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1 Introduction
HD-FDD has been discussed for LTE for it would simplify UE implementation considering
· challenging duplex arrangements in some bands, like UMTS3500 FDD

· fragmented band plans within the IMT-A allocation, e.g. the bands below 862 MHz (Digital Dividend)
In this companion document to [1] we discuss some of the virtues of HD-FDD.
2 UE front end
The advantages of HD-FDD are

· no need for duplex filters duplex since no simultaneous transmission and reception; the UL/DL pairing can be fully flexible,
· receive filter then dimensioned by OOB blocking, and different radio access technologies can share filters without any  sensitivity impact,
· transmit filters are dimensioned by spectrum emissions only.
A typical radio front-end architecture of today supporting 4 GSM and 4 WCDMA could look like that depicted in Figure 1.
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Figure 1 Typical architecture supporting multi-band WCDMA and GSM.
The architecture above could support any four WCDMA bands. To reduce the number of receive filters (upper right in Figure 1) WCDMA and GSM must share some bands, and this may penalize the sensitivity for GSM (like for Type 2). On the transmitter side one could reduce the number of PA by using multi-mode amplifiers, but the number of duplexers must still be retained and switches introduced (adds insertion loss) at the output of the multi-band PAs each of which would feed a number of duplexers. 

Now, supposing that HD-FDD was available also for WCDMA (an example here, shares bands with LTE) in many bands, the architecture could be simplified: the duplex filters can be removed. The receive filters will now be dimensioned by the out-of-band blocking requirements (not the same stop band requirements as the desensitization of a receiver due to duplex) instead and bands can be combined without any sensitivity degradation. On the transmit side the filters at the PA output now have to suppress harmonics only (low-pass) and there will be a lower insertion loss which is beneficial for power efficiency.
If we make the assumption that HD-FDD would be available in all bands then the architecture could look like that in Figure 2, which could support 6 WCDMA and 4 GSM bands. The five RX filters support e.g. the 850, 900, 1800, 1900 and 2100 MHz ranges, and two TX chains are employed for supporting “low” and “high” frequencies. 
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Figure 2 An example HD-FDD architecture
HD-FDD will most likely be band specific, but simplifications like the above could still be made for a group of bands. This would be particularly useful in frequency ranges where there is a risk of band plan fragmentation like the bands above 3400 MHz or below 862 MHz (analogue TV bands now allocated for IMT-A). For then the UL/DL pairing can be flexible. 
3 Fragmented band plans
HD-FDD could also reduce the filter complexity in bands where many different duplex arrangements may appear. In the example below we consider the band 790-862 MHz which was allocated to IMT-A by WRC-07. Some possible bands plans developed by ECC/TG4 (a CEPT task group) are shown in Figure 3. Band plans may be implemented in different ways in different countries and may therefore require several duplexers in a UE if FD-FDD is the only option. 
HD-FDD in this frequency range could probably do with a single TX chain, and several receive bands could be combined subject to out-of-band blocking requirements.
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Figure 3. Possible band plans for the 790-862 MHz band.

UE-to-UE interference could be an issue that should be studied for HD-FDD. Note also that the UL/DL bands are swapped as compared to the usual case, which is due to coexistence with broadcast (larger separation between UE TX and the broadcast bands below 698 MHz).

TDD could of course also be used across the entire band.
4 Conclusions
HD-FDD can reduce UE complexity by
· remove the need for duplexers
· allow flexible UL/DL pairing and RX band combinations without loss of sensitivity

· reduced number of transmit chains by using multi-band PAs

· simplified filter arrangements for fragmented band plans

The flexible band plans that may appear in e.g. UMTS3500 and the old TV bands suggest that HD-FDD should at least be band specific. 
Finally, for many bands, the losses in the transmitter and receiver chains will be lower without duplexers, which is beneficial for coverage.
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