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RF aspects for Dual Carrier in uplink
1. Introduction

A high penetration of camera phones has set market demand for uplink improvements in the GERAN evolution. In addition to dual symbol rate also dual carrier may be considered for uplink [2]. This paper presents some RF aspects for dual carrier in uplink.  It is proposed to include these findings to the feasibility study.
2. RF Architecture options
Dual carrier requires duplication of the whole TX path e.g. from DSP to PA including own VCOs for both carriers. The architecture for a Dual Carrier RF in UL could be based on the following options:

A) Combined single carrier transmitters with single antenna 

B) Single carrier transmitters with separate antennas

A wideband multicarrier transmitter with single antenna architecture option may be less likely and thus not studied here, because it  may be challenging to keep intermodulation (IM) products below about -70dBc level, especially at higher (>6MHz) offsets. Also, TX bandwidth may be limited by DAC or used PA linearization technique. Efficiency may also be worse than with a single carrier transmitter. 
3. Combining loss

With single antenna option A) a combiner is needed. Insertion loss of hybrid combiner is about 3 to 3.5dB, and that loss should be included to the RF loss budget in the architecture option A).  
4. Intermodulation (IM)
Intermodulation products, due to various mechanisms are a challenge for systems with multiple carriers. Good isolation between transmitters is essential to avoid IM products. In this paper so called reverse intermodulation is assumed to have highest IM contribution.
Typically 3rd order IM results are dominating and those fall to the frequencies 2 x f1- f2 and 2 x f2 - f1, where f2 - f1 are carrier frequencies. Other products than 3rd order IM products may also exist.  

IM products may reduce link and system performance in uplink; furthermore IM products falling to receiving band of MS may block adjacent MSs to perform DL reception. 
4.1 Reverse Inter Modulation (RIM)
Reverse intermodulation products are generated in the transmitter by wanted signal and external signal coming to transmitter’s output port e.g. from an adjacent transmitter. Typically the reverse IM is tested at -40dBc level of external signal thereby indicating needed level of isolation between transmitters. With that 40dB isolation it’s likely possible to obtain about -70dBc IMD levels, e.g. to meet current spectrum due to modulation limits at > 6MHz offsets. 
The needed isolation may be reduced by amount of antenna isolation in case of architecture option A) and by amount of antenna return loss in case of option B).  It need to be noted that e.g. a hand on top of the MS antennas may reduce the obtainable antenna isolation e.g. to a level of 6..12dB and also reduce the antenna return loss e.g. to a level of 6..12dB. Thus additional isolation requirements are likely about the same >35dB for both options with the same susceptibility of transmitter for reverse IM. 

4.1.1 Isolators

This ~35 dB isolation requirement between transmitters should be taken into account with both architecture options A) and B).  It would mean e.g. to use isolators at the transmitter output.  Isolators are narrow band devices, thus multiband MS should have separate isolators on each band. Furthermore 2 or more isolators may be needed in series because one provides typically about 15 to 20dB isolation. These isolators introduce also insertion loss e.g. 0.25dB per isolator. So triple band MS and dual carrier transmitter MS would need 12 isolators.
4.1.2 RX band rejection of TX filter

Assuming IM level of -70dBc and spurious requirement of <-79dBm at 900 RX band and assuming also that number of allowances (5) up to -39dBm is exceeded with frequency hopping, the TX filtering of dual carrier transmitter with 27dBm output should have ~37dB rejection at RX band. This may not be obtained by existing TX filtering. Improving of filtering may increase size and insertion loss of filter. Indeed this filtering requirement should be fulfilled by both TX filters with architecture option B). The insertion loss of such a TX filter could be e.g. 2 to 4 dB higher than with existing filtering. Triple band MS would likely to have a bank of these filters.
5. Decreased efficiency due to reduced output power

The efficiency of a transistor gets smaller when a smaller part of the supply voltage is used for the actual signal. Thus the efficiency of the PA is reduced due back-off. It’s assumed that dual carrier transmitter should not have higher total transmitter power than single carrier transmitter. This will introduce 3dB back-off which may cause about 50% increase in the peak power consumption [2].
6. Peak power consumption
The efficiency of MS transmitter has high impact on the MS design, e.g. in size and battery life.  It needs to be noted that the whole TX path need to be duplicated, and not only PA, which may further increase power consumption and also in idle mode. In Table 1 power peak power consumption for options A) and B) are compared. The effect of reduced TX power due to dual carrier e.g. 3dB reduction may increase peak power consumption by 50% [2] is included to the last row of the table. 
Table 1 Increase in power consumption due dual carrier transmitter (FFS)
	Item
	Dual Carrier 

option A)
	Dual Carrier 
option B)

	Combiner Loss
	3.5 dB
	0

	Loss due to isolators
	0.5 dB
	0.5 dB

	Loss due to additional TX band filtering
	2 dB
	2 dB

	Total loss
	6 dB
	2.5 dB 

	Increase in peak power consumption due to losses
	298%
	78%

	Total increase of peak power consumption
	497%
	167%


It needs to be noted that insertion losses would increase peak power consumption also for normal single carrier voice, if e.g. some by-pass switches, which need to have sufficient IM properties, low loss and fast enough to be switched during guard periods for DTM are not used. 
7. Throughput
Throughput comparison between single and dual carrier is made with the same total TX power. A throughput comparison with equal power consumption would be interesting too. Cell border and median are marked to the plot as vertical lines. Interleaving was assumed normal, because inter-carrier interleaving may not be HW compatible with all legacy BTS transceivers. The figure shows performance for 1 slot, but difference remains the same for different multislots.
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Figure 1 Throughput versus RX-level for Dual Carrier
As a result Dual carrier is not bringing any coverage gain at cell border.  Indeed spectral efficiency is not improved by dual carrier.
8. Conclusion
The following conclusion can be made for Dual Carrier in UL:
· Sufficient isolation between transmitters is needed to reduce IMD

· Improved RX band rejection to TX filtering is likely needed due to IMD 
· Power consumption may be significantly increased due to insertion losses

· Increase in insertion loss may increase power consumption also for voice 
· Dual carrier in uplink does not provide coverage gain at cell border

Thus dual carrier in uplink has high impact to the MS implementation compared to benefits e.g. no spectral efficiency gain or throughput improvements at cell border in uplink.
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