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1
Introduction
Simultaneous support of dual band Rx operation needs to be handled with introduction of DB-DC-HSDPA and dual band 4C-HSDPA. A diplexer/triplexer/quadplexer was considered to be necessary to achieve cross band isolation in the UE receiver. So far there has been long discussion on maximum output power and REFSENS requirements due to a diplexer/triplexer/quadplexer. In order to help the progress of the work specifying the requirements, this contribution provides battery, thermal and talk time impact analysis.
2
Additional Insertion Loss
A typical RF front-end architecture of the UE supporting the legacy single band operation is shown in Figure 1 assuming a single antenna. Here the single band operation means the UE supports only one band at a time. The UE would be still able to support multiple bands for roaming. There is an antenna followed by the switchplexer. The duplexer for each band is connected to the switchplexer.
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	Figure 1 UE architecture supporting single band operation
	Figure 2: UE architecture supporting dual band operation


One of the UE architectures supporting dual band HSDPA operation is shown in Figure 2, where bands I/VIII and bands II/IV dual band operations are supported as an example. As seen in Figure 2, a diplexer is placed between the switchplexer and duplexer to support bands I/VIII operation, a quadplexer is connected to the switchplexer to support bands II/IV operation
. Compared to the UE architecture supporting the single band operation, the additional insertion loss in the RF chain is about the insertion loss due to the diplexer or the insertion loss difference between the duplexer and quadplexer.

Typical post PA components between the output of PA and antenna contributing to the total insertion loss are summarized in Table 1. As seen in Table 1, it should be noted that the total insertion loss in the RF chain is determined not only by duplexer and diplexer/quadplexer, but also by switchplexer, interconnect and mismatch between the components and etc.
Having considered this, it should be noted that each band is highly optimized independently. Each band has a separate PA and duplexer as seen in Figure 1. Duplexer insertion loss is different for each band, e.g., band I duplexer insertion loss can be 2 dB, but band II insertion loss can be > 3 dB. In order to maximize the battery life and reduce thermal impact, a duplexer with the smallest insertion loss is typically chosen for each band. Hence, the maximum output of the PA is set independently for each band. Therefore, we would like to emphasize that a general post PA target cannot be set across all the bands. Extra components in a dual band device, such as a diplexer/quadplexer will require re-sizing of the PA, if the existing maximum output power requirement is kept for a dual band device.
Table 1: Typical post PA components contributing to total insertion loss

	Component
	Single band device
	Dual band device

	Duplexer
	Yes
	Yes/No


	Diplexer/Quadplexer
	No
	Yes

	Switchplexer
	Yes
	Yes

	Interconnect
	Yes
	Yes

	Mismatch
	Yes
	Yes


3
UE Battery, Thermal and Talk Time Analysis
In this section, UE battery and thermal and talk time analysis is provided assuming that the existing maximum output power requirement is kept.

PA current consumption of a typical PA (28 dBm PA) assuming the post PA insertion loss of 4 dB is compared with the one (29 dBm PA assuming additional 1 dB insertion loss) required for a dual band device by simulation in Figure 3. The assumptions used in the PA are summarized in Table 2.
Table 2: Single band PA vs. Dual band PA

	28 dBm PA
	29 dBm PA

	Gain : 26 dB

Post PA loss: 4 dB

Transceiver power required = (24 + 4 – 26) = 2 dBm
	Gain : 27 dB

Post PA loss: 5 dB (because of quadplexer addition)

Transceiver power required = (24 + 5 – 27) = 2 dBm
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Figure 3: PA current comparison

For a 29 dBm PA, the output power at the PA has to increase by 1 dB and gain has to increase by 1 dB to ensure the same transceiver requirements. It is shown in Figure 3 that increased output power at the PA results in increased PA current. This will results in less talk time. It should be noted that higher output power at the PA implies high current throughout the whole TX dynamic range, not just at the maximum output power. This will cause significantly less battery life. The simulated PA current increase in Figure 3 only reflects the output power increase and could not reflect the gain increase in the PA due to the difficulty of modeling. Therefore, it is expected that the current increase in practice would be higher than the amount shown in Figure 3.
We look at the thermal effects at the maximum output power due to this increased PA size. The following is assumed:

· Battery voltage = 3.4 V

· Efficiency = 40% at maximum output power for both 28 dBm and 29 dBm PA

· Thermal effect is directly proportional to power consumption

Power consumption of 28 dBm PA is 1577 mW@28 dBm and power consumption of 29 dBm PA is 1985 mW@29 dBm. Therefore, we expect 25.8% (=(1985-1577)/1577) thermal increase at the maximum output power with the use of 29 dBm PA. Given that a smaller form factor UE becomes more and more popular, thermal effects should be considered as an important factor in phone design.
For talk time analysis, we use the commonly used profile (DG-09) shown in Figure 4 for averaging. However, it should be noted that data profile has more weight towards the maximum power.
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Figure 4: DG-09 power profile for talk time analysis

The assumptions used for talk time analysis are summarized as follows:

· 800mA is equivalent to 1 hour of talk time.

· Only PA current is taken into talk time.

The talk time is analyzed in two cases in Table 3: One is at the maximum power and the other is over DG-09 profile. In both cases, 29 dBm PA shows 20% shorter talk time compared to 28 dBm PA. 
Table 3: Talk time analysis

	PA size (dBm) 
	Max power current (mA) 
	DG09 averaged current (mA) 
	Talk time (hours) 

	
	
	
	@ Max power 
	Over DG-09 

	28 
	460 
	28.7 
	1.73 
	27.87 

	29 
	579 
	36.1 
	1.38 
	22.1 


4
Pros and Cons of Keeping Maximum Output Power
It seems that there is misunderstanding that keeping the maximum output power relaxation is always good for the system. The pros and cons of keeping the current UE maximum output power requirement is summarized below:
· Pros:

· Uplink coverage remains unaffected compared to the case when the UE maximum output power is slightly relaxed.
·  It should be noted however that this advantage lies in a small region where the UE transmit power lies between the relaxed maximum UE output power and the current maximum output power.
· Cons:

· Due to an increase in output power at the PA, the battery life in UE will be significantly reduced. It should be emphasized that this additional power consumption occurs regardless of the UE’s transmit power. Furthermore, the battery life of a dual band UE is already worse than that of a legacy single carrier UE.

· Higher thermal effects need to be addressed in the required form factor.
Unless the network utilizes the current maximum UE output power in cell planning, keeping the existing UE maximum output power requirement will jeopardize the UE battery life and thermal effects (i.e., small form factor) significantly.
5
Conclusions

This contribution has provided battery, thermal and talk time analysis due to the use of a higher power PA. We have shown that:

· Higher power at the output of the PA implies high current throughout the whole TX dynamic range, not just at the maximum output power.

· 25.8% thermal increase at the maximum output power assuming additional insertion loss of 1 dB.

· 20% shorter talk time assuming additional insertion loss of 1 dB.
Unless the network utilizes the current maximum output power in cell planning, keeping the existing maximum output power requirement will jeopardize the UE battery life and thermal effects (i.e., small form factor). Therefore, the requirements should be carefully set for each dual band scenario respectively.
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� It should be noted that there could be other variants in UE architecture to support dual band HSDPA operation. See [1].


� For the band combination using a quadplexer, the duplexer becomes the part of the quadplexer.
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