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Dual carrier on the uplink – RF measurements

1. Introduction

Dual carrier on the downlink was already agreed as a work item for GERAN evolution at GERAN#28. Dual carrier on the uplink is proposed as a possible corresponding improvement to the uplink [1]. However, there were concerns regarding the MS RF aspects of the implementation of dual carrier on the uplink [2] [3]. This paper shows the intermodulation products measured on an EDGE MS simulating a second uplink carrier.

2. Measurement setup

All the measurements are made with an EDGE mobile station module. Three different setups shown below are used for the measurements. The interference signal is generated using a separate signal generator. At this point a continuous wave signal is used to simulate the interference signal from the other antenna. An isolator is used to shield the signal generator from the output of the EDGE module. The insertion loss of the isolator and the power divider were taken into account while measuring the levels of intermodulation products. The spectrum analyser is always shielded from the carrier using a notch filter at the carrier frequency and in order not to exceed the dynamic range of the spectrum analyser an additional 6 dB attenuator is used and the insertion losses of these devices were also taken into account while measuring the intermodulation products. 

Common spectrum analyser settings

VBW = 100 kHz

RBW = 100 kHz

Span= 925MHz-960 MHz

Averaging over 50 Bursts

Setup 1: Used to measure only IM3
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Setup 2 Used to measure IM3 and IM5
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Setup 3 Used to measure IM3 and IM5
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The intermodulation products of 3rd (IM3) and 5th (IM5) order are of special interest here since they have high amplitudes. Note that the carrier frequencies selected for the signal (f1 – for the EDGE Module) and the interferer (f2 – SMIQ signal generator) are not consistent with the modified approach depicted in [1]. Hence some intermodulation products fall in downlink band. However, the idea here is to simply measure the levels of various intermodulation products. Hence, though IM3 falls in the downlink band in this case, the restrictions applicable for the emissions in uplink band (i.e. up to -36dBm allowed [4]) are used here and it is assumed that during practical deployment, the frequency span between the uplink carriers is chosen as stated in [1] thus avoiding IM3 falling into downlink band. However it is expected that IM5 could fall in the downlink band in this case and hence IM5 measurement results are compared with the limit for the GSM900 downlink band (i.e. up to -79 dBm allowed [4]).

3. Analysis of IM3 measurements

The measurements shown in Figure 1 are made using setup 1. IM3 occurs at:

2 · 914.8 – 880.2 = 949.4 MHz.
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Figure 1: Measurements for IM3 in GMSK mode - f1 at 32 dBm – Setup 1
It can be seen from the figure that in order to satisfy the requirement for the IM3 falling in uplink band (i.e. < -36 dBm), the power of the interferer should be lower than -10dBm. Assuming the interferer power also to be 32 dBm, a total isolation of 32 dBm – (-10 dBm) = 42 dB is necessary. Assuming that an isolation of around 12 dB is possible with separate TX antennas [5], a further 30 dB isolation is necessary and hence two cascaded isolators are expected to be necessary for this purpose. (Each isolator is assumed to provide around 15 dB isolation. See Appendix). However, since the maximum GMSK output power in an uplink dual carrier configuration is proposed to be reduced to 29 dBm [5], less isolation would be sufficient.

Similar measurements are made also for 8PSK with the carrier signal (f1) at 27dBm. The results are shown in Figure 2. 
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Figure 2: Measurements for IM3 in 8-PSK mode - f1 at 27 dBm – Setup 1
It can be seen that for the interferer level at -10dBm, the generated IM3 is approximately -31dBm. Hence it is expected that a reverse intermodulation level from the interferer up to -15 dBm could be tolerated (giving an IM3 of -36 dBm which is the limit). Assuming maximum power for the interferer frequency (f2) i.e. 27 dBm, again the required isolation could be calculated as above: 
27 dBm – (-15dBm) = 42 dB. This again requires 2 isolators in cascade as highlighted above.

Thus it is expected that a total of 2 isolators are necessary to satisfy the current GSM uplink band requirements from the IM3 perspective.
4. Analysis of IM5 measurements

IM5 is investigated with both setup 2 and setup 3.

[image: image6]
Figure 3: IM5 Measurements for 8-PSK 27 dBm mode – Setup 2

For IM5, it is assumed that a level of up to -79 dBm is allowed (downlink band requirements). Since at approximately –2 dBm interferer level there is an IM5 of approximately –76 dBm (Figure 3), we can assume that up to –3 dBm for the level of interferer is acceptable. 


[image: image7]
Figure 4: IM5 Measurements for 8-PSK 27 dBm mode – Setup 3

Figure 4 shows for setup 3 (frequencies of EDGE MS and signal generator are swapped compared with Figure 3) that the IM5 product in the downlink band is slightly higher in this case, requiring the interferer level to be < -4 dBm. This means that it is necessary to have an isolation of 
27 dBm – (-4 dBm) = 31 dB. Clearly IM5 is less critical than IM3 and hence the two isolators used to avoid too high IM3 levels are expected to provide sufficient isolation for IM5 requirements in the downlink band as well. 
5. Analysis of IM2

There were concerns that there could be some impact of IM2 products from GSM900 band falling into the DCS1800 downlink band. Hence the impact of IM2 was also investigated. Setup 3 is reused for this purpose. Figure 5 shows the measurement results. 
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Figure 5: IM2 measurement for 8-PSK 27 dBm mode – Setup 3
At an interferer level of 10 dBm, an IM2 product (903 MHz + 880.2 MHz) was found at -69 dBm. At an interferer level of -13 dBm, this IM2 product has disappeared in the noise floor (-80 dBm). Thus it can be seen that IM2 is not critical. 
6. Conclusion
From the measurements, it can be concluded that IM3 is the critical intermodulation product for operation of uplink dual carrier. A total of two cascaded isolators are expected to be necessary to provide sufficiently low emissions in the TX and RX bands when two TX antennas are used. Avoiding IM3 in downlink band is necessary as confirmed by the measurements in this contribution and hence the frequency allocation as shown in [1] is recommended to be used for uplink dual carrier transmission. 

It should be noted that the isolators are always present in the TX paths and hence could lead to undesirable power efficiency loss for single carrier mode of operation thus leading to reduced talk time even when dual carrier operation is not in use. If talk time in single carrier mode is of priority then, it is recommended that switches are used to bypass the isolators in single carrier mode. The technology used for duplexer switch used to switch between TX and RX at the antenna is expected to serve this purpose. Two switches are expected to be necessary for this purpose. It is expected that the insertion loss of each switch in the TX path in single carrier mode is less than 0.5 dB. 

It should be noted that all the above measurements are done using existing PA technology. Custom designed PAs for the purpose of reducing the reverse intermodulation products are expected to yield better results, which would allow for an even lower isolation between the antennas. 
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Appendix
Isolator characteristics
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Figure 6: Example isolator characteristics – Source: MURATA – 
Part no: CES301G76CCB000
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