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1. Introduction

At least four options are under study for the new AWS-3 band plan.  Potential deployment scenarios have been identified in [1] and preliminary UE filter analysis has been provided in [2].  In this contribution, further evaluation of the band plan options with respect to filter capability is provided.
2. Discussion
We first evaluate filter performance for the standalone band.  As agreed in [3], the benchmark for performance comparison should be that of Band 4.  Therefore, we consider the filter capability of 70+70, 70+90, and 85+90 MHz band plan options compared to Band 4.  From the filtering perspective, the fixed or variable duplex characteristic for this band is not expected to be influential since the duplex separation is very large.   
Table 1.  Extended AWS band duplexer comparison

	Vendor
	BW Options
	Tx
	Rx
	Tx isolation
	Rx isolation

	
	Tx/Rx
	typ
	wc
	Degrade
	typ
	wc
	Degrade
	typ
	wc
	Degrade
	typ
	wc
	Degrade

	A
	B4 
	1.1
	1.7
	 
	1.7
	2.2
	 
	56
	54
	 
	58
	50
	 

	
	70x70
	2
	2.5
	0.8
	2.7
	3.1
	0.9
	54
	51
	3
	56
	52
	-2

	
	70x90
	 
	2.5
	0.8
	 
	3.5
	1.3
	 
	49
	5
	 
	50
	0

	
	85x90
	 
	3.3
	1.6
	 
	3.5
	1.3
	 
	49
	5
	 
	47
	3

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	B
	B4
	1.4
	1.8
	 
	1.8
	2.2
	 
	60
	55
	 
	59
	50
	 

	
	70x70
	2.3
	2.9
	1.1
	1.9
	2.9
	0.7
	60
	55
	0
	55
	50
	0

	
	70x90
	2.3
	2.9
	1.1
	3
	3.5
	1.3
	60
	55
	0
	55
	50
	0

	
	85x90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	C
	B4
	1.5
	2
	 
	2.1
	2.5
	 
	58
	55
	 
	50
	47
	 

	
	70x70
	1.8
	2.5
	0.5
	2.3
	2.8
	0.3
	56
	53
	2
	53
	50
	-3

	
	70x90
	1.8
	2.5
	0.5
	2.5
	3.5
	1
	56
	53
	2
	50
	45
	2

	
	85x90
	2.2
	3
	1
	2.5
	3.5
	1
	55
	~50
	5
	50
	45
	2

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	D
	B4
	1.65
	1.8
	 
	1.5
	1.8
	 
	60
	 
	 
	60
	 
	 

	
	70x70
	2
	2.15
	0.35
	1.7
	2
	0.2
	60
	 
	 
	60
	 
	 

	
	70x90
	2
	2.2
	0.4
	2.15
	2.5
	0.7
	60
	 
	 
	60
	 
	 

	
	85x90
	2.25
	2.75
	0.95
	2.2
	2.55
	0.75
	59
	 
	 
	59
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	E
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	1.7
	2.2
	0.375
	1.9
	3
	0.825
	 
	> 55
	0
	 
	> 55
	0

	
	70x90
	1.9
	2.4
	0.575
	2
	3.5
	1.325
	 
	55
	0
	 
	55
	0

	
	85x90
	2
	3
	1.175
	2
	4
	1.825
	 
	55
	0
	 
	55
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Avg
	B4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	70x70
	 
	 
	0.625
	 
	 
	0.585
	 
	 
	1.25
	 
	 
	-1.25

	
	70x90
	 
	 
	0.675
	 
	 
	1.125
	 
	 
	1.75
	 
	 
	0.5

	
	85x90
	 
	 
	1.18125
	 
	 
	1.21875
	 
	 
	3.333333333
	 
	 
	1.666666667


Not surprisingly, performance degrades as the passband bandwidths increase.  As the band plan includes more spectrum, from 70+70 to 70+90 to 85+90, the insertion losses increase and the isolations decrease, both leading to lesser performance.  Since the 70+70 MHz band plan option is the least common denominator, it is beneficial to observe the incremental degradation of filter performance as the band plan expands to greater bandwidths.  It can be seen that the 85+90 MHz band plan suffers significant penalty with both Rx and Tx insertion loss 1.2 dB larger than that of Band 4.  The 70+90 MHz band plan also suffers an increase in degradation compared to Band 4 and compared to the 70+70 MHz band plan.  A similar Tx insertion loss in maintained, but its Rx insertion loss is approximately 0.5 dB larger than the 70+70 MHz band plan as also observed in [2].

In [1] it was revealed that some operators are interested in inter-band carrier aggregation with this band and a second band.  Carrier aggregation with Band 2 was given as one example.  Therefore, we seek a comparison of quadplexer performance for carrier aggregation with Band 2 under the various band plan options.  Unfortunately, the data available at this time is scarce.  Only a single vendor’s data is available and only under typical conditions.  Two other vendors have not yet completed their simulations.  Because of the preliminary nature of the simulations, the performance parameters compared to a B2+B4 quadplexer have not been optimized; therefore, only relative comparisons between 70+70 and 70+90 are meaningful.

Table 2.  Band 2 + AWS band quadplexer comparison.  Single vendor at typical conditions only.

	
	 
	Delta

	
	 
	70+70
	70+90

	
	B2 Tx
	0.1
	0.2

	
	B2 Rx
	0.01
	0.01

	
	B4 Tx
	0.65
	0.75

	
	B4 Rx
	0.45
	0.85

	
	B2 Tx iso
	-1
	0

	
	B2 Rx iso
	0
	0

	
	B4 Tx iso
	-2
	-2

	
	B4 Rx iso
	-1
	-1

	B2 Tx -> B4 Rx
	B2 Tx iso
	0
	-8

	B2 Tx -> B4 Rx
	B4 Rx iso
	0
	-4

	B4 Tx -> B2 Rx
	B4 Tx iso
	-1
	0

	B4 Tx -> B2 Rx
	B2 Rx iso
	-4
	


It can be seen that once again, the penalty to extending the band plan from 70+70 to 70+90 MHz primarily impacts the Rx insertion loss.  The difference is approximately 0.4 dB under typical conditions, but may be expected to be larger under worst case conditions including temperature and production variation.
Of the proposed band plans, from the perspective of filter performance for both standalone operation and carrier aggregation with Band 2, the data suggests that the best performance is achieved with a 70+70 MHz band plan.  There is significant degradation for an 85+90 MHz band plan.  The 70+90 MHz band plan suffers primarily in Rx insertion loss of approximately 0.5 dB, compared to the 70+70 MHz band plan.

The question to be answered is whether the 0.5 dB additional insertion loss is justified to enable the possibility to utilize an additional 20 MHz of downlink bandwidth in this band noting that the additional 20 MHz of downlink is already specified as part of another band.  However, one must also consider not only the incremental cost to extend the downlink from 70 MHz to 90 MHz, but also the total cost compared to Band 4.  If one imagines that in the future, this new band may replace Band 4, then the Rx penalty actually exceeds 1 dB compared to existing Band 4.  Whether this additional loss is tolerable in exchange for the potential increased utility of the band is something that should be discussed further, preferably with input from the interested operators.

3. Conclusion
Filter data has been provided to compare the candidate band plans for the extended AWS band.  The data suggests that the 70+70 MHz band plan option provides the best performance with the 70+90 MHz band plan trailing by 0.5 dB in Rx insertion loss performance.  The 85+90 MHz band plan shows significant challenge in filter design resulting in larger degradations in performance.
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