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1
Introduction

In this contribution we propose minimum performance requirements for the reference sensitivity for the E850 upper sub-band. Draft CRs for TS 25.101 and TS 36.101 are attached. We also discuss typical performance for other operating bands covered by this sub-band. The analysis is based on the averaging (or interleaving) experienced for the reference measurement channels used in the test case first discussed in [1]. 
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Reference sensitivity: Band 5 or Band 8 performance?
We begin by comparing filter traces for Band 5 and (provisional) for the E850 upper sub-band. The minimum performance is largely governed by the filter behaviour at the operating band edges: the slopes of the filter traces are steeper at the corners of the extended band with its larger passband and smaller duplex gap. The performance in for mid channels will be better, e.g. for channels within Band 19 that is located in the sweet-spot of the extended filter. Figure 1 shows a comparison between simulated receive filter responses for Band 5 and the upper sub-band of E850 (FBAR) at 25 C. Approximately ±2 MHz should be allowed for process variations temperature variations across -15 to 85 C. 
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Figure 1: FBAR filter responses for Band 5 and the E850 upper sub-band.
We observe that the insertion loss at the band edges is up to 2 dB higher for the extended filter (across the temperature range), but that the insertion loss mid-band is similar. Hence it can be expected that the performance for e.g. Band 19 supported by a Band 5 duplexer will be the same if implemented with the wider filter. 
The corresponding results for SAW filter technology are shown in Figure 2: we make similar observations as for the FBAR technology although the difference in specified insertion loss is slightly smaller between the filters (the E850 traces are not optimized). 

[image: image2]
Figure 2: SAW filter responses for Band 5 and the E850 upper sub-band (10 dB/div and 1 dB/div on the left-hand side). 
Examples of specified data (minimum performance) from various filter vendors are given in Table 2. The key difference between the Band 5 and Band 8 performance is the insertion loss. The isolation at TX and RX is also different, this determines rejection of the transmitter blocker and the transmit OOBE. The difference in insertion loss is largest at the band edges as shown above, mid-band there are only differences of a few tenths of dBs. The specified insertion loss accounts for process variations and temperature variations causing frequency drift, and is determined by the attenuation across a range slightly wider than the nominal passband. 

Table 1: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	
	Vendor 1 (SAW)

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	
	Vendor 2 (SAW)

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIIII/8
	2.7*
	3.5
	55
	48

	
	Vendor 3 (SAW)

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIIII/8
	3.7
	3.5
	53
	46

	
	Vendor 4 (SAW)

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIIII/8
	3.0 (CW)
	3.5 (CW)
	50 
	42

	
	Vendor 5 (FBAR)

	814-849/859-894 MHz
	[4.0]
	[4.5]
	>55
	>50

	Band V/5
	[2.0]
	[2.0]
	>55
	>50

	
	
	
	
	


Most of the specified data suggests that Band 8 performance can be achieved if based on the insertion loss at the band edge. Table 2 shows the reference sensitivity as obtained by assuming Band 5 and Band 8 baseline performance, respectively. The method of calculation is described in the annex of [1].
Table 2: Reference sensitivity QPSK PREFSENS with different baseline performance

	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18/19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	Band 8 performance (Note 1)

	814-849/859-894 MHz
	-102.2
	-99.2
	-97
	-93.5
	-90.2 
	
	FDD

	
	Band 5 performance (Note 2)

	814-849/859-894 MHz
	-103.2
	-100.2
	-98
	-94.5
	-91.5 
	
	FDD

	Note 1:      Fmax = 12 dB (corresponds to NF = 12 dB not accounting for excessive transmitter noise) 
Note 2:      Fmax = 11 dB.



The 15 MHz results are conservative.  

The reference measurement channels for the REFSENS test case use the maximum transmission configuration for each bandwidth tested. For narrow bandwidths like 1.4 MHz the difference in actual sensitivity performance would vary significantly across the passband for the E850 passband for some filter implementations: the CW response of the filter would give an indication. However, for wider bandwidths there is an averaging effect due to the interleaving in the coding across the PRB. The spread-spectrum UTRA system also shows an averaging effect, some filter specifications are weighted by the UTRA RRC filter. This has an impact on the sensitivity performance.
For the larger E-UTRA the averaging effect is significant and will also lead to lesser differences between bands. To this end, we show simulations of decoding performance for edge channels for which the duplexer attenuates the edge PRBs gradually by a certain amount. The analogue filter is modelled by a 3rd order Butterworth filter for simplicity (the phase response not too far that of real duplexers for some operating bands). Figure 3 shows the CW response of a filter for the 5 MHz at the band edge, for carrier frequencies > 5 MHz from the edge the attenuation is normalised to 0 dB. Let us assume that 9 MHz on the abscissa in Figure 1 represents the actual band edge (1.0 dB CW attenuation).
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Figure 3: simulated RX duplexer response with 1.0 dB CW attenuation at band edge (9 MHz).
Now, if a 10 MHz carrier is allocated with the channel edge at 9.0 MHz, the CW filter response yields a 1.0 dB attenuation compared to mid-band. However, the difference in sensitivity performance for this edge-channel compared to a mid-channel (0 dB CW attenuation) is less than 0.2 dB. For the 5 MHz bandwidth, the difference is less than 0.3 dB. For a 1.4 MHz channel located at the edge, the difference is around 0.7 dB in this case: the performance is largely determined by the filter performance near the band edge for this smaller bandwidth. 
Figure 4 shows another filter implementation with larger difference between the mid-band and edge-band filter response: 2 dB at the 9 MHz. This yields a difference in sensitivity performance for the edge-channel compared to a mid-channel less than 0.3 dB for the 10 MHz channel and 0.5 dB for the 5 MHz channel. Comparing to the case above, the 5 MHz channel is more affected since lesser averaging effect (for the 10 MHz edge-channel, 50% of the RB(s) is not attenuated in relation to mid-band). The difference between the filter response in Figure 3 and Figure 4 mimics the difference between the Band 5 and Band 8 responses at the edge at 25 C.
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Figure 4: simulated RX duplexer response with 2 dB CW attenuation at band edge (9 MHz).
Taking this further, and increasing the edge attenuation to 3 dB at 9 MHz, we have the response in Figure 5. This yields a difference in sensitivity performance for the edge-channel compared to a mid-channel of about 0.5 dB for the 10 MHz channel and 1.0 dB for the 5 MHz channel. Comparing with the response in Figure 3, we note that an increase of the CW attenuation at the edge of 2 dB results in a difference in sensitivity performance of 0.7 dB for the 5 MHz edge-channel and 0.3 dB for the 10 MHz channel. The difference between the filter response in Figure 3 and Figure 5 mimics the difference between the Band 5 and Band 8 responses accounting for process and temperature variation.
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Figure 5: simulated RX duplexer response with >3 dB CW attenuation at band edge (9 MHz).
In Table 3 we summarize the results for bandwidths up to 10 MHz. 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.
Table 3: 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

	3
	2.2
	1.5
	1.0
	0.5


For the 3 MHz channel, there is a 1 dB difference between the cases in which there are 1 dB and 3 dB filter losses, which mimics the difference between a Band 5 and E850 upper sub-band filter accounting for temperature and process variations. Looking at typical REFSENS performance for Band 5, absorbing this 1 dB difference would imply a smaller implementation margin that would still be sufficient as compared to that of other operating bands.
It is noted that the above results only give an indication of the averaging effect at the edges of operating bands implemented with duplexers with very steep filter response near the band edge. We have only considered one type of filter response for our simulation. For most operating bands the response is more flat and the variation of the filter response within 5 MHz from the band edge is smaller than that in Figure 5. The larger bandwidths display 

· a beneficial averaging effect across variable insertion loss 

· but are more sensitive to transmitter noise due to the smaller TX-RX separation compared to the smaller bandwidths.

The reference sensitivity results for the upper-sub band will depend on whether Band 5 or Band 8 performance is taken as a baseline as shown in Table 1. In terms of the specified insertion loss in Table 2 and the filter responses in figures 1 and 2, the simulation results in Table 3 above suggest the following specification of the reference sensitivity for the E850 upper sub-band with its anticipated duplex filter response: 

· assume Band 5 performance as baseline for the 3, 5, 10 and 15 MHz channels (averaging effect but large impact of transmitter noise)

· assume the Band 5 requirement + 0.5 dB for the 1.4 MHz 
· Band V performance for UTRA
This obviously implies a smaller margin to the minimum requirements compared to an assumed Band 8 performance. However, for bandwidths smaller than 15 MHz, the margin for e.g. batch variations should still be sufficient also for the 3 MHz bandwidth. 
For the 15 MHz bandwidth we assume +2 dB compared to the proposed requirement in [2], i.e. -92.2 dBm as a tentative requirement. 

3
Performance for legacy bands in the frequency range

Next we consider the typical sensitivity performance for Bands 5, 18 and 19 if implemented by a E850 upper sub-band duplexer. For Bands 18 and 19 the filter response. For Band 18 achieving Band 1 performance may be challenging for the 5 MHz bandwidth with implementation, but 15 MHz there is significant averaging effect: the problem for the latter is the transmitter noise level as described in [2], not the insertion loss of the RX filter. For Band 19 we expect the same performance as an implementation using a Band 5 filter (Band 19 in the sweet spot of both Band 5 and the wider E850 filter).
Similarly, for Band 5, and particularly for FCC Block A+B holders in the US, there is a small if any difference according to Figure 6 below: of the order of 0.1 dB for Block A+B holders. 


[image: image6]
Figure 6: difference between Band 5 and E850 of the order of 0.1 dB for Block A+B holders.
4
Proposal
For E-UTRA, we propose the following minimum requirements for the upper sub-band:
Table 4: Reference sensitivity QPSK PREFSENS with different baseline performance

	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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	
	Proposed performance

	814-849/859-894 MHz
	-102.7
	-100.2
	-98
	-95
	[-92.2]
	
	FDD


For UTRA the performance for the upper E850 sub-band is proposed to be the same as for Band V: 
Table 5: Test parameters for reference sensitivity

	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	V
	dBm/3.84 MHz
	-115
	-104.7

	VIII
	dBm/3.84 MHz
	-114
	-103.7

	814-849/859-894 MHz
	dBm/3.84 MHz
	-115
	-104.7


Draft CRs against TS 25.101 and TS 36.101 are attached in which the upper sub-band is designated as Band 26.
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