-8.  In addition to simply proposing a value to replace FFS, we also propose to apply the relaxation taking into account both UTRA and E-UTRA band support since multi-RAT devices are becoming commonplace.  To quantify the additional loss in the front-end, we evaluate the loss in the antenna switch.  For the single band device, of course, an antenna switch may not even be necessary.  For a device that supports two or more bands, a switch must be added and the number of throws must be increased linearly as more bands are required to be supported.  Moreover, the routing complexity and corresponding trace loss also increases.  Based on a study of losses of various antenna switches from one component vendor (see Figure 1), we estimate that the additional insertion loss grows roughly 0.03dB per port.  We further estimate the trace loss to grow at roughly the same rate of 0.03 dB per additional band for the first five bands, but expect that it will increase more rapidly to 0.05 dB per band as more bands are added, depending on the form factor of the device. 
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Figure 1.  Typical antenna switch loss vs. switch size for IMT band (uplink Tx)
We therefore recommend the following

· For the UE that supports >=5 UTRA and E-UTRA bands, relaxation of 0.3 dB to MOP.

· For the UE that supports >=10 UTRA and E-UTRA bands, relaxation of 0.7 dB to MOP.
· For the UE that supports >=15 UTRA and E-UTRA bands, relaxation to MOP is FFS.
3. Conclusion
In this contribution, we have discussed the impact and the need to address the maximum output power relaxation for a UE that supports multiple bands and multiple RAT's.  We have observed that the trend is to require an ever increasing number of bands and RAT's to be supported in the device.  The associated challenges have been described and a proposal presented based on additional insertion loss in the antenna switch and increased routing complexity and trace loss.
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