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New Duplexer for Type 2 MS
1 Motivation

There is some interest in the possibility of a full duplex GSM MS [1] and [2], but it is difficult to design a compact low-loss duplexer. The only 10 MHz wide guard band of EGSM900 requires a filter with very high selectivity, and this implies high insertion loss for a given size of the duplexer. 
In this contribution, an alternative way of realising a full duplex architecture for GSM terminals is highlighted. The principle is explained in the following with the example of EGSM900. However the concept is also applicable to other GSM bands. Note that the relationship between the guard band width and the carrier frequency which has an impact on the complexity of the duplexer design is similar for DCS 1800 or PCS1900.

Concept Description

We propose a solution to this problem for a single carrier MS based on dividing each frequency band into segments and providing a separate duplex filter for each segment.
For example, if the receive/transmit band is divided into two equal sub-bands then each duplexer will have a passband which is only half as wide, and a guard band which is increased by half the passband width. Therefore it can be implemented with a relatively simple filter design which will have very much reduced insertion loss. Extra signal routing switches are needed, but these do not add much loss [2].
Figure 1 and Figure 2 below show an EGSM900 example:
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Figure 1: Block diagram of new duplexer architecture
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Figure 2: Frequency plan of new duplexer (EGSM band) 
A further split into more than two sub-bands allowing for even larger transition bands could also be investigated depending on the overall complexity of implementation.
2 Insertion loss and size of the duplexer
A lower insertion loss can be achieved since the transition band slope of each of the duplex filters does not need to be as steep as in the case of a duplex filter covering the whole band. Each of the new duplex filters needs fewer resonators than a conventional duplex filter. However, the total size may not decrease because the number of duplex filters doubles. This also depends on the size of individual duplex filters and this aspect is for further study. 
3 Standards impact
There may be a need to change 45.002 annex B1 because the new technique can only support full duplex operation if the uplink and downlink channels are in the same half of the band. A problem will arise if the MS has to monitor a channel in the lower downlink half band (Duplexer 1 RX in Figure 2) at the same time as transmitting in the upper uplink half band (Duplexer 2 TX in Figure 2). To allow that the MS monitors all downlink channels with full sensitivity, there should be a point in time in every TDMA frame in which the network neither assigns an uplink nor a downlink slot – at least if the Tx channel is in the upper half of the Tx band.
4 Conclusion
We have described a new type of duplex filter which eases the implementation of a full-duplex MS by reducing the duplex filter's insertion loss. The impact of the proposed duplex filter on the standard is believed to be minimal. An MS with this kind of duplex filter could support up to seven uplink and downlink slots respectively.
If there was still a problem to reach the required sensitivity performance, a slight relaxation of Rx performance requirements should be considered for full-duplex MS. This would be particularly justified for the sensitivity requirements of full-duplex MSRD terminals whose gain from the second antenna would certainly more than compensate any desensitisation from the full-duplex operation.
It is proposed that the contents of this paper are captured in the GERAN Evolution Feasibility study document. A corresponding CR to 45.912 is also submitted [3]. 
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