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1 Introduction

During the last RAN Plenary, RAN#58 (Barcelona), the work item LTE Advanced Carrier Aggregation of Band 1 and Band 26 was approved [1].  Analysis regarding harmonics and/or Inter-Modulation Distortions (IMDs) between Band 1 and Band 26 would be provided in this contribution to study co-existence and/or self-interference impacts.  In summary, the products caused by band(s) are attenuated enough and, therefore, performance degradation would be quite minimal for inter-band CA of Band 1+26 and no additional co-existence study is required. TP for TR36.851 is available in annex section.
2 Background
Figure 1 shows the frequency arrangement of Band 1 and Band 26 just for reference.  Note that sizes are not scaled.
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Figure 1. Frequency arrangement: Band 1 and Band 26
Band 1 and Band 26 shall be categorized as High and Low band, respectively.  In this contribution, we investigate influences of harmonics and IMDs caused by Band 1 and Band 26.
3 Analysis
Table 1 summarizes frequency ranges where harmonics occur due to Band 1 or Band 26 for both UL and DL. 
Table 1. Frequency ranges where harmonics occur
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

	26
	814
	849
	859
	894
	1628
	1698
	2442
	2547
	1718
	1788
	2577
	2682


One can see that distortions caused by harmonics of each band never locate within the passband of the other one, as a consequence, harmonics do not play a bad role for inter-band CA of Band 1+26.

As well as harmonic distortions, IMDs are summarized in Table 2.  Same observation would be made for perspective of IMDs. For this CA combination, quite few impacts would be caused by both harmonics and IMDs. 
Table 2. Frequency ranges where IMDs occur (DL)
	Band
	DL low band edge
	DL high band edge
	DL 3rd order products
	DL 5th order products

	1
	2110 MHz
	2170 MHz
	N/A
3326 – 3481 MHz
	N/A
4542 – 4792 MHz

	26
	859 MHz
	894 MHz
	
	


4 Proposal
In this contribution, we have investigated the impacts which are caused by harmonics and IMDs and, as a result, both of them would be attenuated enough so that degradation would be minimal in this CA combination. Therefore, we propose as following;
Proposal 1: Inter-band CA combination of Band 1 and Band 26 shall be categorized as A1.

Proposal 2: If Proposal 1 is agreeable in RAN4, (∆TIB, ∆RIB) shall be (0.3, 0) dB, respectively.


Proposal 3: Results observed in this contribution shall be captured in TR36.851.
TP for TR 36.851 is attached in the annex section.
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6.1.X
LTE Advanced Carrier Aggregation of Band 1 and Band 26 
CA_1-26 is designed to operate in the operating bands defined in Table 6.1.X-1.

Table 6.1.X-1: Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

	CA_1-26
	1
	1920 MHz
	–
	1980 MHz
	5, 10, 15, 20 
	2110 MHz
	–
	2170 MHz
	5, 10, 15, 20
	FDD

	
	26
	814 MHz
	–
	849 MHz
	5, 10, 15
	859 MHz
	–
	894 MHz
	5, 10, 15
	FDD


6.1.X.1

List of specific combination issues

6.1.X.1.1
Channel bandwidths per operating band for CA

Table 6.1.X.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-26A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	26
	
	
	Yes
	Yes
	Yes
	


6.1.X.1.2
Co-existence studies for CA_1-26
Although Band 1 and Band 26 are a High-Low band combination, the harmonic frequencies do not fall into the frequency ranges of both bands as observed in Table 6.1.X.1.2-1. Therefore we can conclude that there is no issue on harmonic interference.

Table 6.1.X.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

	26
	814
	849
	859
	894
	1628
	1698
	2442
	2547
	1718
	1788
	2577
	2682


Table 6.1.X.1.2-2 gives the frequency range of the third and fifth order intermodulation products when two simultaneous DLs are active in Band 1 and band 26. It can be seen that the intermodulation products are not falling within the two inter-bands and therefore no further relaxation is needed.
Table 6.1.X.1.2-2: Third order and fifth order intermodulation products (DL)

	Band
	DL low band edge
	DL high band edge
	DL 3rd order products
	DL 5th order products

	1
	2110 MHz
	2170 MHz
	N/A
3326 – 3481 MHz
	N/A
4542 – 4792 MHz

	26
	859 MHz
	894 MHz
	
	


6.1.X.1.3
∆TIB and ∆RIB values

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 26.
Table 6.1.X.1.3-1: IB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-26A
	1
	0.3

	
	26
	0.3


Table 6.1.X.1.3-2: RIB 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_1A-26A
	1
	0

	
	26
	0


----- Unchanged sections omitted -----
----- End of TP -----
