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1. Introduction

Band 68 (Tx : 698-728MHz / Rx : 753-773MHz) has been proposed for the Middle East for a combination of public safety and commercial services, with some challenging emissions requirements below 694MHz to protect DTT services. The 5MHz spectrum lowest in the band is targeted exclusively for public safety application, and as such has prioritized minimum A-MPR to meet these emissions requirements.

In order to leverage cost and area, a proposed B68 duplexer implementation that consolidates both B68 and B28A (Tx : 703-733MHz / Rx : 758-788MHz) into a single filter (Tx : 698-733MHz / Rx : 753-788MHz) is described with simulation results of NS_26 emissions performance across conditions to protect DTV below 694MHz. Minimal impact to existing B28A performance and low A-MPR operation for B68 public safety application are demonstrated. The TC-SAW filter data for the consolidated B68+B28A filter, along with associated analysis of the A-MPR required is submitted for inclusion in TP 36.893 “700MHz band for Arab Region”.
2. Discussion

2.1. B68 Out-of-Band Emissions Requirements
A set of worst case process and environmental conditions were defined with targets for specific emissions levels as detailed in Table 1. As a function of the PA nonlinear spectral regrowth and the duplexer Tx attenuation at 686-694MHz, a simulation of the A-MPR required to meet these targets was conducted and is summarized in section 2.4.
Table 1 : Emissions Requirements for DTT Protection Study
	
	Conditions to Evaluate A-MPR Requirements

	fMEAS (MHz)
	Emissions Limit
	Process Corner
	Environmental Conditions

	686 – 694MHz
	-42 dBm / 8MHz
	Nominal Process
	Nominal Temp

	
	-30 dBm / 8MHz
	Worst Case Process
	Extreme Temp

	
	-25 dBm / 8MHz
	Worst Case Process
	Extreme Temp


2.2. B68 Filter Architecture Options
The primary architectural options for B68 implementation are summarized below and include a standalone B68 filter, as well as consolidation options to try to get the B68 band support “for free” through filter consolidation. The conventional implementation for B28 support is typically to split the band up into 2 duplexers, one supporting B28A (Tx : 703-733MHz / Rx : 758-788MHz) and B28B (Tx : 718-748MHz / Rx : 773-803MHz), in order to meet performance targets for insertion loss and isolation of this band given its large relative bandwidth  and narrow duplex gap, as well as to address Japanese digital TV coexistence requirements as defined for NS_17 by using the B28B filter with some defined attenuation at 710MHz and below. Solutions that propose consolidation of the B28A and B28B into a single B28 Full filter typically use more expensive technologies, make significant performance sacrifices, and prevent support for certain emerging LB-LB CA case support. Given the typical B28A/B28B dual duplexer implementation, the option of supporting B68 with a standalone filter is shown in Figure 1a, and the support of B68 standalone filter with a B28 Full filter is shown in Figure 1b. There are some significant cost and area penalty of the additional duplexer in both these cases. One option for consolidation of the B68 filter is to extend the B28 band coverage to support the B68 frequencies (Tx : 698-728MHz / Rx : 753-783MHz) that are 5MHz below the standard B28A. When this is attempted for the B28 Full approach, the passband extends from 45MHz to 50MHz (6.9% on a relative percentage BW basis), and the duplex gap narrows from an already difficult 10MHz to an unsupportable 5MHz, which is already out of reach for existing filter technologies. Combined with the additional constraints of B68 attenuation to avoid emissions into the neighbouring digital TV services 4MHz below the B68 Tx low band edge, it is unlikely that a B28 Full filter consolidation with B68 is viable. On the other hand, as shown in Figure 1c, the consolidation of B68 with B28A would work given the moderate relative percentage passband bandwidth (4.9%) , reasonable duplex gap (20MHz), and capability to then provide reasonable attenuation at 694MHz for the B68 coexistence requirement. This achieves the performance requirements while not adding any cost or area penalty to the exiting standard B28A/B28B filter approach.
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a) B68 Filter Architecture Option #1 : B68 Standalone Filter with B28A/B28B Filter
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b) B68 Filter Architecture Option #2 : B68 Standalone Filter with B28 Full Filter
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c) B68 Filter Architecture Option #3 : B68 Filter Consolidated with B28A
Figure 1 : B68 Filter Architecture Options 
2.3. Consolidated B68+B28A Filter Performance 
The proposed consolidation of B68 + B28A into a single duplexer was designed with the constraint to preserve the B28A critical Tx insertion loss and Tx-Rx isolation performance. The strong attenuation required below 694MHz just 4MHz from the filter passband requires attention be paid to the B68 lower band edge Tx insertion loss at 698MHz, the B28A lower band edge insertion loss at 703MHz, the overall insertion losses for the 5MHz wider passband, and the maintenance of excellent Tx-Rx isolation in the range of 60dB. The shift of the filter band edge has a strong impact on these sensitive trade-offs, and TC-SAW technologies typically used for B28A today are well suited to address this. Critical performance of the filter is summarized below across process variation and environmental conditions. B28A insertion loss performance was maintained as indicated and the B68 consolidation was managed without impact to its performance.
	
	In-Band Insertion Loss [dB] (Spot IL – Not Integrated)

	Frequency

[MHz]
	Nominal Process

Nom Temp (25C)
	Worst Case Process

Hot (90C)
	Worst Case Process

Cold (-20C)

	698
	2.4
	1.8
	3.2

	703
	1.2
	1.1
	1.3


(a)
	
	Out-of-Band Attenation [dB] (Spot Atten – Not Integrated)

	Frequency

[MHz]
	Nominal Process

Nom Temp (25C)
	Worst Case Process

Hot (90C)
	Worst Case Process

Cold (-20C)

	693.5
	18.5
	9.3
	26.2

	692.5
	25.0
	15.8
	31.7

	691.5
	30.6
	22.5
	35.5

	690.5
	35.1
	28.5
	36.8

	689.5
	36.5
	33.8
	37.2

	688.5
	37.2
	36.1
	37.0

	687.5
	37.1
	37.0
	36.8

	686.5
	36.8
	37.1
	36.7


(b) 
Table 2 : Simulated performance of consolidated B68+B28A TCSAW Filter : a) In-band insertion loss, b) Out-of-band attenuation
2.4. B68 Power Amplifier + Consolidated B68+B28A Filter Emissions Performance
The emissions considerations for the absolute power limits of the DTT protected spectrum 686-694MHz as detailed in Table 1, along with the UTRAACLR1, UTRAACLR2, E-UTRAACLR limits and transceiver impairments are as described below
The following ACLR limits were used.

· UTRAACLR1 = 33dBc

· UTRAACLR2 = 36dBc

· E-UTRAACLR = 30dBc

Simulation assumptions were as follows:

· PA operating point: adjusted over all conditions and modulations to set worst case operating point at the max limit of the worst of the UTRAACLR1, UTRAACLR2, E-UTRAACLR above.
· Modulator IQ – image = 28dB

· Modulator carrier leakage = 28dBc

· Modulator C_IM3 = 60dBc
The PA is simulated to drive into a total 5dB post PA insertion loss, based on the worst case limiting operating point condition above and the target nominal antenna power = 23dBm. The worst case operating condition defines a corresponding filter loss, and the other post PA insertion loss is set in that condition to total up to 5dB. As the conditions change, the filter loss will change with conditions and frequency, but that post filter loss is kept constant at that determined value. 

2.4.1.   A-MPR Required for Nominal Process / Nominal Conditions (25C) to Achieve Emissions ≤ -42dBm/8MHz
Figure 2 through Figure 4 show the A-MPR simulations for all bandwidths, and QPSK modulations of the combined PA + consolidated B68/B28A filter and line-up losses for the nominal process and nominal conditions case, whose target emissions limit is ≤ -42dBm/8MHz. Modest A-MPR is still required, with the patchy A-MPR patterns in the triangle summaries driven by the strong attenuation skirt of the filter which only requires A-MPR when close to full allocation spectral regrowth spill-over and/or concentrated IMD3, IMD5 from the fundamental and the image manage to peak in the region right around 694MHz. 
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Figure 2 : A-MPR Required for Emissions ≤ -42dBm/8MHz for Nominal Process and Nominal Temp (25C) for   PA+B68/B28A Filter : QPSK BW = 5MHz, fCENTER = 700.5MHz
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Figure 3 : A-MPR Required for Emissions ≤ -42dBm/8MHz for Nominal Process and Nominal Temp (25C) for   PA+B68/B28A Filter : QPSK BW = 10MHz, fCENTER = 703MHz
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Figure 4 : A-MPR Required for Emissions ≤ -42dBm/8MHz for Nominal Process and Nominal Temp (25C) for   PA+B68/B28A Filter : QPSK BW = 15MHz, fCENTER = 705.5MHz
The emissions for the nominal process and nominal conditions case can be guaranteed with A-MPR=0dB for an emission level of ≤ -37 dBm/8MHz, but in order to attain the full -42dBm/8MHz, some A-MPR is required.

2.4.2.   A-MPR Required for Worst Case Process / Worst Case Hot Conditions (Temp = +90C) to Achieve Emissions ≤ -30dBm/8MHz
Figure 7Figure 5

 through  show the A-MPR simulations for all bandwidths, and QPSK modulations of the combined PA + consolidated B68/B28A filter and line-up losses for the worst case process and worst case hot conditions case (+90C), whose target emissions limit is a more relaxed ≤ -30dBm/8MHz. Modest A-MPR is still required, with the patchy A-MPR patterns in the triangle summaries driven by the strong attenuation skirt of the filter right around 694MHz. As the temperature heats up, the filter characteristic shifts down in frequency, serving to lessen the attenuation at 694MHz. Further development of the temperature compensation and manufacturability tolerances can improve the performance toward achieving A-MPR = 0dB for the hot case, which only requires 3-4dB additional out-of-band attenuation at 694MHz under hot conditions to achieve emissions ≤ -30dBm/8MHz for A-MPR=0dB operation.
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Figure 5 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Hot Temp (+90C) for   PA+B68/B28A Filter : QPSK BW = 5MHz, fCENTER = 700.5MHz 
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Figure 6 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Hot Temp (+90C) for   PA+B68/B28A Filter : QPSK BW = 10MHz, fCENTER = 703MHz
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Figure 7 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Hot Temp (+90C) for   PA+B68/B28A Filter : QPSK BW = 15MHz, fCENTER = 705.5MHz
The emissions for the worst case process and hot conditions case can be guaranteed for A-MPR=0dB to be                            ≤ -27 dBm/8MHz, but in order to attain the full -30dBm/8MHz, some A-MPR is required.
2.4.3.   A-MPR Required for Worst Case Process / Worst Case Cold Conditions (Temp = -20C) to Achieve Emissions ≤ -30dBm/8MHz
Figure 8 through Figure 10 show the A-MPR simulations for all bandwidths, and QPSK modulations of the combined PA + consolidated B68/B28A filter and line-up losses for the worst case process and worst case cold conditions case (-20C), whose target emissions limit is a more relaxed ≤ -30dBm/8MHz. As the temperature goes down, the filter characteristic shifts to the right, so that attenuation at 694MHz is improved. No A-MPR is required to meet the emissions below 694MHz in this case. 
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Figure 8 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Cold Temp (-20C) for   PA+B68/B28A Filter : QPSK BW = 5MHz, fCENTER = 700.5MHz 
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Figure 9 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Cold Temp (-20C) for   PA+B68/B28A Filter : QPSK BW = 10MHz, fCENTER = 703MHz
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Figure 10 : A-MPR Required for Emissions ≤ -30dBm/8MHz for Worst Case Process and Cold Temp (-20C) for   PA+B68/B28A Filter : QPSK BW = 15MHz, fCENTER = 705.5MHz
3. Conclusion
In order to leverage cost and area, a proposed B68 duplexer implementation that consolidates both B68 and B28A (Tx : 703-733MHz / Rx : 758-788MHz) into a single filter (Tx : 698-733MHz / Rx : 753-788MHz) is described with simulation results of NS_26 emissions performance across conditions to protect DTV below 694MHz. Minimal impact to existing B28A performance and low A-MPR operation for B68 public safety application are demonstrated. The TC-SAW filter data for the consolidated B68+B28A filter, along with associated analysis of the A-MPR required is submitted for inclusion in TP 36.893 “700MHz band for Arab Region”.
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5.1.2
Filter Considerations

It is important to meet the OOBE requirement by filter attenuation as much as possible. Otherwise, large power back-off may be needed. Given that the frequency separation between the new band the DTV receiver below 694MHz is only 4MHz, this imposes challenges in the filter design. In the mean time, it is desirable that the existing filter design can be reused for this new band filter to reduce R&D cost.

The 30MHz pass band for this new band is exactly 5MHz shift in frequency from the B28 lower duplexer.  A natural consolidation of the B68 and B28A bands into a single filter is a cost effective way to leverage volume of scale and optimize the re-use to enable B68 for free, and performance impact to B28A is shown to be minimal.
Due to the close proximity in frequency between the new band and DTV bands, steep filter attenuation is needed at 4MHz offset. In general, reducing the filter pass-band helps to design steeper filters. While detailed filter spec is still missing in order to completely quantify the gain, based on preliminary feedback from filter vendors, the gain from reducing the pass-band is not dramatic since the steep rejection is required at 4MHz from the band edge. In order to progress the work, it is recommended that the band plan to be defined based on information at hand.

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
	Vendor C 
(Worst Case over Ext unless noted)

	Tx IL
	2.8 dB
	2.8 dB to 4.6 dB*
	3.2 dB at 698MHz (-20C)
2.4 dB at 698MHz (25C)
1.8 dB at 698MHz (+90C)
1.3dB at 703MHz (-20C)
1.2 dB at 698MHz (25C)
1.1 dB at 703MHz (+90C)

	Rx IL
	2.6 dB
	2.8 dB
	1.8 dB

	Tx isolation
	55 dB
	58 dB
	57 dB

	Rx isolation
	55 dB
	54 dB
	55 dB

	Relative rejection at 694 MHz
	0 dB
	2 dB to 10 dB*
	22.5 dB at 694MHz (-20C)

14.4 dB at 694MHz (25C)
6.3 dB at 694MHz (+90C)

	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
	Vendor C

	
	Standard SAW
	TC SAW
	Standard SAW
	TC SAW
	TC SAW (-20C)
	TC SAW (25C)
	TC SAW (90C)

	693.5
	2.1
	TBD
	0
	TBD
	18.5
	9.3
	26.2

	692.5
	5.9
	TBD
	0
	TBD
	25.0
	15.8
	31.7

	691.5
	14.3
	TBD
	0.7
	TBD
	30.6
	22.5
	35.5

	690.5
	23.8
	TBD
	5.3
	TBD
	35.1
	28.5
	36.8

	689.5
	27.3
	TBD
	15.3
	TBD
	36.5
	33.8
	37.2

	688.5
	27.3
	TBD
	25.7
	TBD
	37.2
	36.1
	37.0

	687.5
	27.3
	TBD
	29.3
	TBD
	37.1
	37.0
	36.8

	686.5
	27.3
	TBD
	28.4
	TBD
	36.8
	37.1
	36.7


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


Results were also summarized for a TC SAW filter based on a consolidated B68+B28A capable duplexer plus PA, across the various levels of emissions and conditions according to :
Table 3 : Emissions Requirements for DTT Protection Study
	
	Conditions to Evaluate A-MPR Requirements

	fMEAS (MHz)
	Emissions Limit
	Process Corner
	Env Conditions
	A-MPR 

	686 – 694MHz
	-42 dBm / 8MHz
	Nominal Process
	Nominal Temp
	Table  W.X

	
	-30 dBm / 8MHz
	Worst Case Process
	Extreme Temp
	Table Y.Z

	
	-25 dBm / 8MHz
	Worst Case Process
	Extreme Temp
	0 dB


The results were summarized in R4-162656, “B68 Filter Consolidation with B28A, TP for 36.893: TCSAW filter data and A-MPR for 700 MHz protection of DTV” and result in the recommended A-MPR table below for the nominal process conditions and nominal (25C) temperature conditions case :

	Bandwidth (MHz)
	Lower Channel Edge (MHz)
	RBstart
	L_crb
	A-MPR

	5
	699 MHz
	0
	≤ 1
	≤ 2

	
	
	0  ̶  1
	>1 and ≤ 3
	≤ 1

	10
	703 MHz
	0  ̶  8
	≤ 15
	≤ 2

	
	
	0  ̶  8
	> 30
	≤ 2

	15
	707 MHz
	0  ̶  15
	< 12
	≤ 2

	
	
	0  ̶  15
	≥ 30
	≤ 2


Table W.X : A-MPR Required for Emissions ≤ -42dBm/8MHz at Nominal Process, Nominal Temp (25C), 
Results in the recommended A-MPR table below for the worst case process conditions and worst case (+90C) temperature conditions case that target emissions ≤ -30dBm/8MHz :

	Bandwidth (MHz)
	Lower Channel Edge (MHz)
	RBstart
	L_crb
	A-MPR

	5
	699 MHz
	0
	≤ 1
	≤ 1

	10
	703 MHz
	0  ̶  8
	≤ 5
	≤ 1


	
	
	0  ̶  8
	> 40
	≤ 1

	15
	707 MHz
	0  ̶  15
	< 3
	≤ 1

	
	
	0  ̶  15
	≥ 40
	≤ 1


Table Y.Z : A-MPR Required for Emissions <= -30dBm/8MHz at Worst Case Process, Worst Case Temp (+90C)
<<< End of TP >>>
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