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1
Introduction
A WI to specify the AWS extension band was approved at RAN#67 [1]. UE REFSENS is one of the issues that need to be resolved during the WI phase. In this contribution, we discuss some different possible options to specify REFSENS.
2
Discussion

First, we look at the use of the spectrum within Band [66]. The paired part of the band 1710-1780/2110-2180MHz is an extension of Band 4. This paired part can support both  PCell and SCell operation, while 2180-2200MHz supports SCell operation to provide additional downlink radio resources in the band. As Band 4 is extensively deployed, it would be beneficial to maintain the Band 4 DL coverage at least for the new spectrum that can be used for PCell since this is used for maintaining the connection and for handover purposes. With this in mind, keeping the Band 4 UE REFSENS within 2110-2180MHz seems logical. 
The DL passband has been extended to be 90MHz in order to include the AWS-4 frequencies. This extended passband is possible to implement with current filter technology but at the same time it is recognized by filter vendors that, this is stretching the current state-of-art filter technology.  In order to facilitate development of 70 x 90 MHz filters (and multiplexers supporting CA), one option would be to consider certain relaxation of UE REFSENS at the highest frequencies that are used for SCell providing additional downlink capacity.  
Figure 2-1 shows the principle of the UE REFSENS specification previously explained. The relaxation in 2195-2200 MHz allows a shift of the filter characteristics towards the paired part 2110-2180 MHz and filter roll-off can be taken in the top part of the band.
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Figure 2-1: Principle of UE REFSENS specification 

Next, we consider actual filter traces obtained in FBAR technology. Figure 2-2 shows two different possible implementations of the DL filter of  90MHz passband. The marine graph corresponds to a design on which the IL is optimized for the paired part of the spectrum and the blue graph illustrates a centred filter without optimizing any particular part of the band. The graphs are presented at room temperature. Performance over temperature and manufacturing can be closely estimated by reading at a 5 MHz offset for a temperature range of -20 to +80 C. Comparing estimated IL over the temperature range, the centred IL  implies an IL of  2.2 dB across 90 MHz, whereas the minimized for legacy or optimized IL for the paired frequenciesimplies an IL = 2.0 dB in the paired part and IL = 2.6 dB in 2180-2200 MHz. The performance on the part of the band which supports PCell can be then improved at an expense of an increased 0.4dB IL at the top part of the band for this particular implementation.
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Figure 2-2: 90MHz DL filter traces for a centered IL impact (blue) and for an optimized IL within the paired part of the band (marine)
Filter data from the same vendor indicated that the maximum DL IL of currently shipped Band 4 duplexers is 2.2 dB (cobanded with Band 1 RX), whereas it is possible to obtain similar actual performance for a 2 x 70MHz filter (IL = 1.9 dB over temperature) using current technology. 

Optimization of a SAW filter would give different IL values but it is expected that the general behaviour would be the same as for FBAR.

Alternatively, a flat UE REFSENS could be specified across the 90MHz DL. However, this might also affect the Pcell coverage in the paired part of the band (due to higher IL in the band). Filter data comparing Band 4 with the 70x90MHz following the usually design methodology has already been reported in [2]. Table 2-1 includes the information in Table 8.1-4 of [2]. 

Table 2-1: Additional IL filter data for 70+90MHz band compared to Band 4
	
	
	Tx max(dB)
	Rx max(dB)
	Tx Iso min(dB)
	Rx Iso min (dB)

	Vendor A
	Band 4
	1.7
	2.2
	54
	50

	
	70x90MHz
	2.5
	3.5
	49
	50

	
	Degradation
	0.8
	1.3
	-
	-

	Vendor B
	Band 4
	1.8
	2.2
	55
	50

	
	70x90MHz
	2.9
	3.5
	55
	50

	
	Degradation
	1.1
	1.3
	-
	-

	Vendor C
	Band 4
	2
	2.5
	55
	47

	
	70x90MHz
	2.5
	3.5
	53
	45

	
	Degradation
	0.5
	1
	-
	-

	Vendor D
	Band 4
	1.8
	1.8
	60 (typical)
	60 (typical)

	
	70x90MHz
	2.2
	2.5
	60 (typical)
	60 (typical)

	
	Degradation
	0.4
	0.7
	-
	-


From the above table, an average IL of 0.7dB in the TX and 1 dB in the RX can be calculated. This means that REFSENS may need certain relaxations. 

3 Conclusion 
It this contribution, the specification of UE REFSENS is discussed. Two possibilities have been presented. It has been shown that filter technology to keep Band 4 UE REFSENS within 2110-2180MHz and also to keep this REFSENS within the largest part of the SDL spectrum  is available. A relaxation is, however, is needed for carriers at the highest part of the band. Alternatively, a flat degradation, based on standard filter design can be applied. This would imply a lower REFSENS for the complete Band 66 compared to Band 4
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