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1. Introduction

In the last RAN4#61 meeting, the co-existence issue between Band 26/XXVI and APAC700 was discussed. As a result, the WF on APAC700 protection was agreed [1]. In this contribution, we investigate and propose the attainable spurious emission levels of LTE Band 26 and UMTS XXVI terminals and how to specify them.
2. Discussion

2.1. Brief overview
In [1], the following WF was agreed.

1. Approve protection level of  [-50 dBm/MHz] for APAC700
2. Agree during the January 2012 Band 26 ad-hoc on the AMPR and NS requirements to meet [-50 dBm/MHz] using a 11MHz guard band 
3. Agree on the language in the CR to achieve the targeted OOBE limits during the January 2012 Band 26 ad-hoc
First of all, in order to successfully complete this WI, it is essential to conclude the discussions on APAC700 protection from LTE Band 26 as well as UMTS Band XXVI. We, however, believe that UMTS Band XXVI requirements would be consequently finalized after the conclusion of LTE Band 26 discussion. This is because LTE Band 26 can use up to the 15 MHz channel bandwidth while UMTS Band XXVI can do up to the 10 MHz channel bandwidth through DC-HSUPA. Thus, it is self-evident that UMTS Band XXVI terminals can satisfy the protection limit which LTE Band 26 terminals using the 15 MHz channel bandwidth can do without A-MPR. 
Figure 2.1-1 provides the whole picture of this co-existence issue, where APAC700 terminals need to be protected from Band 26/XXVI terminals with a 11 MHz guard band. Note that the figure provides only the APAC700 (FDD) case. The study is, however, applicable to both the APAC700 (FDD) and (TDD) cases since the upper edge of the APAC700 (TDD) was also 803 MHz. To investigate how much the Band 26/XXVI terminal can protect APAC700 (FDD) terminals, we consider that, at least, the followings need to be discussed.

· Band 26/XXVI duplexer Tx-Ant characteristic over the APAC700 frequency range.
· Noise levels from Band 26 and XXVI PAs without duplexers.
· From [2], it is expected that 1 RB transmission with the 15 MHz channel bandwidth is the worst case. Thus, the IQ image suppression requirement is deeply associated with the attainable spurious emission level. Note that this worst case is not associated with LO leakage requirement.
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 Figure 2.1-1: Relation between Band 26/XXVI and APAC700 (FDD)
2.2. Band 26/XXVI duplexer performance
Considering the general spectrum emission mask requirements, it is guaranteed that Band 26 terminals with the 15 MHz channel bandwidth can definitely satisfy -25 dBm/MHz below 799 MHz with consideration of RF front end loss after the PAs. Thus, we focus on the frequency range of 799-803 MHz which is more severe conditions. In addition, we provide the latest Band 26 duplexer characteristics from the three major device vendors, which are captured in the below Table 2.2-1. Note that in [3], 25 dB Tx-Ant attenuation for the frequency range of 703-803 MHz was provided under the conditions that temperatures are from -15 to +85 degrees and manufacturing tolerances are included. 
From Table 2.2-1, we adopt a 30 dB attenuation as a baseline in order to discuss the attainable spurious emission level of a Band 26/XXVI terminal.  
· Proposal 1: Tx-Ant = 30 dB attenuation@ 799-803 MHz shall be adopted for further discussion.

Table 2.2-1.  Band 26 duplexer characteristics
	Vendors
	Tx-Ant Att@ 799-803 MHz
	Remarks

	
	typ
	min
	

	1
	36 dB
	30 dB
	-30 to +90 degrees
Including production tolerance

	2
	43 dB
	37 dB
	-20 to +85 degree
Including production tolerance
The values come from the measurement result of real devices.
The data include loss that comes from the test board. (Approximately 0.05dB)

	3
	34 dB
	30 dB
	-25 to +85 degree
Including production tolerance


2.3.  Attainable spurious limit for Band 26/XXVI terminals
In [4], we can see the attainable spurious emission limits of a Band 26 terminal considering Band 26/XXVI duplexer performances and IQ image suppression requirements. The results of [4] are provided in Table 2.3-1.

Table 2.3-1.  Attainable spurious emission level of a Band 26 terminal
[image: image2.emf]
From the Proposal 1 in Section 2.2 and the above Table 2.3-1, we propose the followings for LTE Band 26.

· Proposal 2: For LTE Band 26, the following limits@ 799 - 803 MHz are attainable without any A-MPR.
· Note that the frequency resposnse of duplexer Tx-Ant characteristic at the 803 MHz,is very sharp as provided in the Annex 1, 2 and 3. Thus, we assumed that at least 0.3-0.4 dB margin can be obtained when the protection limit is measured over 802 – 803 MHz  with 1 MHz MBW.
	IQ image suppression (dBc)
	25
	28
	29
	30
	31
	32

	Attainable protection limits (dBm/MHz)
	-43
	-46
	-47
	-48
	-49
	-50


· Proposal 3: According to the discussion result of LO leakage and IQ image suppression requirements, one of the spurious emission levels in Proposal 2 shall be selected as the attainable value to protect APAC700 without any A-MPR.
So far, 28 dBc for both LO leakage and IQ image suppression requirements are proposed in [5]. Thus, if this contribution [5] is agreed, then, -46 dBm/MHz@ 799-803 MHz shall be specified for the protection limit of APAC700 from LTE Band 26.
As for UMTS Band XXVI, considering the spurious emission limits, DC-HSUPA terminals can satisfy at least 
-36 dBm/100 KHz = -26 dBm/MHz at 803 MHz with consideration of RF front end loss of around 4 dB after the PAs. Note that this means the emission limit is around -22 dBm/MHz at PAs. Thus, for UMTS Band XXVI, it is expected that -50 dBm/MHz is easily attainable with additional 30 dB attenuation from the duplexers. Thus, we propose the following.

· Proposal 4: For UMTS Band XXVI, -50 dBm/MHz@ 703 - 803 MHz is attainable.  
2.4. How to specify protection limits in TS 36.101 and TS 25.101
2.4.1. For LTE Band 26
Although [-50 dBm/MHz] over 703 – 803 MHz was agreed as a working assumption in the last RAN4#61 meeting, it would be beneficial to consider the fact that -50 dBm/MHz is not always required in some regions and countries. Thus, from operational point of view in such places, application of A-MPR to protect -50 dBm/MHz is not desirable since their area coverage is shrunk without any rationales. Thus, as a WF, we propose the followings.

· Proposal 5: The result of Proposal 3 shall be specified in TS36.101 as it is always satisfied by LTE Band 26 terminals.

· Proposal 6: -50 dBm/ MHz is specified only for the regions and countries where a tighter protection limit than that in Proposal 5 is required. It is additionally specified with a new NS value and an A-MPR table.
The followings are examples how to capture the above two proposals into TS 36.101.

Table 2.4.1-1: Spurious emission band UE co-existence 
	E-UTRA   Band
	Spurious emission 

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

	26
	Frequency range
	703  
	- 
	799
	-50
	1
	

	
	Frequency range
	799
	-
	803
	Proposal 3
	

	
	Frequency range
	703
	- 
	803
	-50
	1
	NoteX

	
	E-UTRA Band …
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	…
	-
	…
	…
	…
	

	
	…
	FDL_low  
	- 
	FDL_high
	-50
	1
	

	Note X
Applicable when NS_0X in section X.X.X.X.X is signalled by the network


Minimum requirement (network signalled value “NS_X”)

When “NS X” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Tables 2.4.1-2. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 2.4.1-2 from the edge of the channel bandwidth.
Table 2.4.1-2: Additional requirement 
	Frequency band     [MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth

	703 ≤ f ≤ 803 MHz
	-50
	1 MHz


2.4.2. For UMTS Band XXVI
According to the Proposal 4, -50 dBm/MHz over 703 – 803 MHz is specified as the protection limit for APAC700 from UMTS Band XXVI. The following is one of the examples how to capture the Proposal 4 into TS 25.101.
Table  2.4.2-1: Additional spurious emissions requirements

	Operating Band
	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	XXVI
	703 MHz ( f ( 803 MHz
	1 MHz
	-50 dBm

	
	…
	…
	…

	
	…
	…
	…


3. Conclusion

In this contribution, we discussed the attainable spurious emission levels of LTE Band 26 and UMTS XXVI terminals to protect APAC700 and how to specify them.  From the results of the discussions, the followings are proposed.
· Proposal 1: Tx-Ant = 30 dB attenuation@ 799-803 MHz shall be adopted for further discussion.

· Proposal 2: For LTE Band 26, the following limits@ 799 - 803 MHz are attainable without any A-MPR. 

	IQ image suppression (dBc)
	25
	28
	29
	30
	31
	32

	Attainable protection limits (dBm/MHz)
	-43
	-46
	-47
	-48
	-49
	-50


· Proposal 3: According to the discussion result of LO leakage and IQ image suppression requirements, one of the spurious emission levels in Proposal 2 shall be selected as the attainable value to protect APAC700 without any A-MPR.
· Proposal 4: For UMTS Band XXVI, -50 dBm/MH@ 703 - 803 MHz is attainable.  
· Proposal 5: The result of Proposal 3 shall be specified in TS36.101 as it is always satisfied by LTE Band 26 terminals.

· Proposal 6: -50 dBm/MHz is only specified for the regions and countries where a tighter protection limit than that in Proposal 5 is required. It is additionally specified with a new NS value and an A-MPR table.

Reference

[1] R4-116247: Band 26 coexistence way forward for coexistence for the lower end of Band 26, Sprint, SouthernLINC, KT, KDDI, NTT DOCOMO
[2] R4-113951: Simulation results (I) Co-existence with Band 18, KDDI, Nokia

[3] R4-115038: Emission limits and NS values for Band 26, Ericsson, ST-Ericsson
[4] R4-B26ah-0002: A-MPR study for APAC700 protection, Nokia Corporation
[5] R4-B26ah-0006: Way forward on LO/IQ and Band 26 co-existence, NTT DOCOMO
Annex 1: Simulation results from vendor 1
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Figure A1-1: Tx – Ant, Ant – Rx  for a Band 26/VVXI duplexer from the vendor 1
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Figure A1-3: Isolation for a Band 26 /VVXI duplexer from the vendor 1
Annex 2: Measurement result of real devices from vendor 2
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Figure A2-1: Tx – Ant for a Band 26 /VVXI duplexer from the vendor 2
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Figure A2-2: Ant – Rx for a Band 26 /VVXI duplexer from the vendor 2
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Figure A2-3: Isolation for a Band 26 /VVXI duplexer from the vendor 2
Annex 3: Simulation results from vendor 3
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Figure A3-1: Tx – Ant for a Band 26 /VVXI duplexer from the vendor 3
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Figure A3-2: Ant – Rx for a Band 26 /VVXI duplexer from the vendor 3
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Figure A3-3: Isolation for a Band 26 /VVXI duplexer from the vendor 3
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