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1. Introduction

In [1], it was observed that the PA is more challenged for LTE waveforms than for UMTS; therefore, it was proposed that the required backoff for LTE is greater than for UMTS.  In this contribution, we provide a more detailed comparison between the PA for LTE and UMTS waveforms.  It is shown that while the UMTS WCDMA waveform is less challenging than the LTE waveform, the HSPA waveform is in fact slightly more challenging than the LTE waveform.  Therefore, there is an equivalency between the PA for UMTS and LTE and losses which affect one also affect the other.
2. Discussion

Devices which support multiple RAT's are highly desirable due to differing deployments in different geographies and different timelines by the operator.  In most UE platforms, the RF front-end is shared between RAT's whenever possible where bands overlap.  The motivation is to reduce component count, cost, size, and complexity in the device.  This has been well recognized in RAN4 in setting those performance requirements which impact sizing and linearity of the PA.  In [2], it is noted that it "should be possible to reuse the rel-6 PA in order to allow for single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes."     
Observation 1:  For similar bands, the RF front-end components are shared between UTRA and E-UTRA.

In order to most efficiently share the RF front-end components between UTRA and E-UTRA, the requirements must be compatible between the two RAT's so that one does not dominate the other.  For example, the allowed MPR and A-MPR backoffs for E-UTRA are determined by calibrating the PA to minimally conform to UTRA ACLR requirements.  If this were not the case, then the PA sizing and linearity would be dominated by one of the technologies and therefore, over-designed for the other technology.  The consequence of being over-designed is an increase in current consumption which would be unacceptable compared to a single-RAT device.  Therefore, if requirements are not defined compatibly between the two technologies, sharing of the RF front-end would not be acceptable by the operator and by the end user.

Observation 2:  Requirements must be defined compatibly between UTRA and E-UTRA to enable multi-RAT devices.

In recent discussions regarding the treatment of maximum output power relaxations for LTE inter-band carrier aggregation, it has been discussed whether the relaxations should be applied across technologies.  That is, if an E-UTRA band is allowed a relaxation, should the equivalent UTRA band also be granted the same relaxation?  By the above observations, we believe that the relaxations should necessarily be applied across technologies.  However, it has been suggested that UTRA maximum output power may not need as much relaxation as E-UTRA because the UTRA waveform is less challenging on the PA than the E-UTRA waveform [1].  We evaluate this hypothesis by simulation.
Simulations

Simulations were run using a typical high band PA that would be used for UTRA and E-UTRA applications.  The output power of the PA for which it would just meet the UTRA ACLR limit is used to compare the UMTS, HSPA, and LTE waveforms.  We compared the PA output power at a UTRA ALCR1 limit of -36 dBc/3.84 MHz to allow for allocation of ACLR between the transceiver and the PA.  The following waveforms were considered

1. Rel-99 WCDMA:  Cubic metric = 0 dB

2. HSDPA c/d = 12/15, hs/c = 24/15:  Cubic metric = 1 dB

3. HSPA+  c = 15, c = 9, DPCH flag = 0, c = 0:  Cubic metric = 1 dB

4. LTE 20 MHz, QPSK, 18 RB:  MPR = 0 dB

Note that the HSDPA waveform is taken directly from TS34.121 sub-test 2 in Table C.10.1.4.  
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Figure 1.  Comparison of UMTS and LTE PA sizing

The simulation results are shown in Figure 1.  It can be seen that the Rel-99 UMTS waveform is indeed less challenging than the E-UTRA waveform by approximately 1 dB.  This agrees with the observation in [1] and is consistent with the specification of 24 dBm maximum output power for UTRA power class 3, compared to 23 dBm for power class 3bis or for E-UTRA power class 3.  However, it can be seen that the HSDPA and HSPA+ waveforms are equally demanding on linearity compared to the E-UTRA waveform.  In fact, the HSDPA and HSPA+ waveforms require slightly better linearity than the E-UTRA waveform requires.  This LTE waveform was simulated as one of the worst case waveforms requiring the highest linearity from the PA to meet the UTRA ACLR requirement; thus, the HSDPA and HSPA+ waveforms are as challenging as the LTE waveform.  
Another point presented in [1] is that the UMTS filter response is averaged over 3.84 MHz so effectively has a lower insertion loss than the LTE filter response where the maximum output power must be met with a single RB transmissions.  Therefore, it is suggested that this would lead to the LTE PA being sized slightly larger than the UMTS PA.  However, the single RB waveforms are not the dimensioning waveforms for the PA.  That is, these waveforms are not the worst case waveforms in defining the output power and linearity requirements on the PA.

Observation 3:  The worst case UTRA waveforms and worst case E-UTRA waveforms are equally demanding on PA linearity.
3. Conclusion
We have evaluated the requirement on PA linearity comparing UTRA and E-UTRA waveforms.  The following observations were made.
Observation 1:  For similar bands, the RF front-end components are shared often between UTRA and E-UTRA.

Observation 2:  Requirements must be defined compatibly between UTRA and E-UTRA to enable multi-RAT devices.
Observation 3:  The worst case UTRA waveforms and worst case E-UTRA waveforms are equally demanding on PA linearity.
Based on these observations, we recommend that in order to enable the development of devices capable of supporting multiple RAT's, it is necessary that the RF components can be shared further implying that relaxations that are necessary for one technology must also be granted to the other.  Specifically, as reference sensitivity and maximum output power relaxations are discussed and agreed in the context of multi-carrier aggregation, it is our recommendation that these relaxations apply across technologies.

Proposal:  Maximum output power relaxations for carrier aggregation that are provided to E-UTRA should be also applied to UTRA, and vice-versa, for the same band in both technologies.
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