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1
Backgrounds
In a UE, the PA is sized to ensure that the UE max power requirement (24 dBm for R99) is met across process variation and temperature. A typical UE UL RF architecture post-PA is shown in Figure 1.
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Figure 1: A typical UE RF architecture in UL path
The post PA loss is typically 3.5 dB and worst case ~4 dB. To meet the UE max power of 24 dBm at the antenna, the PA is sized to meet 28 dBm Pout for the R99 waveform. With introduction of DB-DC-HSDPA or dual band 4C-HSDPA, the architecture of the RF front-end changes slightly. In place of a normal duplexer, either the duplexer followed by an additional diplexer or the quadplexer will be needed depending on the downlink band combinations that the UE supports. The additional insertion loss assumed for each DB-DC-HSDPA configuration is shown in Table 1 [1].
Table 1: Additional insertion loss for DB-DC-HSDPA

	DB-DC-HSDPA
Configuration
	UL Band
	DL Bands
	Additional IL (dB)

	1
	I or VIII
	I and VIII
	0.5

	2
	II or IV
	II and IV
	1

	3
	I or V
	I and V
	0.5


The worst case scenario in terms of the insertion loss is the bands II/IV combination out of the existing DB-DC-HSDPA configurations, which needs the quadplexer. In this case the UL loss will increase from ~4 dB (max) to ~5 dB (max). If we keep the same max UE Tx power spec for dual-band 4C-HSDPA enabled devices, the PA needs to be 1 dB larger sized with implications for current consumption performance in the UE. In this contribution, impact on battery life and heat emission due to the use of a higher power PA is provided.
2
Battery Life and Heat Emission Impact
Since the heat impact is very dependent on the design of a form factor and modem, the relative thermal increase with respect to the additional insertion loss is analyzed in Figure 2. The assumption in the analysis is that the efficiency of the PA assuming the certain insertion loss is the same at the max rated Pout of the PA. Based on our simulation, the power efficiency degradation of 1 dB larger sized PA is ~25% worse across PA power and ~12% worse for the 0.5 dB larger sized PA. This is unacceptably high for battery life and heat emission point of view (i.e., PA currents). The heat at the maximum output power could become the bottleneck especially for the design of a UE in a small form factor.

If the maximum output power is kept the same as in the legacy UE, there is no other way than increasing the power at the PA output. As a result, the battery life and heat emission will be impacted according to the amount of additional insertion loss.
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Figure 2: Thermal increase in the PA with respect to additional insertion loss
3
Conclusions
In this contribution, impact on battery life and heat emission due to the use of a higher power PA is provided. The power efficiency and heat emission will be degraded by ~25% for bands II/IV combination and by ~12% for bands I/VIII and I/V combinations, if the maximum output power is kept at 24 dBm. Therefore, it is proposed that any UE which supports DB-DC-HSDPA be allowed to reduce the max power by the amount of corresponding additional insertion loss irrespective of carrier configuration.
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