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1 Introduction
In this contribution we propose reference sensitivity requirements for E1900 band (Band 25) based on the interleaving or averaging method as used in [1] for the E850 band (Band 26). We begin by discussing duplex filter performance for Band 25 and possible impact on reference sensitivity of additional rejection requirements of S-band (Band 23) interferers; the proximity between these bands is shown in Figure 1. 

[image: image8.bmp]
Figure 1: Band 25 and S-band coexistence scenario.
S-band blocking signals may impose additional stop-band requirements for Band 25 duplexers with an impact on insertion loss.

2 Filter impact on sensitivity
The adoption of Band 2 performance for the E1900 reference sensitivity requirement has been discussed in several contributions based on available duplexer data (see e.g. [2] for a comparison and summary of various duplexer data). Upon comparing Band 2 and Band 25, similar mid-band insertion loss for the receive path may be within reach. However, it is important to consider the filter characteristics at the edges of the two bands due to
· the wider passband of Band 25 and smaller duplex gap

· the proximity to the Band 23 transmit band and potential need for additional duplex filter rejection of S-band interferers. 
The latter might also necessitate a steeper receive filter response, not only for Band 25 devices, with regard to strong blockers in the lower part of the S-band in the range 2000-2010 MHz. Additional stop band requirements in this range would influence the passband response and thus the reference sensitivity performance. Already for Band 2 with its 10 MHz guard, provisional coexistence studies in [3] indicate that the in-band blocking performance must be significantly better than the minimum requirements (order of 10 dB) to ensure coexistence. Taking the filter characteristics and minimum requirements for any legacy PCS1900 as a starting point, the smaller guard band for Band 25 devices could ask for a different optimization of the duplexer design to achieve additional rejection of S-band blockers. 
It appears reasonable to leave some room in the minimum requirement of the Band 25 reference sensitivity in order to allow optimization of blocker rejection but without undue impact of the insertion loss. Performance for the smaller bandwidths will be more sensitive to the edge behaviour of the duplex filter, whereas the wider bandwidth can exploit the typical mid-band behaviour due to the interleaving effect described in [1]. 

The method proposed in [1] for the E850 (Band 26) upper sub-band and its relation to Band 5 performance can also be applied to the E1900 band and its corresponding relation to Band 2 performance. But first we look at provisional filter traces for a Band 25 duplexer and briefly check the emission from an S-band interferer. 
2.1 Duplex filter characteristics

2.1.1 FBAR Band 25 response and comparison to Band 2

Figure 2 shows typical filter traces for a PCS1900 product (blue curve) and a simulated Band 25 duplexer (red curve) from antenna to Rx at room temperature. It is emphasized that the Band 25 characteristics is optimized to achieve similar insertion-loss performance as Band 2 without account of possible additional rejection requirements within the S-band.
[image: image2.emf]
Figure 2: attenuation from antenna to RX for PCS1900 (blue), Band 2, and Band 25 (red).
To account for temperature variation, a 2 MHz allowance at either end is made, which implies a 3.5 dB maximum attenuation attained at the lower edge for Band 25, about a +1 dB difference to PCS1900 for the simulated characteristics. However, this may still not be significant for a final product: the particular simulation merely illustrates the effect of steeper edge responses of the Band 25 filter.
The TX rejection for PCS1900 and that of Band 2 are shown in Figure 3. We note that the rejection is > 50 dB. 

[image: image3.emf]
Figure 3: TX rejection for PCS1900 (blue), Band 2, and Band 25 (red).
2.1.2 SAW for Band 2
Figure 4 shows the filter trace for a commercial PCS1900 SAW filter for comparison: this filter does not provide the same steepness at the band edge. The specified insertion loss is 4 dB.
[image: image4.emf]
Figure 4: PCS1900 RX duplexer for 1.25 MHz bandwidth system, the lower curve with a higher resolution on the ordinate.
2.2 S-band interference
The emission spectrum for an S-band LTE interferer that just meets the minimum requirement on LO leakage and IQ imbalance is shown in Figure 5 for two 25 PRB allocations at full power in the lower and upper part of a 10 MHz channel, respectively. Any additional attenuation of a Band 23 TX duplexer is not accounted for, but this would only primarily reduce the out-of-band emission.
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Figure 5: emissions from an S-band (Band 23) interferer in 2000-2010 MHz.

Looking at the Band 25 FBAR response in Figure 2, we observe that a blocker corresponding to the upper 25 PRB allocation would be significantly attenuated by the duplexer across the entire temperature range, only the lower 25 PRB allocation may require additional rejection. However, the legacy SAW filter for Band 2 provides very limited attenuation across 2000-2010 MHz (but a 10 MHz guard). 
3 Interleaving (averaging) effect for larger bandwidths
The minimum requirements for reference sensitivity should be independent of the duplexer technology and that is supplied by multiple vendors. Regardless of technology, a filter design with steeper filter response as required by the wider Band 25 passband or a potential need for additional rejection of Band 23 blockers would be facilitated by allowing a larger insertion loss at a possible expense of the reference sensitivity. Band 25 roaming into legacy Band 2 should, on the other hand, supply similar performance under noise limited conditions. This can be addressed by considering the interleaving effect just as for the E850 band, see [1] for more details. 
The result of the interleaving for the reference-sensitivity measurement channels is that for that narrow bandwidths like 1.4 MHz, the difference in actual sensitivity performance can vary significantly across the passband of the duplexer, the CW response of the filter would give an indication, whereas for wider bandwidths there is an averaging effect due to the interleaving in the coding across the allocated PRB. The typical performance more representative of mid-band is thus exploited for these wider bandwidths. From the FBAR results in Figure 2, we observe that the mid-band performance of the PCS1900 and that of the Band 25 are the same across the temperature range (possibly for the whole passband if no optimization for S-band rejection is required), so specifying Band 25 reference sensitivity assuming Band 2 performance could be within reach for the widest bandwidths. The spread-spectrum UTRA system also shows an averaging effect, some filter specifications are weighted by the UTRA RRC filter. 

To assess the impact of different filter roll-off on Band 25 reference sensitivity we pick some of the generic simulation results from [1], based on representing the receive duplex filter by a 3rd order Butterworth filter. Figure 6 shows the CW response of a filter for the 5 MHz region at the band edge with different roll-off; for carrier frequencies > 5 MHz from the edge the attenuation is normalised to 0 dB. We assume that 9 MHz on the abscissa represents the actual band edge, the CW attenuation at the edges are 1 dB (left) and 2 dB (right) for the traces shown.
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Figure 6: simulated RX duplexer response with a CW attenuation of 1 dB (left) and 2 dB (right) CW at the band edges at 9 MHz.

Let us assume that the response on the left-hand side of Figure 6 with 1 dB CW response (with regard to a 0 dB reference representing “typical” insertion loss) represents the roll off at the band edge for a Band 25 duplexer of any applicable filter technology across the temperature range; the FBAR example for PCS1900 in Figure 1 displays a similar behaviour looking 2 MHz outside the passband. The response on the right-hand side with increased CW attenuation at the edge (2 dB) mimics the steeper response for the wider Band 25 passband and smaller duplex gap, or additional rejection requirements needed above 2000 MHz. 
The impact of the filter responses in Figure 6 on the reference sensitivity is summarized in Table 1. The entries are the difference in reference sensitivity performance when a channel bandwidth (the nominal) is allocated at the edge of a filter with the given band-edge attenuation (CW filter loss at band edge) compared to that achieved mid-band as represented by 0 dB CW attenuation representing “typical” performance.

Table 1: relative sensitivity performance for different bandwidths compared to mid-band

	CW filter loss at band edge  (dB)
	1.4 MHz
(dB)
	3 MHz
(dB)
	5 MHz
(dB)
	10 MHz
(dB)

	1
	0.7
	0.5
	0.3
	0.2

	2
	1.5
	1.1
	0.7
	0.4


We note that the increase of the CW attenuation at the edge corresponds to a significantly smaller increase for the 10 MHz bandwidth, while there is significant increase for the 1.4 MHz. This suggests that the reference sensitivity for Band 25 could be specified with Band 2 performance for the larger bandwidth, whereas a correction is needed for the smaller bandwidth similar to the E850 case (Band 26) in [1]. Taking the difference between the results in Table 1 to mimic the difference between Band 2 and Band 25, the simulation results suggest the following specification of the reference sensitivity for the Band 25,
· the Band 2 requirement + 1.0 dB for the 1.4 MHz; 

· the Band 2 requirement + 0.5 dB for the 3 MHz 
· Band 2 performance as baseline for the 10, 15 MHz and 20 MHz channels (averaging effect but large impact of transmitter noise);
· Band V performance for UTRA, or a < 0.5 dB correction as suggested for E-UTRA in Table 1,
across the ETC temperature range.

4 Proposed requirements for E1900 (Band 25)
The proposed requirements for E-UTRA are shown in Table 2 using a 0.5 dB granularity for corrections with regard to Band 2 performance. The proposed UTRA requirements are shown in Table 3.

Table 2: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	…
	
	
	
	
	
	
	

	25
	[-101.7]
	[-99.2]
	[-98]
	[-95]
	-93.2
	-92
	FDD

	…
	
	
	
	
	
	
	

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5



Table 3: Test parameters for reference sensitivity, minimum requirement
	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	II
	dBm/3.84 MHz
	-115
	-104.7

	XXV
	dBm/3.84 MHz
	[-115]
	[-104.7]

	NOTE 1
For Power class 3 and 3bis this shall be at the maximum output power

NOTE 2
For Power class 4 this shall be at the maximum output power




Comparing to the E850 case in [1] we propose corrections for both the 1.4 and 3 MHz bandwidths; the margins to the minimum requirements are smaller in general for Band 2. For some implementations, provisional simulations of duplexer performance indicate no degradation of insertion loss for low-, mid- and high band for the E1900 filter compared to PCS1900 (Band 2).
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