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1. Introduction 
In RAN4 meeting #52 at Shenzhen [1] proposed 5, 10, 15 and 20 MHz bandwidths for band 20 also called as EU800 or digital dividend band. Previous studies for REFSENS [2] indicated that the combination of small UL-DL separation of 41 MHz combined to large bandwidths of 15 and 20 MHz creates challenges that there has not been previously with other bands.
This document studies the effect of self desensitization for various UL allocations and what effect the modulator impairments have into that.
2. Discussion
2.1. Baseline REFSENS

By the measure of Relative Duplex Gap (Gap Width/Gap Centre Freq) Band 20 is 4th challenging band (B8 is 2nd) and by measure of Relative BW (Bandwith/Band Centre Freq) Band 20 is 3rd challenging band (B8 is 2nd) see the table below.
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1 EU/JP 1920 – 1980 2110 – 2170 -100 60 130 190 6.36 3.08

2 PCS/US 1850 – 1910 1930 – 1990 -98 60 20 80 1.04 3.19 4

3 DCS/EU 1710 – 1785 1805 – 1880 -97 75 20 95 1.11 4.29 4

4 AWS-I/US 1710 – 1755 2110 – 2155 -100 45 355 400 18.37 2.60

5 cell/US 824 – 849 869 – 894 -98 25 20 45 2.33 2.99

6 cell/JP 830 – 840 875 – 885 -100 10 35 45 4.08 1.20

7 LTE/EU 2500 – 2570 2620 – 2690 -98 70 50 120 1.93 2.76 4

8 EU 880 – 915 925 – 960 -97 35 10 45 1.09 3.90 4

9 JP 1749.9 – 1784.9 1844.9 – 1879.9 -99 35 60 95 3.31 1.98

10 AWS3/LTA 1710 – 1770 2110 – 2170 -100 60 340 400 17.53 3.45

11 PDC/JP 1427.9 – 1447.9 1475.9 – 1495.9 -98 20 28 48 1.92 1.39 4

12 Lower A-C/US 698 – 716 728 – 746 -97 18 12 30 1.66 2.55 4

13 Upper C/US 777 – 787 746 – 756 -97 10 21 -31 2.63 1.33

14 Upper D/US 788 – 798 758 – 768 10 20 -30 2.48 1.31

17 Lower B-C/US 704 – 716 734 – 746 -97 12 18 30 2.48 1.69

18 KDDI/JP 815 – 830 860 – 875 -97 15 30 45 3.55 1.82

19 DCM/JP 830 – 845 875 – 890 -97 15 30 45 3.49 1.79

20 EU800 832 – 862 791 – 821 30 11 -41 1.27 3.72 4?

21 Ext1500/JP 1447.9 – 1462.9 1495.9 – 1510.9 15 33 48 2.23 1.03

22 3.5GHz 3410 – 3500 3510 – 3600 90 10 100 0.29 2.60
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Table 1 E-UTRA band arrangement

First measurement results of B20 SAW technology Duplex filter indicate similar Rx insertion loss than B8 filters have. Results from multiple vendors should be obtained to guarantee that multi sourcing is possible. FBAR type of filters typically has slightly lower Rx insertion loss than SAW type filters.
Based on the issues presented above following REFSENS figures are used as a baseline in this study.

	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)

	-
	-
	-97 
	-94
	-92.2
	-91


Table 2 Baseline REFSENS
Table 7.3.1-2: Minimum uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	[20]
	
	
	25 
	25
	[25]
	[25]
	FDD

	…
	
	
	
	
	
	
	


Table 3 Minimum uplink configuration for reference sensitivity
2.2. Simulation assumptions
Simulations are performed with following assumptions.

· Tx-Rx isolation = 45 dB (Tx noise at Rx band)
· Duplex-filter Tx insertion loss = 3 dB

· Implementation margin = 2.5 dB
· RF Noise Figure = 12 dB

· Modulator Carrier leakage = 25, 28 and 30 dBc

· Modulator IQ-Image =25, 28 and 30 dBc

· Antenna coupling between main and diversity branch 6 and 10 dB
· PA operating at UTRA ACLR1 = 33 dBc

· UL allocation position is closest to Rx band

· UL only on one antenna branch

2.3. Simulation results for Tx noise to Rx band
Simulations are performed to obtain the Tx noise level at Rx band, these results are presented in Table 4. Tx noise is integrated noise over the whole Rx bandwidth.
[image: image2.emf]Tx Noise on Rx band / dBm

UL allocation size

1 6 12 18 25 50 75 100

5 MHz IQ-Image&Carrier leakage=25

-64.8 -64.5 -63.4

10 MHz IQ-Image&Carrier leakage=25

-59.9 -59.5 -59.6 -49.5

15 MHz IQ-Image&Carrier leakage=25

-51.2 -50.9 -51.3 -54.7 -53.9 -46.3 -38.5

15 MHz IQ-Image&Carrier leakage=28

-55.3 -55.4 -54.8 -56.7 -55.1 -46.7 -38.5

20 MHz IQ-Image&Carrier leakage=25

-37.3 -37.1 -39.4 -39.7 -43 -39.5 -31.5 -26.1

20 MHz IQ-Image&Carrier leakage=28

-43.1 -42.8 -44.7 -44.5 -47.2 -40.3 -31.9 -26.3

20 MHzIQ-Image&Carrier leakage=30

-46.8 -46.9 -48.2 -46.5 -49.6 -41.4 -31.9 -26.3


Table 4 Tx noise power at Rx band / dBm
Then the Rx desensitization is calculated for diversity reception.

2.4. Self - desensitization

Based on the simulation results presented in previous chapter following self desensitization values are calculated. 
[image: image3.emf]Diversity mode desensitization / dB

UL allocation size

1 6 12 18 25 50 75 100

5 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 25 dB

0.1 0.1 0.13

10 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 25 dB

0.15 0.16 0.16 1.42

15 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 25 dB

0.7 0.74 0.68 0.33 0.39 1.87 6.28

15 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 25 dB

0.79 0.84 0.77 0.37 0.44 2.07 6.71

20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 25 dB

6.24 6.39 4.74 4.54 2.7 4.67 11.2 18.82

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 25 dB

6.67 6.83 5.12 4.91 2.97 5.05 11.72 16.9

Diversity mode desensitization / dB

UL allocation size

1 6 12 18 25 50 75 100

15 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage

 = 28 dB

0.32 0.32 0.36 0.24 0.34 1.93 6.71

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 

28

 dB

2.92 3.07 2.21 2.29 1.38 4.52 11.35 16.71

20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 

28

 dB

2.66 2.8 2 2.07 1.23 4.16 10.84 16.17

Diversity mode desensitization / dB

UL allocation size

1 6 12 18 25 50 75 100

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 

30

 dB

1.49 1.46 1.13 1.58 0.85 3.84 11.35 16.71

20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 

30

 dB

1.33 1.31 1.01 1.42 0.75 3.52 10.84 16.17


Table 5 Desensitization values
Above desensitization figures for 15 and 20 MHz bandwidths are presented below graphically for convenience. If we take a look at Figure 1 there we can see how the desensitization value changes as number of UL allocation size changes. Desensitization vs. UL allocation size is presented for three different modulator performance levels (IQ-Image & Carrier leakage = 25, 28 and 30 dBc) and two different antenna coupling factors 6 and 10 dB. Effect of different antenna isolations does not have significant effect but modulator performance difference has significant impact on performance with small UL allocations.
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20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 25 dB

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 25 dB

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 30 dB

20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 30 dB

20 MHz Antenna cpl = 6 dB IQ-Image&Carrier leakage = 28 dB

20 MHz Antenna cpl = 10 dB IQ-Image&Carrier leakage = 28 dB


Figure 1 20 MHz BW desensitization

The reason why modulator performance has such a big impact on band 20 is that the IQ-image and carrier leakage components are distorted on the PA and 5th order IM products hit on own Rx band see Figure 2. 36.101 specify 25 dBc minimum requirement for modulator. With that level of modulator performance we can see from the graph that very high desensitization values are expected. UL allocation size of 25 RB has the lowest desensitization. The reason for this is that it is the first simulated allocation that has 1 dB of MPR. 
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Figure 2 20 MHz BW / 1 RB allocation / IQ-Image & Carrier leakage = 25 dBc

We can observe similar tendency for 15 MHz bandwidth but with significantly lower desensitization values, see the graph below.
[image: image6.emf]EU800 15 MHz de-sense
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Figure 3 15 MHz BW desensitization
2.5. Possible ways forward
Previously RAN4 has solved the self-desensitization issue by restricting the UL allocation size for large bandwidths. This is not however viable solution for B20 because the spectral re-growth is not the only limiting factor.
 

Simulations indicate that we can transmit 25 RB’s for 5, 10 and 15 MHz but not with for 20 MHz bandwidth and achieve the REFSENS assumption presented at the beginning of this contribution. This is due to modulator impairments 5th order IM products landing on Rx band.
Following means can be used to reduce the desensitization.

A-MPR

Creating a B13 style A-MPR tables where the A-MPR is only allowed to a certain part of the spectrum. This solution would be rather complex and would reduce cell size because the need for A-MPR would be highest on lower side PUCCH transmission, unless PUCCH over dimensioning is used as well.
Tightening the Carrier leakage and IQ-image requirement 
If carrier leakage and IQ-image impairments are reduced at PA input the 5th order IM products landing on own Rx band are reduced. 



REFSENS
Relax the REFSENS requirement the amount of that system has desensitization. This solution would reduce the cell size.
Best solution to solve this issue can be a combination of above means. One way of solving the self desensitization issue is a combination of
· Carrier leakage & IQ-image requirement is tightened to –30 dBc for bands below 1 GHz

· REFSENS is relaxed 1 dB for 20 MHz bandwidth (-90 dBm)
3. Conclusions
REFSENS and minimum uplink configuration for reference sensitivity figures for Band 20 are proposed.  
Band 20 has a problematic combination of narrow 41 MHz UL-DL separation and large channel bandwidth of 20 MHz which creates a large self desensitization problem.  Carrier leakage & IQ-image requirement tightening is proposed to solve this issue.
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