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1. Introduction

A new band has been proposed to take advantage of available spectrum at 698 – 703 MHz and 753 – 758 MHz below Band 28.  One area of work needed is to evaluate the ability of a UE operating in this spectrum to provide emissions protection to DTV at 694 MHz.  This contribution provides an evaluation of the Tx power backoff required.
2. Discussion  
Preliminary filter data was provided in [1], but it was noted during discussion that the emission requirement to protect DTV is specified over a measurement bandwidth of 8 MHz.  Therefore, while the filter data presented focused on the filter rejection available at the edge of the DTV channel at 694 MHz, a more appropriate evaluation should consider the filter rejection over the 8 MHz from 686 – 694 MHz.  More detailed filter simulation results are shown below including designs with standard SAW technology as well as temperature-compensated SAW technology.  The TC SAW results were not available at the time of writing.
	Frequency (MHZ)
	Worst case relative rejection (dB)

	
	Vendor A
	Vendor B
	Average

	
	Standard SAW
	TC SAW
	Standard SAW
	TC SAW
	Standard SAW
	TC SAW

	693.5
	2.1
	TBD
	0
	TBD
	
	

	692.5
	5.9
	TBD
	0
	TBD
	
	

	691.5
	14.3
	TBD
	0.7
	TBD
	
	

	690.5
	23.8
	TBD
	5.3
	TBD
	
	

	689.5
	27.3
	TBD
	15.3
	TBD
	
	

	688.5
	27.3
	TBD
	25.7
	TBD
	
	

	687.5
	27.3
	TBD
	29.3
	TBD
	
	

	686.5
	27.3
	TBD
	28.4
	TBD
	
	


To evaluate the emission into the DTV channel, a Riemann sum is taken over the 8 MHz measurement bandwidth of the PA emission scaled by the available filter rejection.  The specified filter rejection is estimated at the midpoint of each 1 MHz frequency bin and taken as the rejection across the entire bin.  The PA output was also simulated at the mid-point of each bin over a bandwidth of 1 MHz.  PA simulation results were confirmed by lab measurements.  After applying the filter response to the PA output on each frequency bin, the sum on a linear scale is taken across all bins from 686 MHz to 694 MHz.  Finally, the power sum is converted back to dBm units.

Based on this approach, the following results were obtained including standard SAW from vendor A.  The SAW from vendor B would have resulted in even larger A-MPR.
	Bandwidth
	Fc
	RBstart
	L_crb
	PA1
	PA2
	Simulation

	5 MHz
	700.5 MHz
	0
	1
	0.3
	0.5
	1.5

	
	
	0
	25
	1.7
	0
	1

	
	
	0
	24
	1.7
	0
	0.5

	10 MHz
	703 MHz
	7
	1
	2
	2
	2

	
	
	0
	12
	1.2
	1.8
	1

	
	
	0
	24
	1.6
	0
	0

	
	
	0
	30
	3
	1.2
	2.5

	
	
	0
	40
	3.5
	3
	2

	
	
	0
	50
	4.4
	4.6
	2

	
	
	10
	40
	2.5
	0
	1.5

	15 MHz
	705.5 MHz
	0
	1
	1
	1.9
	1

	
	
	0
	16
	1.3
	1
	0.5

	
	
	0
	30
	2.7
	0.5
	2.5

	
	
	0
	40
	3.6
	3.2
	3.5

	
	
	0
	50
	3.9
	3.8
	3

	
	
	0
	64
	4.4
	4.8
	2.5

	
	
	0
	75
	4.5
	4
	2.5


 A proposed A-MPR table is provided below.
	Bandwidth (MHz)
	RBstart
	L_crb
	A-MPR

	5
	0
	≤ 1
	≤ 1

	
	0  ̶  1
	≥ 24
	≤ 1

	10
	0  ̶  8
	≤ 15
	≤ 2

	
	0  ̶  10
	> 20 and ≤ 40
	≤ 3

	
	
	> 40
	≤ 4.5

	15
	0  ̶  15
	< 30
	≤ 2

	
	0  ̶  54
	≥ 30
	≤ 4.5


3. Conclusion
A-MPR for the new 700 MHz band to meet DTV protection has been provided taking into account the rejection offered by the Tx filter.
Reference

[1] R4-158253, "TP for 36.893: UE filter protection capability for DTV,” Qualcomm Incorporated
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8.x


UE specific 
8.x.1

Filter data 

Filter simulations for the band consisting of 698 – 728 MHz uplink and 753 – 783 MHz downlink are provided below.  Of particular interest is the filter rejection capability at 694 MHz to protect DTV.

	
	Vendor A
	Vendor B

	Tx IL
	2.8 dB
	2.8 dB to 4.6 dB*

	Rx IL
	2.6 dB
	2.8 dB

	Tx isolation
	55 dB
	58 dB

	Rx isolation
	55 dB
	54 dB

	Relative rejection at 694 MHz
	0 dB
	2 dB to 10 dB*

	NOTE:  For Vendor B, the relative rejection available at 694 MHz was studied as a function of Tx insertion loss.  Rejection from 2 dB to 10 dB could be attained at a cost of 2.8 dB to 4.6 dB Tx insertion loss.


It can be seen that with only a 4 MHz guard band between the edge of the uplink band to the DTV band, the UE Tx filter of Vendor A is not able to provide any relative rejection. Vendor B indicates that some relative rejection is available, but at the expense of increased Tx insertion loss.  
It is noted that the emission requirement to protect DTV is specified over a measurement bandwidth of 8 MHz.  Therefore, while the filter data above focuses on the filter rejection available at the edge of the DTV channel at 694 MHz, a more appropriate evaluation should consider the filter rejection over the 8 MHz from 686 – 694 MHz.  More detailed filter simulation results are shown below including designs with standard SAW technology as well as temperature-compensated SAW technology.  The TC SAW results were not available at the time of writing.

	Frequency (MHZ)
	Worst case relative rejection (dB)

	
	Vendor A
	Vendor B
	Average

	
	Standard SAW
	TC SAW
	Standard SAW
	TC SAW
	Standard SAW
	TC SAW

	693.5
	2.1
	TBD
	0
	TBD
	
	

	692.5
	5.9
	TBD
	0
	TBD
	
	

	691.5
	14.3
	TBD
	0.7
	TBD
	
	

	690.5
	23.8
	TBD
	5.3
	TBD
	
	

	689.5
	27.3
	TBD
	15.3
	TBD
	
	

	688.5
	27.3
	TBD
	25.7
	TBD
	
	

	687.5
	27.3
	TBD
	29.3
	TBD
	
	

	686.5
	27.3
	TBD
	28.4
	TBD
	
	


8.x.2

A-MPR 

To evaluate the emission into the DTV channel, a Riemann sum is taken over the 8 MHz measurement bandwidth of the PA emission scaled by the available filter rejection.  The specified filter rejection is estimated at the midpoint of each 1 MHz frequency bin and taken as the rejection across the entire bin.  The PA output was also simulated at the mid-point of each bin over a bandwidth of 1 MHz.  PA simulation results were confirmed by lab measurements.  After applying the filter response to the PA output on each frequency bin, the sum on a linear scale is taken across all bins from 686 MHz to 694 MHz.  Finally, the power sum is converted back to dBm units.

Based on this approach, the following results were obtained including standard SAW from vendor A.  The SAW from vendor B would have resulted in even larger A-MPR.

	Bandwidth
	Fc
	RBstart
	L_crb
	PA1
	PA2
	Simulation

	5 MHz
	700.5 MHz
	0
	1
	0.3
	0.5
	1.5

	
	
	0
	25
	1.7
	0
	1

	
	
	0
	24
	1.7
	0
	0.5

	10 MHz
	703 MHz
	7
	1
	2
	2
	2

	
	
	0
	12
	1.2
	1.8
	1

	
	
	0
	24
	1.6
	0
	0

	
	
	0
	30
	3
	1.2
	2.5

	
	
	0
	40
	3.5
	3
	2

	
	
	0
	50
	4.4
	4.6
	2

	
	
	10
	40
	2.5
	0
	1.5

	15 MHz
	705.5 MHz
	0
	1
	1
	1.9
	1

	
	
	0
	16
	1.3
	1
	0.5

	
	
	0
	30
	2.7
	0.5
	2.5

	
	
	0
	40
	3.6
	3.2
	3.5

	
	
	0
	50
	3.9
	3.8
	3

	
	
	0
	64
	4.4
	4.8
	2.5

	
	
	0
	75
	4.5
	4
	2.5


 A proposed A-MPR table is provided below.

	Bandwidth (MHz)
	RBstart
	L_crb
	A-MPR

	5
	0
	≤ 1
	≤ 1

	
	0  ̶  1
	≥ 24
	≤ 1

	10
	0  ̶  8
	≤ 15
	≤ 2

	
	0  ̶  10
	> 20 and ≤ 40
	≤ 3

	
	
	> 40
	≤ 4.5

	15
	0  ̶  15
	< 30
	≤ 2

	
	0  ̶  54
	≥ 30
	≤ 4.5
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