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1 Introduction
At the RAN4#72Bis the reference sensitivity for low complexity Category 0 MTC UE’s was discussed from a perspective of both the implementation of HD-FDD and a single receive chain but no consensus have been reached. In this contribution we will investigate the HD aspect.

2 Discussion

FDD LTE half duplex (HD) implementation differs from FDD LTE full duplex (FD) in the sense that the transmitter and receiver are not active at the same time. Therefore the TX filter could be relaxed since it doesn’t need to protect TX leakage to its own receiver. The receiver, however, still need to meet the out of band blocking and thus needs a filter with comparable performance, usually a SAW or a BAW filter. Please refer to the filters used for diversity path. A simplified block diagram of a possible implementation of a FDD FD front-end is depicted in figure 1. The corresponding FDD HD front-end is depicted in figure 2. A two-band low cost MTC UE has been chosen in this example. 
Figure 1 Simplified block diagram of a 2-band LTE FDD FD front-end
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Figure 2 Simplified block diagram of a 2-band LTE FDD HD front-end
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Filter data comparison
Filter data for some commercially available SAW filters and SAW duplexers suitable for mass production in a low cost MTC UE is shown in Table 1 below. 
Table 1: Typical SAW and duplexer filter data
	Insertion loss
	B3 SAW RF filter
	B3 SAW duplex filter
	B8 SAW RF filter
	B8 SAW duplex filter

	Vendor A
	2.4 dB
	2.7 dB
	2.2 dB
	2.5 dB

	Vendor B
	2.5 dB
	- -
	2.2 dB
	2.4 dB

	Vendor C
	2.2 dB
	3.0 dB
	1.6 dB
	1.9 dB

	Average
	2.4 dB
	2.9 dB
	2.0 dB
	2.3 dB

	Difference
	Approximately 0.5 dB
	Approximately 0.3 dB


Observation #1
The difference in insertion loss between SAW duplex filters and SAW RF filters for bands 3 and 8 is in the order of 0.5 dB.

Impact of the antenna switch

In the HD design the RX and TX signals are separated by means of a switch rather than by a duplex filter as in the FD case (please refer to Figure 1 and Figure 2). Therefore, the number of outputs from the antenna switch is doubled (in case of single band implementation going from no switch to a SPDT). For high performance switches capable of handling high power the insertion loss of the antenna switch is in the order of 0.5dB. However, there is no significant difference in insertion loss between SPDT switches and SP4T switches (or in case of a 3-band UE between SP3T and SP6T switches). Thus for a 2-3 band MTC implementation there is no significant impact from the antenna switch going from FD to HD.

Observation #2
There is no significant impact from the antenna switch going from FD to HD in a 2-3 band MTC implementation.

Summing up contributions from the antenna switch and RX filters we can conclude that the difference in insertion loss between a typical FDD implementation with SAW duplex filters and a FDD half duplexer implementation with SAW RF filters for bands 3 and 8 is in the order of 0.5 dB

Observation #3
The difference in insertion loss between a typical FDD implementation with SAW duplex filters and a FDD half duplexer implementation with SAW RF filters is in the order of 0.5 dB

Considering the above 3 observations, we have the following proposal:
Proposal #1
For low complexity UEs in the Release 12 timeframe it is proposed that the REFSENS requirements for a single receive chain HD FDD low complexity UE is set as a 0-0.5 dB REFSENS tightening of requirements as for a single receive chain FD FDD low complexity UE

3 Conclusion

This contribution has analysed the impact of the RX filter and antenna switch in a FDD half-duplex low complexity UE implementation. 
Observation #1
The difference in insertion loss between SAW duplex filters and SAW RF filters for bands 3 and 8 is in the order of 0.5 dB.

Observation #2
There is no significant impact from the antenna switch going from FD to HD in a 2-3 band MTC implementation.

Observation #3
The difference in insertion loss between a typical FDD implementation with SAW duplex filters and a FDD half duplexer implementation with SAW RF filters is in the order of 0.5 dB
Proposal #1
For low complexity UEs in the Release 12 timeframe it is proposed that the REFSENS requirements for a single receive chain HD FDD low complexity UE is set as a 0-0.5 dB REFSENS tightening of requirements as for a single receive chain FD FDD low complexity UE
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