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Updates to uplink dual carrier

1. Introduction

At GERAN#29, measurement results for uplink dual carrier were shown and it has been shown that to satisfy the requirements for emissions in TX and RX bands two isolators are needed in series in the TX paths of an uplink dual carrier mobile with two PAs [2]. In this contribution, a possible architecture for the new dual carrier mobile stations is shown with an option to bypass the isolators in one TX path when in single carrier mode, thereby minimizing the impact on the talk time in single carrier mode. 

2. TX architecture

Figure 1 below shows the proposed TX architecture of the dual carrier mobile. 
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Figure 1: Architecture of uplink dual carrier mobile

Notes:
Only a single band is shown in the above figure for the sake of simplicity. Additional switch positions at the antenna switchplexer could be used for inputs/outputs of other bands.


This diagram shows transmitters using direct modulators, but a polar architecture is possible, too.

As can be seen, the isolators in the lower TX path could be bypassed during single carrier mode using a switch. It is expected that the insertion loss of such a switch is in the order of 0.5 dB [5]. As the switch is the only additional component present in the TX path, reduction in talk time because of the switch is expected to be only around 10% which is reasonably low. 

If having two TX antennas is of concern and TX power of the MS in dual carrier mode is not critical, a design with only one TX antenna can be used. In this case, the signals are combined after the isolators and before the TX antenna which would introduce a combiner loss around 3dB in dual carrier mode. The combiner could also be bypassed together with the isolators in a similar way as shown in Figure 1 and the talk time in single carrier mode will be the same as for the design shown in Figure 1.
3. Throughput in coverage limited scenario

In this section the median uplink throughput (at received signal level of -98 dBm) as a function of the number of uplink time slots is compared for single carrier EGPRS and dual carrier EGPRS mobiles. For this purpose, the link level throughput curves shown in [3] are used. 

It is assumed that the mobile station follows a multi slot power reduction according to   MULTISLOT_POWER_PROFILE 3 [4]. 

From Figure 1, it can be seen that the total insertion loss during dual carrier mode is not same in the two TX paths. This is because in the upper TX path, dedicated for uplink dual carrier, there is no additional switch. Hence assuming that each isolator has an insertion loss around 0.8 dB [6] and that the switch has an insertion loss of 0.5 dB we conclude the following:

· Insertion loss in the upper TX path, used only during dual carrier mode = 0.8 + 0.8 = 1.6 dB (path 1)

· Insertion loss in the lower TX path, reused for single carrier mode = 0.5 + 0.8 + 0.8 = 2.1 dB (path 2)

It should be noted that the output power reduction caused by the insertion losses is inside the allowed tolerance for 8-PSK (±3 dB in low band). Hence the nominal output power of 27 dBm in low band can still apply.

The following formulae based on [4] are used according to MULTISLOT_POWER_PROFILE 3 to calculate the actual output power depending on the number of timeslots and the respective insertion loss:

Output power for normal EGPRS = min (27, [27 + 6 – 10*log10(#Timeslots)]) dBm

Output power for the TX path1 =     min (27 – 1.6, [27 + 6 – 10*log10(#Timeslots)]) dBm

Output power for the TX path2 =     min (27 – 2.1, [27 + 6 – 10*log10(#Timeslots)]) dBm

The throughput as a function of the number of used timeslots is shown in Figure 2 below. 
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Figure 2: Throughput of dual carrier and single carrier EGPRS mobiles as a function of the number of uplink timeslots under coverage limited conditions

4. Conclusion

The proposed architecture for an uplink dual carrier mobile provides almost normal talk time in single carrier mode. 

It can be seen that even under coverage limited conditions, very high uplink throughputs can be achieved, and at the same number of uplink slots, the throughput is almost as high as with a single carrier EGPRS MS. 

It is proposed to include sections 2 and 3 of this contribution in the feasibility study document.
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