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1. Introduction
During RAN#59 (Vienna), the study item titled “Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US” was approved [1].  The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the uplink band coincides with band 24 UL from 1626.5 to

1660.5 MHz. In this contribution, we address the UE transmitter RF requirements considering IMD and harmonic for this proposed band, comparing the two pairing alternatives for this proposed band. In addition, we will address the UE receiver RF requirements.
2. Study on the harmonic and IMD of Proposed band UE
Figure 1. depicts the proposed configuration for this band. The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the corresponding paired 10 MHz uplink band is included within band 24 UL, 1626.5 to 1660.5 MHz. In particular the proposed UL band is either 1627.5 to 1637.5 MHz, or 1646.7 to 1656.7 MHz. Tables 1. and 2. depict the proposed operating band configurations 
.
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Figure 7.1: Proposed Band including B24 UL
Table 1: LTE proposed operating band configuration; option 1
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	TRX separation

	
	UE transmit / BS receive
	Channel BW [MHz]
	UE receive / BS transmit
	Channel BW [MHz]
	

	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz)  –  FDL_high (MHz)
	
	

	XX
	1627.5
	-
	1637.5
	[5]/[10]
	1670
	–
	1680
	[5]/[10]
	42.5 MHz


Table 2: LTE proposed operating band configuration; option 2
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	TRX separation

	
	UE transmit / BS receive
	Channel BW [MHz]
	UE receive / BS transmit
	Channel BW [MHz]
	

	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz)  –  FDL_high (MHz)
	
	

	XX
	1646.7
	-
	1656.7
	[5]/[10]
	1670
	–
	1680
	[5]/[10]
	23.3 MHz


2-1.  UE Tx RF harmonic and IMD analysis

In Tables 3, 4 the IMD and harmonic products for the two UL options for this proposed band are presented, respectively. These harmonics and IMD products are caused by the nonlinearities at the output of the UE transmit PA, and could potentially appear at the receiver antenna connector as spurious emission. These products will not be attenuated by the receiver filter, and could potentially pass into the receive path and desensitize the receiver
Table 3: UE IMD products for the two pairing options for the proposed bands 
	UL Pairing Options
	Option 1
	Option 2

	f1_low
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	1627.5
	1637.5
	1646.7
	1656.7

	Two-tone 3rd order IMD products
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|

	IMD frequency range (MHz)
	1617.5 to 1647.5
	1636.7 to 1666.7

	
	
	
	

	Two-tone 3rd order IMD products
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)

	IMD frequency range (MHz)
	4892.5 to 4902.5
	4950.1 to 4960.1

	
	
	
	

	Two-tone 5th order IMD products
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)

	IMD frequency range (MHz)
	1607.5 to 1657.5
	1626.7 to 1676.7

	
	
	
	

	Two-tone 7th order IMD products
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)

	IMD frequency range (MHz)
	1597.5 to 1667.7
	1616.7 to 1686.7


Table 4: UE harmonic products for the two pairing options for the proposed bands 
	UE UL carriers
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	1627.5
	1637.5
	1646.7
	1656.7


	2nd order harmonics frequency range (MHz)
	3255 to 3275
	3293.4 to 3313.4

	3rd order harmonics frequency range (MHz)
	4882.5 to 4912.5
	4940.1 to 4970.1


From Tables 3 and 4 the following impacts from IMD and harmonics from each of the two alternatives can be observed: 

1. Option 1:

a. None of the harmonics fall into either own DL or any other LTE band, which means there is no harmonic problem from this proposed band.

b. None of the IMD products fall into own DL. 

c. The 3rd order IMD product falls into band 24 UL. 

d. The 5th order IMD product falls into the upper edge of GNSS band, with considerably low power. 

e. The 5th order IMD product falls into band 24 band, with considerably low power.

f. The 7th order IMD falls into GNSS band, with considerably low power. 

g. The 7th order IMD product falls into band 24 band, with considerably low power.
2. Option 2:

a. None of the harmonic products fall into either own DL or any other LTE band, which means there is no harmonic problem from this proposed band.
b. The 3rd order IMD product falls into band 24 UL. 

c. The 5th order IMD product falls into own DL band, with considerably low power. 

d. The 5th order IMD falls into band 24 band, with considerably low power.

e. The 7th order IMD product falls into own DL band, with considerably low power. 

f. The 7th order IMD falls into band 24 band, with considerably low power.

2-2.  Spurious emission for UE co-existence 
From the UE-to-UE coexistence analysis and harmonic/IMD product analysis in this paper, Tables 5 and 6 provide the spurious emission requirements for UE-to-UE coexistence of this proposed band for the two alternative UL pairings, respectively. 
Table 5: Spurious emission band UE co-existence of this proposed band for option 1 UL pairing
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range 
(MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	XX
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 41
	FDL_low
	-
	FDL_high
	-50
	1
	


Table 6: Spurious emission band UE co-existence of this proposed band for option 2 UL pairing
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range 
(MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	XX
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 41
	FDL_low
	-
	FDL_high
	-50
	1
	


2-3. Other expected UE Tx/Rx RF requirements
In Table 7, detailed descriptions on UE RF requirements are provided to predict any potential requirements changes for two pairing alternatives of this proposed band. 

Table 7: Considering UE RF requirements for the proposed band
	Clause
	Description
	Requirement for option 1
	Requirement for option 2

	6.2.2
	UE Maximum Output Power
	No changes are needed for power class 3.  
	FFS, due to the small duplex gap and Tx-Rx separation.

	6.2.4
	UE Maximum Output Power with additional requirements (A-MPR)
	No changes are expected. 
	FFS. Co-existence with band 24 DL to be studied

	6.6.2.2
	Additional Spectrum Emission Mask
	No changes are needed to protect adjacent coexistence bands, due to no IMD and harmonic with other DL bands. 
	No changes are needed to protect adjacent coexistence bands,  due to no IMD and harmonic with other DL bands

	6.6.3.2
	Spurious emission band UE co-existence
	Defines SE requirements as -50dBm/MHz to protect UE coexistence bands. FFS for co-existence with 
	Defines SE requirements as -50dBm/MHz to protect UE coexistence bands.

	7.3.1
	Reference sensitivity requirement
	No changes are expected. 

	FFS, due to the small duplex gap and Tx-Rx separation

	7.5, 7.6, 7.7, and 7.8
	ACS, blocking, spurious, and intermod
	FFS, due to proximity with band 24 UE transmitting from 1646.7-1656.7 MHz. 
	FFS. due to the small duplex gap and Tx-Rx separation, as well as UE-UE co-existence.


3. Conclusions

In this contribution the harmonics and IMD products of UE Tx RF path for the two UL pairing alternatives of this proposed band. The UE Tx RF spurious emission of this proposed band co-existing with the UE of other bands are proposed. 
4. Reference
[1] RP-130202:  "Study Item Proposal: Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US ", RAN #59, Feb. 2013
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Figure 7.1: Proposed Band including B24 UL
The LTE deployment in this band will adhere to all 3GPP terrestrial out-of-band requirements for spurious emissions including those for UE, eNB, and UE-to-UE emissions as will be defined in 3GPP TS 36.101, TS 36.104, 3GPP TS 25.101, and other relevant documents. 

The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the corresponding paired 10 MHz uplink band is included within band 24 UL, 1626.5 to 1660.5 MHz (Figure 7.1). In particular the proposed UL band is either 1627.5 to 1637.5 MHz, or 1646.7 to 1656.7 MHz. These configurations are depicted in Figure 7.2. 
As depicted in Figure 7.2, the band would consider both 5 MHz and 10 MHz channel bandwidths. The 5 MHz deployment is considered for the markets with exclusion zone requirements to coordinate with weather services in 1675-1680 MHz. Tables 7.1. and 7.2. depict the proposed operating band configurations
Table 7.1: LTE proposed operating band configuration; option 1
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	TRX separation

	
	UE transmit / BS receive
	Channel BW [MHz]
	UE receive / BS transmit
	Channel BW [MHz]
	

	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz)  –  FDL_high (MHz)
	
	

	XX
	1627.5
	-
	1637.5
	[5]/[10]
	1670
	–
	1680
	[5]/[10]
	42.5 MHz


Table 7.2: LTE proposed operating band configuration; option 2
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	TRX separation

	
	UE transmit / BS receive
	Channel BW [MHz]
	UE receive / BS transmit
	Channel BW [MHz]
	

	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz)  –  FDL_high (MHz)
	
	

	XX
	1646.7
	-
	1656.7
	[5]/[10]
	1670
	–
	1680
	[5]/[10]
	23.3 MHz


<Next Modification>

8.5   UE Tx RF Requirements 

8.5.1   UE Tx RF harmonic and IMD analysis
In Tables 8.5.1.1 and 8.5.1.2 the IMD and harmonic products for the two UL options for this proposed band are presented, respectively. These harmonics and IMD products are caused by the nonlinearities at the output of the UE transmit PA, and could potentially appear at the receiver antenna connector as spurious emission. These products will not be attenuated by the receiver filter, and could potentially pass into the receive path and desensitize the receiver
Table 8.5.1.1: UE IMD products for the two pairing options for the proposed bands 
	UL Pairing Options
	Option 1
	Option 2

	f1_low
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	1627.5
	1637.5
	1646.7
	1656.7

	Two-tone 3rd order IMD products
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|
	|2*f1_low – f1_high|
	|2*f1_high – f1_low|

	IMD frequency range (MHz)
	1617.5 to 1647.5
	1636.7 to 1666.7

	
	
	
	

	Two-tone 3rd order IMD products
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)
	(2*f1_low + f1_high)
	(2*f1_high + f1_low)

	IMD frequency range (MHz)
	4892.5 to 4902.5
	4950.1 to 4960.1

	
	
	
	

	Two-tone 5th order IMD products
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)
	(3*f1_low – 2*f1_high)
	(3*f1_high – 2*f1_low)

	IMD frequency range (MHz)
	1607.5 to 1657.5
	1626.7 to 1676.7

	
	
	
	

	Two-tone 7th order IMD products
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)
	(4*f1_low – 3*f1_high)
	(4*f1_high -3*f1_low)

	IMD frequency range (MHz)
	1597.5 to 1667.7
	1616.7 to 1686.7


Table 8.5.1.2: UE harmonic products for the two pairing options for the proposed bands 
	UE UL carriers
	f1_low
	f1_high
	f1_low
	f1_high

	UL frequency (MHz)
	1627.5
	1637.5
	1646.7
	1656.7



	2nd order harmonics frequency range (MHz)
	3255 to 3275
	3293.4 to 3313.4

	3rd order harmonics frequency range (MHz)
	4882.5 to 4912.5
	4940.1 to 4970.1


From Tables 8.5.1.1 and 8.5.1.2 the following impacts from IMD and harmonics from each of the two alternatives can be observed: 

3. Option 1:

a. None of the harmonics fall into either own DL or any other LTE band, which means there is no harmonic problem from this proposed band.

b. None of the IMD products fall into own DL. 

c. The 3rd order IMD product falls into band 24 UL. 

d. The 5th order IMD product falls into the upper edge of GNSS band, with considerably low power. 

e. The 5th order IMD product falls into band 24 band, with considerably low power.

f. The 7th order IMD falls into GNSS band, with considerably low power. 

g. The 7th order IMD product falls into band 24 band, with considerably low power.
4. Option 2:

a. None of the harmonic products fall into either own DL or any other LTE band, which means there is no harmonic problem from this proposed band.
b. The 3rd order IMD product falls into band 24 UL. 

c. The 5th order IMD product falls into own DL band, with considerably low power. 

d. The 5th order IMD falls into band 24 band, with considerably low power.

e. The 7th order IMD product falls into own DL band, with considerably low power. 

f. The 7th order IMD falls into band 24 band, with considerably low power.

<Next Modification>

8.5.2 Spurious emission for UE co-existence 
From the UE-to-UE coexistence analysis and harmonic/IMD product analysis in this paper, Tables 8.5.2.1 and 8.5.2.2 provide the spurious emission requirements for UE-to-UE coexistence of this proposed band for the two alternative UL pairings, respectively. 
Table 8.5.2.1: Spurious emission band UE co-existence of this proposed band for option 1 UL pairing
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range 
(MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	XX
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 41
	FDL_low
	-
	FDL_high
	-50
	1
	


Table 8.5.2.2: Spurious emission band UE co-existence of this proposed band for option 2 UL pairing
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range 
(MHz)
	Level (dBm)
	Bandwidth (MHz)
	Comment

	XX
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 41
	FDL_low
	-
	FDL_high
	-50
	1
	


8.5.3 Other expected UE Tx/Rx RF requirements
In Table 8.5.3.1, detailed descriptions on UE RF requirements are provided to predict any potential requirements changes for two pairing alternatives of this proposed band. 

Table 8.5.3.1: Considering UE RF requirements for the proposed band
	Clause
	Description
	Requirement for option 1
	Requirement for option 2

	6.2.2
	UE Maximum Output Power
	No changes are needed for power class 3.  
	FFS, due to the small duplex gap and Tx-Rx separation.

	6.2.4
	UE Maximum Output Power with additional requirements (A-MPR)
	No changes are expected. 
	FFS. Co-existence with band 24 DL to be studied

	6.6.2.2
	Additional Spectrum Emission Mask
	No changes are needed to protect adjacent coexistence bands, due to no IMD and harmonic with other DL bands. 
	No changes are needed to protect adjacent coexistence bands,  due to no IMD and harmonic with other DL bands

	6.6.3.2
	Spurious emission band UE co-existence
	Defines SE requirements as -50dBm/MHz to protect UE coexistence bands. FFS for co-existence with 
	Defines SE requirements as -50dBm/MHz to protect UE coexistence bands.

	7.3.1
	Reference sensitivity requirement
	No changes are expected. 

	FFS, due to the small duplex gap and Tx-Rx separation

	7.5, 7.6, 7.7, and 7.8
	ACS, blocking, spurious, and intermod
	FFS, due to proximity with band 24 UE transmitting from 1646.7-1656.7 MHz. 
	FFS. due to the small duplex gap and Tx-Rx separation, as well as UE-UE co-existence.
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