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1.
Introduction

In RAN#47, a new work item (WI) Adding 2 GHz band LTE for ancillary terrestrial component (ATC) of MSS in North America was approved [1]. A Technical Report (TR) has been created to collect appropriate information regarding the WI [2]. This document provides a text proposal to the TR on the study of the specific UE RF requirements for this band.
2.
Text Proposal
<Start of change>

5.1      Operating bands and channel arrangement
<Text to be added>

Two operators, namely TerreStar and DBSD North America, have been authorized by the FCC to deploy networks in this band. Each of them is assigned a 10 MHz pair: 

•
Terrestar block  : 2000 – 2010 MHz Uplink, 2190-2200 MHz Downlink (Authorization provided by FCC Docket  DA 10-60)

•
DBSD block: 2010 – 2020 MHz Uplink, 2180-2190 MHz Downlink (Authorization provided by FCC Docket DA 09-38)

The two company’s spectrum blocks are adjacent to each other forming an “inner block” and an “outer block,” but have different duplex spacings: 190 MHz for the Terrestar block and 170 MHz for the DBSD block.  Thus, defining this as a single band necessitates that two duplex spacings be supported.

5.1.1
Frequency bands

The S-band is being specified as a single operating band supported by a single duplexer, a default duplex spacing of 180 MHz which allows a variability of ±10 MHz. This would cover the two operator allocations defined above and is defined in Table 5.2-1:

Table 5.2-1: E-UTRA frequency bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	[23]
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	V-FDD
(Note 1)

	Note 1: The duplex spacing is defined in Tables 5.2-4 and 5.2-5


5.1.2 
Channel bandwidths per operating band

The transmission bandwidth configuration in Table 5.2-2 shall be supported for each of the specified channel bandwidths. 

Table 5.2-2: E-UTRA channel bandwidth

	E-UTRA band / channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	[23]
	Yes
	Yes
	Yes
	 Yes
	
	


5.1.3
Carrier frequency and EARFCN 

The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in Table 5.2-3 and NDL is the downlink EARFCN.


FDL = FDL_low + 0.1(NDL – NOffs-DL)

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in Table 5.2-3 and NUL is the uplink EARFCN.


FUL = FUL_low + 0.1(NUL – NOffs-UL)

Table 5.2-3 E-UTRA channel numbers

	E-UTRA Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	[23]
	2180
	7500
	7500 – 7699
	2000
	25500
	25500 – 25699


5.1.4
TX–RX frequency separation

The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.2-4 for the TX and RX channel bandwidths defined in Table 5.2-2.

Table 5.2-4: Default UE TX-RX frequency separation

	E-UTRA Operating Band
	TX -  RX 
carrier centre frequency
separation

	[23]
	180 MHz


The range E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separations for operating bands supporting variable duplex FDD is specified in Table 5.2-5
Table 5.2-5: TX-RX frequency separation for operating bands supporting variable duplex FDD
	E-UTRA Operating Band
	TX -  RX 
carrier centre frequency
separation

	
	Allowed offset
	Separation

	[23]
	-10 MHz
	170 MHz

	
	+10 MHz
	190 MHz



5.2.2      UE Maximum Output Power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 5.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	[23]
	
	
	
	
	23
	±2
	
	


5.2.3
     UE Maximum Output Power with additional requirements 

A-MPR is needed to meet additional FCC emission requirements and possible UE coexistence requirements.  Detailed number will be determined in the future study. 

Table 5.2.3-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_0x
	TBD
	[23]
	TBD
	TBD
	TBD

	


<Text to be added>






6.6
Output RF spectrum emissions
The following figures overlay the FCC-S-Band emission requirements with LTE OOBE additional emission mask for NS_03.  It is always assumed in these figures that the LTE channel is located at the edge of the Lower Block or Upper Block.  The unit of emission is dBm/MHz. It should be noted that the FCC requirement within the first 1 MHz outside of the channel edge is not drawn in the figures. According to the FCC ruling on S-band, within the the first 1 MHz immediately outside of channel edge, the maximum emission power level is -13 dBm and the measurement bandwidth used can be 1% of the emission bandwidth. This conforms with definition of general OOBE emission mask for the first 1 MHz.  

From the figures below, it was found that the FCC has more stringent emission requirement than that of LTE OOBE  in the frequency range from 1995 to 2000 MHz.  We prefer to address this emission requirement difference in UE Co-Existence requirements instead of adding a new OOBE mask for S-band due to the following reasons. First, the strict FCC emission requirement of -40dBm/MHz at 1995 MHz frequency range is intended to protect G-block so this is an UE coexistence issue.  Second,  LTE OOBE is defined with respect to the LTE channel instead of operation band, while the FCC emission requirements for the 1995-2000 MHz range is the requirement for the S-band.  If this FCC requirement is reflected in a new OOBE mask, it has to assume the worst case that the  LTE channel edge is located at 2000 MHz, ie.lower boundary of the S-band, as shown in the Figure 2 a).  The OOBE has to drop to the level of -40 dBm/MHz just 5 MHz away from the channel edge.  This requirement is unnecessarily stringent for a LTE channel allocated not on the lower edge of S-band. For example, for a LTE channel located in the upper half of the S-band, as shown in the Figure 1 a),  as far as the OOBE drops to -40dBm/MHz after 15 MHz,  the FCC requirement is still satisfied.  This requirement difference for different LTE channel locations can not be reflected in the OOBE mask. 
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(a) OOBE Requirements for an S-band channel with its Lower Edge at 2010 MHz
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(b) OOBE Requirements for an S-band Channel with its Upper Edge at 2020 MHz
Figure 1. Comparison of  S-Band Upper block FCC requirements and LTE OOBE Mask (NS_03).
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(a) OOBE Requirements for an S-Band Channel with its Lower Edge at 2000 MHz
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(b) OOBE Requirements for an S-band Channel with its Upper Edge at 2010 MHz
Figure 2. Comparison of  S-Band Lower block FCC requirements and LTE OOBE Mask (NS_03)

6.6.2.2
Additional Spectrum Emission Mask 
This requirement is specified in terms of an "additional spectrum emission" requirement.

6.6.2.2.1
Minimum requirement (network signalled value "NS_03")

S-band  uses the additional spectrum emission mask of NS_03.

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

When "NS_03" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.1-1.

Table 6.6.2.2.1-1: Additional requirements 

	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20
	-21 
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-5
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	-13
	-13
	1 MHz

	( 15-20
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


6.6.3
Spurious Emissions

6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands
NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.
Table 6.6.3.2-1: Requirements

	E-UTRA   Band
	Spurious emission 

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

	2
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	4
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	5
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	10
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	12
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	13
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	
	Frequency range
	763
	-
	775
	-35
	0.00625
	 

	14

 
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	 

	
	Frequency range
	763
	-
	775
	-35
	0.00625
	 

	17
	E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17, [23]
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	[23]
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1998
	-
	1999
	-21
	1
	

	
	Frequency range
	1997
	-
	1998
	-27
	1
	

	
	Frequency range
	1996
	-
	1997
	-32
	1
	

	
	Frequency range
	1995
	-
	1996
	-37
	1
	

	
	E-UTRA Band 2
	FDL_low  
	- 
	FDL_high
	TBD
	TBD
	


7. Receiver characteristics  

The frequency range of S-band (UL 2000 to 2020 MHz, DL 2180 to 2200 MHz) is very similar to the Band 1 (UL 1920 to 1980 MHz,  DL 2110 to 2170 MHz). Both bands have very large duplex spacing so the self interference is insignificant. It is also expected that UE coexistence emissions requirements will be addressed by A-MPR rather than by imposing additional requirements on the Tx filtering. Therefore, it is expected the receiver characteristics of S-band should be the same as those of Band 1.  

7.3
Reference sensitivity power level
7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	[23]
	-105.2
	-101.7
	-100
	 -97
	
	
	FDD


Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met.
Table 7.3.1-2: Minimum uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	[23]
	6
	15
	25
	50
	
	
	FDD


7.3.2

Requirement for large transmission configurations 

For some combinations of bandwidths and operating bands, a certain relaxation of the UE performance is allowed when the transmission configuration is larger than that in Table 7.3.1-2. Table 7.3.2-1 specifies the allowed maximum sensitivity degradation (MSD) when the UL resource block allocation is the maximum supported transmission bandwidth configuration NRB (Table 5.6-1). Unless given by Table 7.3.1-3, the MSD shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.  
Table 7.3.2-1: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dB)
	3 MHz
(dB)
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	Duplex Mode

	[23]
	n/a
	n/a
	n/a
	n/a
	
	
	FDD


7.6
Blocking characteristics

7.6.1
In-band blocking

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.. 
7.6.1.1
Minimum requirements
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables  7.6.1.1-1 and 7.6.1.1-2.
Table 7.6.1.1-1: In band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power

	dBm


	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FIoffset, case 1 
	MHz
	2.1+0.0125
	4.5+0.0075
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	FIoffset, case 2 
	MHz
	3.5+0.0075
	7.5+0.0075
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	Note 1: 
The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2.
Note 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1





Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	Units 
	Case 1
	Case 2
	Case 3

	
	PInterferer
	dBm
	-56
	-44
	-30

	
	FInterferer

(Offset)
	MHz
	=-BW/2 - FIoffset, case 1
&

=+BW/2 + FIoffset, case 1
	( -BW/2- FIoffset, case 2
&

( +BW/2 + FIoffset, case 2
	-BW/2 – 9 MHz

&

-BW/2 – 15 MHz

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,12, 13, 18, 19, 20, 21, [23] 33,34,35,36,37,38,39,40
	FInterferer
	MHz
	  (Note 2)
	FDL_low    -15 
to 

FDL_high  +15 
	

	17
	FInterferer
	MHz
	(Note 2)
	FDL_low    -9.0   

to 

FDL_high  +15
	FDL_low   -15  

and

FDL_low  -9.0  (Note 3)

	Note

1
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band.

2
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 -FIoffset, case 1 and

b. the carrier frequency + BW/2 + FIoffset, case 1.

3
Finterferer range values for unwanted modulated interfering signal are interferer center frequencies. 
4
Case 3 only applies to assigned UE channel bandwidth of 5 MHz.


7.6.2
Out-of-band blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band.  For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in sub-clause 7.5.1 and sub-clause 7.6.1 shall be applied.
7.6.2.1
Minimum requirements
. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables  7.6.2.1-1 and 7.6.2.1-2.
For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configuration (see Figure 5.4.2-1). For these exceptions the requirements of clause 7.7 Spurious response are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configurations (see Figure 5.4.2-1) and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of clause 7.7 spurious response are applicable.
Table 7.6.2.1-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	Note 1:
The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2.

Note 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.


	Table 7.6.2.1-2: Out of band blocking

E-UTRA band
	Parameter
	Units 
	Frequency  

	
	
	
	range 1
	range 2
	range 3
	range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5

6, 7, 8, 9, 10,11,12, 13, 17, 18, 19, 20, 21,  [23], 33,34, 35, 36, 37, 38, 39, 40
	FInterferer (CW)


	MHz


	FDL_low    -15 to

FDL_low    -60 
	FDL_low    -60 to

FDL_low    -85 
	FDL_low    -85 to  

1 MHz
	-

	
	
	
	FDL_high  +15 to

FDL_high  + 60 
	FDL_high  +60 to

FDL_high  +85 
	FDL_high  +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	Note: For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.


<End of change>
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