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1. Introduction

While the Band 68 (UL: 698 – 728 MHz /DL: 753 – 783 MHz) WI has been completed in RAN plenary  meeting #71, the UE power backoff requirement for emission protection to DTV at 694MHz is still open pending filter vendor feedback. This contribution provides an evaluation of the Tx power backoff required given new filter data.
2. Discussion  
Preliminary filter data were provided in [1], [2]. Additional filter simulation results are shown below (from Vendor C) for a temperature-compensated SAW filter.  
	Frequency (MHZ)
	Worst case relative rejection (dB)

	
	Vendor A
	Vendor B
	Vendor C
	Average

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

	693.5
	2.1
	TBD
	0
	TBD
	9.25
	
	

	692.5
	5.9
	TBD
	0
	TBD
	15.77
	
	

	691.5
	14.3
	TBD
	0.7
	TBD
	22.49
	
	

	690.5
	23.8
	TBD
	5.3
	TBD
	28.48
	
	

	689.5
	27.3
	TBD
	15.3
	TBD
	33.77
	
	

	688.5
	27.3
	TBD
	25.7
	TBD
	36.09
	
	

	687.5
	27.3
	TBD
	29.3
	TBD
	37.03
	
	

	686.5
	27.3
	TBD
	28.4
	TBD
	37.13
	
	


Simulations were run in order to meet the -25dBm/8MHz DTV protection limit. The TC SAW filter from Vendor C is used for the simulation. For 5MHz, 10MHz and 15MHz channels, no UE power back off is needed.  

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.

It is proposed to include the attached TP into TR36.893, also taking into account the input from [1], [2].
Reference

[1] R4-161092,
“TP for 36.893: Additional filter data and A-MPR for 700 MHz protection of DTV”, Qualcomm Incorporated
[2] R4-161019,
 “UE requirement for protection of DTV”, Motorola Solutions
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8.3.3 UE protection for DTV

The emission requirement for protection of DTV below 694MHz for ARAB region is -25dBm/8MHz. This section shows how to meet the DTV protection limit.
8.3.3.1 Power reduction without filter
T table below summarizes the required A-MPR without any filter rejection.
Table 8.3.3.1-1 A-MPR to meet -25dBm/8MHz assuming no filter rejection
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)
 (Huawei)
	A-MPR (dB)
 (Motorola Solutions)

	68
	5
	≥ 1
	≤ 2
	≤ 1.5

	
	10
	≥ 1
	≤ 4
	≤ 4

	
	15
	≥ 1
	≤ 4
	≤ 4.5


It shows that big power reductions are needed in order to meet the -25dBm/8MHz emission level. One of the main motivations to standardize this band is to provide broadband spectrum for public safety communities, and a large power back-off is very undesirable for such application. Not like a commercial broadband network, public safety networks are usually sparsely built with much fewer base stations. Uplink coverage is critical in order to meet the public safety application requirement. To better and more efficient utilize the radio spectrum, it is preferable to meet the DTV protection emission requirement with the help of filter rejection, preferably without power reduction.
8.3.3.2 Filter solution
Different filter technologies can be considered for DTV protection. SAW filter is the most common and non-expesive filter technology. However, this filter may not provide enough rejection at 694MHz. Another advanced filter technologies, such as temperature compensated SAW filters or FBAR can provide higher filter rejection than SAW filters at the expense of higher cost Table 8.3.3.2-1 and  Table 8.3.3.2-2 show an example of FBAR filter and SAW/TC SAW, respectively.


Table 8.3.3.2-1 FBAR filter simulation for 698~728MHz UL

	Filter
	Tx IL (including temperature and manufacture variation)
	Tx-Rx isolation
	Rejection at 694MHz

	FBAR
	3.1dB
	60dB
	12 dB


Table 8.3.3.2-2 Standard SAW and TC SAW filter rejection
	Frequency (MHZ)
	Worst case relative rejection (dB)

	
	Vendor A
	Vendor B
	Vendor C
	Average

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

	693.5
	2.1
	TBD
	0
	TBD
	9.25
	
	

	692.5
	5.9
	TBD
	0
	TBD
	15.77
	
	

	691.5
	14.3
	TBD
	0.7
	TBD
	22.49
	
	

	690.5
	23.8
	TBD
	5.3
	TBD
	28.48
	
	

	689.5
	27.3
	TBD
	15.3
	TBD
	33.77
	
	

	688.5
	27.3
	TBD
	25.7
	TBD
	36.09
	
	

	687.5
	27.3
	TBD
	29.3
	TBD
	37.03
	
	

	686.5
	27.3
	TBD
	28.4
	TBD
	37.13
	
	


The needed UE power reduction with this filter is reduced significantly compared to non-filter rejection , as shown in Table 8.3.3.2-2.  For easier comparison, A-MPR values needed without help from filter are also listed in the table. 
Table 8.3.3.2-2 A-MPR with FBAR filter and without filter 
	Emission requirement (dBm/8Mhz)
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR without filter (dB)
	A-MPR with FBAR filter (dB)


	-25
	5
	≥ 1
	2
	0

	
	10
	≥ 1
	4
	0

	
	15
	≥ 1
	4.5
	0


Combining the filter rejection with UE power reduction will provide better trade-off in terms of realizing certain emission requirement, while not putting too much burden on filter design. Due to the non-linearity of the device components, when operating at near saturation point, non-linearity creates undesirable out-of-band emission. Reducing the UE power by 1 or 2 dB will greatly reduce the out-of-band emission. 
This is illustrated by Table 8.3.3.2-3, where a UE out-of-band emission values (in dBm/8MHz) are simulated with different power reduction numbers (in dB), assuming the UE is allocated with 50RBs in a 10MHz channel.  When UE transmit power is reduced by 2dB, the emission level is reduced by 8dB. However, as the emission level goes down, and as UE components start to operate at linear region, power reduction of 1dB, will result in about 1dB (or less) of emission level reduction. At this point, the cost of reducing UE Tx power is becoming too big, in order to meet the required emission level. Filter rejection can help achieve the emission requirement without scarifying too much UL coverage loss. On the other hand, reducing the UE power by 1~2dB can also reduce the filter requirement, hence make it easier to design such filters. 
Table 8.3.3.2-3 UE out-of-band emissions at 686~694MHz with different power reduction values (no filter rejection)
	Power reduction (dB)
	0
	2
	4
	8
	11

	Emission at 686~694MHz (dBm/8MHz)
	-12
	-20
	-25
	-27.5
	-30.4


8.3.3.3

Additional 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.  

8.3.3.4

A-MPR with filters 

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 by the SAW filter (Vendor A) in Table 8.3.3.2-2.  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


Simulations were also run using the TC SAW filter from Vendor C. For 5MHz, 10Mhz and 15MHz channels, no UE power back off is needed.  
 Table below shows A-MPR table using different filter technologies.
	Bandwidth (MHz)
	RBstart
	L_crb
	A-MPR with standard SAW
	A-MPR with TC SAW
	A-MPR with FBAR

	5
	0
	≤ 1
	≤ 1
	0
	0

	
	0  ̶  1
	≥ 24
	≤ 1
	0
	0

	10
	0  ̶  8
	≤ 15
	≤ 2
	0
	0

	
	0  ̶  10
	> 20 and ≤ 40
	≤ 3
	0
	0

	
	
	> 40
	≤ 4.5
	0
	0

	15
	0  ̶  15
	< 30
	≤ 2
	0
	0

	
	0  ̶  54
	≥ 30
	≤ 4.5
	0
	0


<<< End of TP >>>
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