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1 Introduction

3GPP Band 38 (2570-2620 MHz) is defined right in between the Band 7 uplink (2500-2570 MHz) and Band 7 downlink (2620-2690 MHz). When both Band 7 and Band 38 networks are deployment at the same geographic area, coexistence between Band 7 FDD and Band 38 TDD networks should be optimized in order to maximize the spectrum usage of both bands. For base stations, it is relatively easier to implement state-of-the-art filters due to larger volume and cost budget available to base stations. However, coexistence requirements should also apply to UEs, which have a stringent limitation as to the cost and size of front end filter implementations. This discussion paper investigates the capabilities of state-of-the-art UE front end filters, in order to fully explore the best spectrum usage scenarios for Band 7 and Band 38.
2 Available UE front end filters at 2.6 GHz

Both SAW (Surface Acoustic Wave) and BAW (Bulk Acoustic Wave) filters are widely used in UE front ends. SAW filters are widely used in lower frequencies (e.g., less than 1 GHz), while BAW filters are widely used in higher frequencies (e.g., over 2 GHz). SAW filters usually exhibit a temperature drift stability of around -35 ppm/degree, while temperature drift stability of BAW filters are about half of that of SAW. There are two variants of BAW technology; one which is called FBAR, that uses air cavities instead of dielectric layers to form the filter resonance and another which is called SMR-BAW (Solidly Mounted BAW Resonator) that eliminates the air cavity.
2.1 Filter temperature stability issue

If we look at 2.6 GHz frequencies, a -35 ppm/degree temperature drift of SAW filters will cause a frequency drift of -35 ppm/degree x 65 degrees x 2600MHz=5.915 MHz in the operating temperature range of -10 to +55 degrees C. Considering the manufacturing tolerances on top of this temperature drift, we need around 8-10 MHZ of guard band, just for the SAW filter temperature drift across the operating temperature range and production tolerances, before even looking into the filter rejection skirt sharpness issues for adjacent FDD and TDD bands coexistence. BAW technology will reduce this temperature drift by half, to around 5 MHz, at 2.6 GHz.
2.2 Filter rejection skirt sharpness

For a 30~50 MHz passband, it is possible to implement a SAW or BAW filter to reject 40 dB at the adjacent 10 MHz channels with 10 MHz of transitional guard band, at an insertion loss of less than 3 dB across the whole passband. Further rejection improvement will result in excessive filter insertion losses at the edge of the passband, which causes other problems. 
Therefore, a guaranteed coexistence between Band 7 and Band 38 will require a minimum of 5+10=15 MHz of guard band at both sides of Band 38, which result in a 30 MHz spectrum waste, and leaving only 50-30=20 MHz of usable spectrum for Band 38, if the guard band is to be allocated from the Band 38 TDD side. This is clearly not acceptable to TDD frequency spectrum holders, which leaves 60% of their costly spectrum bid unusable. If guard bands are to be allocated from the Band 7 FDD side, the waste of the frequency spectrum and therefore the cost is similar.
3 Possible solutions

It is clear that we have to solve two issues here: One is the 5 MHz wasted temperature drift, and another is the also wasted 10 MHz filter skirt transition. We will discuss both issues below in details.
· Temperature drift issue: Achieving low losses in combination with temperature compensation is extremely challenging for SAW filters at 2.6GHz due to narrow gaps between inter-digital fingers. However, for vertically stacked dielectric layered BAW filters, it is feasible to implement a compensational dielectric layer material which drifts in opposite direction compared to BAW resonance when temperature changes. This approach could virtually eliminate this 5 MHz waste of guard band from temperature drift.

· Filter skirt rejection issue: To achieve 40 dB adjacent 10 MHz Band 7 rejection, a 10 MHz transitional guard band is needed, in order to keep the filter passband insertion loss below 3 dB at the band edge. That is, both 2570-2580 MHz and 2610-2620 MHz should be set aside as guard bands, even under the ideal temperature drift compensation, to achieve a full FDD-TDD coexistence protection. This makes Band 38 usable bandwidth to be 30 MHz only, from 2580-2610 MHz. 
However, 2570-2580 MHz block should experience no interference even without any filtering, if it is used for uplink only, due to the nature that adjacent Band 7 transmission is purely uplink as well from 2500-2570 MHz. And the same applies to 2610-2620 MHz block, which if it is used for downlink only then there is no filtering needed for the coexistence of adjacent Band 7 downlink transmission of 2620-2690 MHz [1]. This means that we can still fully utilize 2570-2580 MHz block for Band 38 uplink, and 2610-2620 MHz for Band 38 downlink, even those two 10 MHz blocks are also used for filter transition to get 40 dB rejection for the remaining TDD blocks. Using this approach, we can effectively gain another 10 MHz full usage from the guard bands, and make Band 38 total frequency spectrum usage to be 40 MHz, while still fully satisfying the protection of TDD Band 38 and FDD Band 7 coexistence.
4 Feasibility of implementation

Figures 1 and 2 below illustrates the simulation of both uplink and downlink front end filters using the approach above. In this case, separate UE transmit and receive filters will need to be implemented for Band 38, instead of a common uplink and downlink filter approach as used in conventional TDD systems. We can see that, with the temperature compensation, this approach can guarantee a minimum of 40 dB rejection to adjacent Band 7 channels, while still maintaining an insertion loss of 3 dB or less for TDD filter passband, across the whole temperature range from -10 to +55 degrees C.
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Figure 1. Band 38 uplink filter (2570-2610 MHz)
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Figure 2. Band 38 downlink filter (2580-2620 MHz)

4.1 Comparison with CEPT1 approach

There has been another intermediate approach from CEPT1 [2], which leaves 5 MHz transitional guard bands between Band 7 and Band 38, making the Band 38 TDD operating bandwidths to be 40 MHz as well (2575-2615 MHz). However, this CEPT1 approach does not assume any filtering between the Band 7 FDD and Band 38 TDD systems, because it is not feasible to make any filters to satisfy the coexistence rejection requirements with 5 MHz of transition at each side. In this CEPT1 approach, both Band 7 FDD and Band 38 TDD systems will still suffer interferences between each other, making its claimed 40 MHz of usage actually less effective, hurting both Band 7 FDD and Band 38 TDD performance.
4.2 Vendor support

Major UE front end filter vendors have supported this implementation and believe the above filtering approach is feasible. 

Target Specifications from a major UE front end filter vendor A:
40MHz uplink filter (2570 – 2610 MHz)

Temperature range -10 to +55C unless otherwise noted

	Parmeter
	Min
	Typ
	Max
	Unit
	comment

	Center frequency
	
	2590
	
	MHz
	

	Passband insertion loss (IL)

2570 – 2600 MHz

2600 – 2605 MHz

2605 – 2610 MHz

2609 – 2610 MHz (+85C)
	
	
1.5
2
2.5
	
2
2.5
3
3.5
	
dB
dB
dB
dB
	

	Source Impedance
	
	50
	
	ohm
	single-ended

	Load Impedance
	
	50
	
	ohm
	single-ended

	Input/Output return loss (RL)
	10
	12
	
	dB
	at best match

	
	
	
	
	
	

	Absolute attenuation below passband

0 – 1500 MHz

1500 – 2300 MHz

2300 – 2400 MHz

2400 – 2485 MHz

2500 – 2530 MHz

2531 – 2550 MHz
	
35
40
45
40

	
40
45
50
45
40
20
	

	
dB
dB
dB
dB
dB
dB
	


Band 40
ISM / WiFi
B7 uplink
B7 uplink

	Absolute attenuation for B7 downlink


2620 – 2630 MHz 

2620 – 2630 MHz (-20C)

2631 – 2690 MHz
	
40
30
45
	


50
	
	
dB
dB
dB
	
average atten.
average atten.

	Absolute attenuation wideband

2.7 – 4 GHz

4 – 5.3 GHz
	
35
25
	
45
30
	
	
dB
dB
	

2*f uplink

	
	
	
	
	
	

	Temperature drift passband filter skirts
	-2
	
	2
	ppm/C
	

	Maximum continous RF power
	
	
	+30
	dBm
	10000h

	ESD rating (HBM)
	
	
	1
	kV
	


Selected points along filter skirt (at +25C)

	Frequency [MHz]
	Attenuation
[dB]

	2620
	28.4

	2621
	39.6

	2622
	48.2

	2623
	46.6

	2624
	47.1

	2625
	49.6

	2626
	>50

	2627
	>50

	2628
	>50

	2629
	>50


40MHz downlink filter (2580 – 2620 MHz)

Temperature range -10 to +55C unless otherwise noted

	Parmeter
	Min
	Typ
	Max
	Unit
	comment

	Center frequency
	
	2600
	
	MHz
	

	Passband insertion loss (IL)

2580 – 2585 MHz

2580 – 2585 MHz (-20C)

2586 – 2620 MHz
	
	
2.7
2.8
1.7
	
3.2
3.5
2
	
dB
dB
dB
	

	Source Impedance
	
	50
	
	ohm
	single-ended

	Load Impedance
	
	50
	
	ohm
	single-ended

	Input/Output return loss (RL)
	10
	12
	
	dB
	at best match

	
	
	
	
	
	

	Absolute attenuation below passband

0 – 1500 MHz

1500 – 2300 MHz

2300 – 2400 MHz

2400 – 2485 MHz

	
35
40
40
45
	
40
45
45
50
	

	
dB
dB
dB
dB
	


Band 40
ISM / WiFi

	Absolute attenuation for B7 uplink


2500 – 2560 MHz 

2560 – 2570 MHz

2560 – 2570 MHz (+85C)
	
43
40
30
	
45

	
	
dB
dB
dB
	

average atten.
average atten.

	Absolute attenuation for B7 downlink

2640 – 2650 MHz



2650 – 2690 MHz
	

	
30
45
	
	
dB
dB
	

	Absolute attenuation wideband

2.7 – 6 GHz

	
40
	
45
	
	
dB
	

	
	
	
	
	
	

	Temperature drift passband filter skirts
	-2
	
	2
	ppm/C
	

	Maximum continous RF power
	
	
	+30
	dBm
	10000h

	ESD rating (HBM)
	
	
	1
	kV
	


Selected points along filter skirt (at +25C)

	Frequency [MHz]
	Attenuation
[dB]

	2561
	48.5

	2562
	49.0

	2563
	46.8

	2564
	44.8

	2565
	43.6

	2566
	43.2

	2567
	43.2

	2568
	41.1

	2569
	35.7

	2570
	29.8


5 Conclusions

In this paper we have discussed the UE front end filter capabilities in handling Band 38 and Band 7 coexistence. By utilizing the state-of-the-art BAW filter temperature compensation technologies, and separate UE uplink and downlink filters, we can guarantee a full protection between Band 7 and Band 38 coexistence. For TDD operators, this approach provides an additional 10 MHz of fully usable spectrum, improving the spectrum usage for Band 38 from 30 MHz to 40 MHz, while still maintaining a full interference protection between Band 38 and Band 7 coexistence deployment. For FDD operators, this approach eliminates any potential performance degradations due to interferences from TDD systems resulted from intermediate solutions such as CEPT1.  
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