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1. Introduction

During RAN4#63, concern was raised on spurious emission UE- co-existence requirements for Bands 1, 11 and 21 from Band 28, which is related to LTE operation in these bands in Japan. After the discussion in the meeting, the CR in [1] for the introduction of Band 28 into TS 36.101 was agreed with some values in square brackets. With respect to this remaining issue, a separate document [2] provides the requirements to be reflected into TS 36.101. In this contribution, we discuss whether application of A-MPR is required in order to satisfy the requirements in [2]. Finally, this contribution concludes that no A-MPR is needed from the viewpoints of satisfying these requirements due to some specific situations.
2. Discussion
2.1 Overview
As explained in [2], there are two harmonic issues to be considered as illustrated in Figure 2.1-1 and Figure 2.1-2, respectively.
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Figure 2.1-1: Harmonic spurious emission falls into Bands 11 and 21 DL
[image: image2.emf]703

eA

1

10MHz

DCM

1

10MHz

KDDI

10MHz

Not 

available in 

Japan

718 748

KDDI

20MHz

SBM

20MHz

DCM

20MHz

B1 DL

2110 2170

B28 UL

728 738

Harmonic spurious from transmission 

in 718 – 723.3 MHz falls into B1 DL.

Harmonics can fall into frequency 

range 2154 – 2170MHz. 

2150 2130


Figure 2.1-2: Harmonic spurious emission falls into Band 1 DL

The protection limits of Bands 1, 11 and 21 from Band 28 provided in [2] are shown in the below Table 2.1-1. In the subsequent sections, we discussed whether A-MPR is required in order to satisfy the requirements in this table. 
Table 2.1-1: Protection limits of B1, 11 and 21 from B28 in Japan
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	28
	E-UTRA Band  1
	FDL_low
	-
	FDL_high
	-50
	1
	X, Y

	
	E-UTRA Band  11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	X, Z

	NOTE X:
Applicable when the assigned E-UTRA carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.
NOTE Y:
As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1 [4]) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).
NOTE Z:
As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 2nd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1 [4]) for which the 2nd harmonic totally or partially overlaps the measurement bandwidth (MBW).


2.2 Duplexer and PA characteristic estimation from similar bands
In this section, duplexer and PA characteristics of Band 28 are evaluated by referring to those of similar operating bands such as Bands 12 and 17. 
· General considerations
· Generally, consideration of suppression of 2nd, 3rd and higher order of harmonic emissions for LTE signals are becoming more important than those for WCDMA since LTE handles single RB transmission which has higher PSD than WCDMA case. Note that if PAs did not have sufficient harmonic suppression effect and  duplexers did not provide sufficient attenuation for harmonic emissions, it might be difficult for LTE terminals to satisfy even the general spurious emission requirements due to these harmonic emissions. This is also true for the other operating bands having the same issue such as Band 3, Band 8 and so on.

· Duplexer: 

· For 1.5 GHz Rx protection from Band 28

· Fortunately, because the victim frequency ranges 1475.9 – 1496 MHz are closely located at the frequency used for GPS, it is highly expected that Band 28 duplexer can provide sufficient attenuation over the frequency ranges around the GPS frequency.

· It should be noted that protection of GPS is essential for LTE terminals since the use of GPS signals are becoming more important for development of end-user smart-phone applications.

· Observation 1: Regardless of this harmonic emission issue, Band 28 duplexer has to provide sufficient attenuation over the frequency ranges around the GPS frequency. Accordingly, it is expected that duplexers for Band 28 Tx-Antenna path would provide sufficient attenuation characteristics over frequency range of 1475.9 – 1496 MHz.

· For 2 GHz Rx protection from Band 28
· It is highly expected that Band 28 duplexer also needs to provide sufficient attenuation over the frequency ranges of WLAN, which can also provide sufficient attenuation over the victim frequency ranges 2154 – 2170 MHz. It should be noted that protection of WLAN is essential for LTE terminals considering tethering applications.
· It should be also noted that Band 28 duplexer only have to provide large attenuation over the small part of higher frequency range(2154-2170 MHz) of Band 1 DL,  i.e., not over the entire Band 1 DL frequency range(2110 – 2170 MHz). This fact means that this harmonic issue does not complicate the duplexer designs much. 

· In order to evaluate expected attenuation by Band 28 duplexer, it would be also beneficial to consider the duplexer characteristics of Bands 12 and 17, which have similar frequency arrangement. This aspect has been already studied in [3] , which concluded that guaranteed attenuation for 3rd harmonic for Band 12/17 duplex-filter was between 27 … 38 dB. 

· Observation 2: According to [3], at least 27 dB suppression for 3rd harmonic emission in Tx-Antenna path  could be achieved by Band 28 duplexer

· Summary for duplexer considerations
· According to the above discussion, it is highly estimated that large attenuation for 2nd and 3rd harmonics emissions could be provided by Band 28 duplexer. The achievable attenuations are also demonstrated based on Band 28 duplexer simulation in Section 2.4. 

· Power Amplifier: 

· For 1.5 GHz Rx protection from Band 28

· Although suppression effect of 2nd harmonic emission was not handled in [3], we confirmed that most of the PAs dealing with 700 MHz such as Bands 12, 13, 14 and 17 can have the requirement of -35 dBc for 2nd harmonic suppression.

· Observation 3: -35 dBc for 2nd harmonic suppression effect could be achieved by Band 28 PA.
· For 2 GHz Rx protection from Band 28
· As for estimated 3rd harmonic suppression effect by Band 28 PA, adopting the similar method of duplexer characteristic estimation would be a reasonable assumption. According to the result of [3], guaranteed 3rd harmonic suppression effect at maximum Pout was in the range of – 42 .. – 50 dBc for Band 12/17 PA.
· Observation 4: At least -42 dBc for 3rd harmonic suppression effect could be achieved by Band 28 PA.
· Summary for PA considerations:

· There is a fact that most LTE PAs having the similar frequency arrangements as Band 28 provide -35 dBc and -42 dBc suppression effect for 2nd and 3rd harmonic emission, respectively. Considering that any operating bands PA anyway need to deal with this kind of harmonic issue, it would be natural that Band 28 PA would need to have similar characteristics. 
· In addition, we also confirmed the feasibilities by several major PA vendors. Thus, we conclude the followings.
· -35 dBc for 2nd harmonic suppression effect can be achieved by Band 28 PA
· -42 dBc for 3rd harmonic suppression effect can be achieved by Band 28 PA
2.3 Required duplexer attenuation
Considering the above discussion in section 2.2, the required duplexer attenuations for 2nd and 3rd harmonic emission can be summarized as shown in Table 2.3-1 and Table 2.3-2, respectively.  Note that Case 1 considers some losses in RF Front End other than duplexer IL while Case 2 does not.
Table 2.3-1: Required duplexer attenuation for 2nd harmonic emission
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Table 2.3-2: Required duplexer attenuation for 3rd harmonic emission
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From the above tables, the following results are obtained.

· 31 dB for 2nd harmonic suppression is required for Band 28 duplexer
· 22 dB for 3rd harmonic suppression is required for Band 28 duplexer
2.4 Band 28 duplexer simulation results

In this section, feasibilities of Band 28 duplexer characteristics assuming the following characteristics are studied based on the latest simulation data. 
· For 2nd harmonic emission suppression, 31 dB for Tx-Antenna path over frequency range of 1475.9 – 1496MHz
· For 3rd harmonic emission suppression, 22 dB for Tx-Antenna path over frequency range of 2154– 2170 MHz
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Figure 2.4-1: Upper side Band 28 duplexer Tx-Ant characteristics from vendor 1
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Figure 2.4-2: Upper side Band 28 duplexer Tx-Ant characteristics from vendor 2
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Figure 2.4-3: Upper side Band 28 duplexer Tx-Ant characteristics from vendor 3

From the above results, these attenuations effect are achievable with sufficient margin by taking into account several specific situations, such as GPS and WLAN protections and so on. Therefore, we propose the following.
· Proposal: No A-MPR is required to satisfy these Japanese specific requirements for harmonic spurious emission from B28.
3. Conclusion
In this contribution, we discussed whether application of A-MPR is required in order to satisfy the requirements provided in [2]. According to our analysis, it is confirmed that no A-MPR is required to satisfy these requirements considering practical implementation. Thus, we propose the following.

· Proposal: No A-MPR is required to satisfy the Japanese specific requirements for harmonic spurious emission from B28.
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