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1 Introduction
In [1]-[7], there was extensive investigation on UE RF issues relating to bands 12-14 (including C block and D block) in the Upper 700MHz spectrum such as Self-desense, GPS self-interference, UE to UE interferences, and Public Safety interference. That analysis is very fruitful to introduce possible problems in real cellular environment with very narrow band separation between downlink and uplink. Recently, there was good consensus on Public safety interference and UE to UE interference issues. Public safety interference is limited by requirements of both FCC and 3GPP [6]. Also spurious emission between UE and UE is limited by a guideline of -50dBm/1MHz [7]. In Table 1, comparison of possible ways to resolve UE RF issues are given. Basically there is no issue in Public Safety band and spurious emission if a guideline of -50dBm/1MHz is guaranteed.
Regarding Self-desense and GPS self-interference issues, Motorola has suggested a new method of scheduling in which the restricted allocation of UL resource shall be used to cope with those interference problems in [1]-[7]. However this scheduling method should cause an e-node B to decrease the uplink spectrum utilization which is not beneficial to operators. To resolve those UE RF issues without decrease of the uplink spectrum utilization, we would like to propose a new approach based on current UE implementation technology in this contribution. Because we understand that it should be a kind of UE implementation issue and that those RF issues could be solved by efficient UE implementation in cases of Self-desense, GPS self-interference. 

In this contribution, we show that the current UE implementation technologies are good enough to resolve those UE RF issues and they could be very well improved in the future. Consequently, it is recommended that full usage of down/up link spectrum (up to 10MHz or 50RB) in bands 12-14 shall be mandatory and Restricted RB allocation should be alternative for operators in TS36.101.
Table 1 Comparison of Proposed Methods to Resolve UE RF Issues
	UE RF Issues
	Motorola
	Samsung

	GPS Self-interference
	Restricted RB allocation
	UE Implementation

	Self-Desense
	Restricted RB allocation

(ACLR vale of PA ≈­50dB, [1])
	UE implementation

(ACLR vale of PA ≈-90dB)

	Spurious Emission
	Restricted RB allocation

(-50dBm/1MHz, [7])
	UE implementation (-50dBm/1MHz)

	Public Safety
	FCC + 3GPP[6]
	Agreed as FCC + 3GPP


2 Solutions to Resolve UE RF Issues 
2.1 GPS Self-interference
Fig. 1 shows Self-interference in GPS band due to the 2nd harmonics of UE uplink transmission with 10MHz bandwidth of 777~787MHz band. The GPS sensitivity might be degraded if the power of 2nd harmonic of UE is not negligible. According to the requirement, it should not exceed maximum acceptable level such as -178dBm/Hz at the front of GPS antenna port. The number -178dBm/Hz comes from (-174dBm/Hz + 6dB NF -10dB). The margin of 10dB   ensures a negligible degradation on GPS sensitivity.
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Fig. 1 Possible Interference in GPS band
Current components provide the following performance to reduce the Self-interference. However, the duplexer and antenna are required to be improved in order to avoid Self-interference in GPS band.
- Duplexer Attenuation Characteristic: -40dB

- PA 2nd Harmonics: -40dBc

- Antenna Isolation Characteristic: -15dB
In general, additional attenuation is probably needed if current duplexer attenuation characteristic is not good enough to satisfy the requirement above. So, possible methods for acquiring more interference mitigation margins are presented in the following sections.
The first method is for using additional LPF.  Additional 30dB attenuation can be provided by using a simple LPF with typical filtering characteristics between PA and duplexer. Table 2 shows each component’s attenuation from the output power of PA to the front of GPS antenna. Also it shows the cascaded TX leakage power is -188dBm/Hz at the front of GPS antenna. So, 10dB margin can be achieved with a simple LPF insertion in comparison with the upper requirement of -178dBm/Hz. In Fig. 2, RF chain is given in case of LPF insertion.
Table 2 Attenuation Analysis with LPF Insertion
	Items
	Output of PA
	PA            
2nd harmonic 
	ACLR       
2nd harmonic in GPS 
	LPF              
Attenuation
	Duplexer
Attenuation
	Antenna               Isolation

	Component  Performance (Typical)
	+25dBm/10MHz (-45dBm/Hz)
	-40dBc
	-15dBc
	-30dB
	-40dB
	-15dB

	Cascaded TX  leakage power  in GPS band
	 
	-15dBm/20MHz          (-88dBm/Hz)
	-103dBm/Hz
	-133dBm/Hz
	-173dBm/Hz
	-188dBm/Hz
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Fig. 2 RF chain in case of LPF insertion
Another possible method is to optimize design of duplexer and PA. If the 2nd harmonic characteristic output power of PA could provide more 5dB margin and duplexer could provide more 16dB margin, TX leakage power of 179dBm/Hz at the front of GPS antenna can be achieved. Also, antenna isolation is less than -15dB. Therefore we can meet the requirement through optimization of duplexer and PA even though LPF is not inserted. In Fig. 3, RF chain is given in case of LPF no insertion.
Table 3 Attenuation Analysis without LPF Insertion

	Items
	Output of PA
	PA            
2nd harmonic 
	ACLR       
2nd harmonic in GPS 
	Duplexer
Attenuation
	Antenna               Isolation

	Component  Performance (Typical)
	+25dBm/10MHz      (-45dBm/Hz)
	-45dBc
	-15dBc
	-56dB
	-15dB

	Cascaded TX  leakage power  in GPS band
	
	-20dBm/20M     (-93dBm/Hz)
	-108dBm/Hz
	-164dBm/Hz
	-179dBm/Hz
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Fig. 3 RF chain in case of no LPF insertion
2.2 Self-Desense
It has been recognized that De-sense model in [1] should be revisited and modified in considering the characteristics of current PA for an UE. In specific, it is kindly required how ACLR value given in [1] should be obtained. Because it is currently available to use much better PA characteristics, this analysis shows the estimation of noise power level at the front of RX LNA based on a pre-commercial datasheet, partly shown in Appendix A. 
First, maximum acceptable TX leakage noise power value is given by 
- KTB (10MHz) + NF (Noise figure):     



                -104dBm/10MHz + 6dB = -98dBm/10MHz

- Max. Acceptable TX leakage noise at Ant. Port: 


     -108dBm/10MHz (-98dBm–10dB) 
- Max. Acceptable TX leakage noise at Duplexer RX out:

-111dBm/10MHz (-108dBm–3dB [Duplexer loss]) 
Table 4 shows Self-desense noise analysis. It is concluded that the TX leakage in RX band is -113dBm/10MHz. So, the Desense noise power considering UE PA is 2dB lower than maximum acceptable value (2dB margin!). Therefore, it means that the impact of desense dose not need uplink RB allocation and Self-desense problem can be solved through an efficient PA design. 
Table 4 Analysis of Desense Noise
	Items
	Noise Power in RX band at output of PA
	Duplexer RX Isolation

	Component  Performance
	-135dBm/Hz*
	-48dB*

	Cascaded TX  leakage noise
	-65dBm/10MHz
	-113dBm/10MHz
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Fig. 4 RF chain in Desense Model

2.3 Spurious Emission (UE to UE interference)
Table 5 shows analysis of UE TX spurious emission requirements to minimize the co-existence problem at the band 14 (758~768MHz). It is known that the required spurious emission is less than -50dBm/1MHz [7]. According to the analysis in Table 5, the spurious emission is -55dBm/1MHz in the band 14. Consequently the spurious emission level in the analysis is 5dB lower than the proposed requirement level of -50dBm/1MHz [7] even though the spurious emission analysis is based on the worst case.
Table 5 Analysis of Spurious Emission between UE and UE
	Items
	Output of PA
	PA ACLR at 768MHz
	Duplexer Attenuation at 768MHz

	Component  Performance
	25dBm/10MHz (15dBm/1MHz)
	-40dBc
	-30dB

	Spurious Emission at 768MHz 
	-
	-25dBm/1MHz
	-55dBm/1MHz



[image: image5]
Fig. 5 RF chain in Spurious Emission
3 Conclusions
In this contribution, we have investigated UE RF issues relating to Upper 700MHz and have shown that the current UE implementation technologies are good enough to resolve those UE RF issues. It implies that those UE RF issues can be managed through UE implementation. Furthermore, UE implementation technologies could be very well improved in the future. So, any restriction of bandwidths shall not be included in specifications for nominal channel bandwidth requirements. It should be mandatory that an UE has to be always guaranteed to be allocated up to a maximum of 50RB for 10 MHz bandwidth by a scheduler.
Consequently, it is recommended that full usage (50RB or 10MHz) of down/up link spectrum in bands 12-14 shall be mandatory and Restricted RB allocation should be optional in TS36.101.
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5 Text Proposal for TS36.101
Text proposal for TS36.101 (V8.1.0) for clause 5.4.2.1 is provided based on our viewpoints in the below. We add each channel bandwidth of bands 12, 13 and 14 in Table 5.4.2.1-1.
--------------- Start of text proposal ---------------
5.4.2.1 
Nominal channel bandwidth

Table 5.4.2.1-1 specifies the channel bandwidth that shall be supported per E-UTRA operating band. The transmission configuration in Table 5.4-1 shall be supported for each channel bandwidth 
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--------------- End of text proposal ---------------
Appendix A
	Parameter
	Min
	Typical
	Max
	Unit
	Condition

	Operating Power Supply Voltage
	3
	3.4
	4.2
	V
	

	Frequency Range
	
	698-806
	
	MHz
	

	Linear Output
	
	28
	
	dBm
	

	Power Added Efficiency
	
	30
	
	%
	Pout=28dBm

	Small-Signal Gain
	
	30
	
	dB
	

	Output Harmonics
	
	-40
	
	dBc
	Pout=28dBm

	Output Noise Level
	
	-135
	
	dBm/Hz
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