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Support of PA linearization in 802.16m 

Yuval Lomnitz

Tom Harel

Intel Corp.
Introduction

For a mobile station, transmit power is mainly restricted by the power amplifier (PA). The PA limits the maximum transmit power that satisfies the EVM and out of band emission requirements. Part of this limitation is due to the non-linearity of the PA, which can be overcome by pre-distortion, also termed PA linearization. Thus, the transmit power can be improved by up to 2dB (depending on the PA). However accurate pre-distortion requires the transmitter to measure the PA and adapt to the specific non linearity which may vary (in frequency, supply voltage, temperature, etc). Usually performing such measurement efficiently involves transmitting high power (which can be above the power required by the UL power control mechanisms), and cannot be confines to a particular subchannel, due to the cross modulations generated by the non-linear effects.
Therefore to support efficient PA linearization we recommend allocating a specific slot in the UL in which MS are allowed to transmit an arbitrary waveform with minimal restrictions, in a periodic and synchronized fashion. The BS receiver may be turned off during this period so as not to suffer saturation. 
Discussion
How long should the UL linearization burst be? 

This duration depends on the bandwidth of the linearization signal, the parameters which are estimated (the complexity of the PA model used), and other parasitic effects (like noise) that are to be mitigated. In lieu of better analysis we assume at least 100 independent samples (i.e. T=100/BW) are needed.
How long does it take the MS to transition to and from linearization mode?
We assume linearization transmission is not significantly different than UL transmission. Therefore the transition from receive to linearization should be the same as the transition time from receive to transmit (SSRTG). The transition from linearization to transmit requires a change of transmit power and switching operations. We assume this time is in the order of 5-10(s.

How long should be the guard time between linearization and UL subframe?

Had the linearization signal been transmitted with the same power as the UL signal, the ISI from the linearization signal to the UL symbol following it would be mitigated by the CP. However considering that the linearization signal may be transmitted with higher power, and interference management (FFR) doesn’t apply to it, it would be appropriate to leave a larger guard. We recommend leaving a guard of the order of 2(CP durations (one of which is the CP of the first symbol). The guard is required between linearization signal and the next a UL or DL symbol, but there is no guard required before the linearization signal itself.
In case the linearization signal is transmitted before a UL symbol, the guard time between the linearization and the UL subframe may overlap with the MS transition time.
Where the UL linearization should be allocated?
Several options:
1. Steal from the CP of one of the UL symbols. In this case the linearization time will be very short and interference to the symbols will be caused. Therefore we rule this option out. From similar reasons stealing from the UL symbols themselves (the BS will erase the signal at the receiver) is ruled out.
2. As an entire symbol, e.g. replacing an UL sounding symbol in slot period, or by using a shortened subframe. The linearization transmissions will cease a designated time before the end of the symbol.
3. At the expense of frame gaps (RTG/TTG): this solution is not generic and in popular cases there are no excessive gaps. For example in the TDD frame structure for CP=1/8 depicted in figure 15 in subsection 11.4.1, there are 162(s of gaps. Assuming 50(s(2 for transition times and 60(s for RTD these gaps are exactly sufficient.
From these considerations it seems the best solution is to locate the linearization signal as the first symbol of an UL subframe. It may be interleaved with another UL signal (like UL sounding).
Periodicity of the linearization burst:

The considerations are overhead versus ability to optimize the PA transmit power considering change of temperature and other factors. Since different PA-s have different behavior, we focus on the overhead consideration. If we limit the overhead to 0.1% - 0.01%, then between 1 and 10 linearization symbols per second are possible. 
Bandwidth of the signal transmitted during linearization:

From PA linearization perspective, and especially when memory effects in the PA exist, the linearization signal should capture the important properties of the actual transmit signal. Therefore it is best to transmit a similar spectrum. However, since the signal is transmitted with high power, out of band emission may be created. In some cases, the out of band emission may be tolerated: if the adjacent channels are synchronized and include a linearization allocation, then the MS may be allowed to breach the mask limitations. However since using this optimization requires additional complexity from the system and can be used only on part of the RF channels, we recommend to avoid it.
SDD text proposal

[Add the following text at the end of section 11.x.x: UL symbol structure]
- - - - - - - - - - - TEXT START - - - - - - - - -

11.x.y.z UL linearization symbol
The system allocates time for MS to linearize their transmitters, by allocating a linearization symbol in a periodic way. During linearization symbol all MS including sleep and idle MS may transmit arbitrary signals which are not subject to the power limitation defined by the power control mechanism. The arbitrary signals may start at the first sample of the linearization symbol and must terminate TBD (default: one CP duration) before the end of the symbol. The MS is required to meet regulatory requirements regarding spectral density and out of band emission. The linearization symbol uses the first symbol of one of the UL subframes (which will be shortened), and is allocated in periodic way, using the same UL subframe, each NLIN superframes. The subframe number and the period NLIN (between 4-64 subframes) are reported by the control channels.
- - - - - - - - - - - TEXT END - - - - - - - - -


  


