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1.  Introduction

The WI on Band 1 + Band 11 carrier aggregation was approved in RAN#61[1]. This paper discusses harmonics/IMDs effects to be introduced by this combination and proposes TP for the relevant technical report.
2.  Basic Scheme
The WI is intended to support 1 UL/ 2DL only, with bandwidth combinations below. 

	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_1-11
	1
	1920 MHz
	–
	1980 MHz
	5,10, 15, 20 
(note 1)
	2110 MHz
	–
	2170 MHz
	5, 10, 15, 20
	FDD

	
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
(note 1)
	 1475.9 MHz
	–
	 1495.9 MHz
	5, 10
	

	NOTE 1:   Only one uplink component carrier is to be supported in any of the two frequency bands at any time.



Table. 1  Combinations to be supported
As this combination includes 1.5GHz (mid-band), CA 1-11 is designated as class A5.
3.  UE harmonics
Since the WI covers 1 UL only, the issue is whether higher harmonics of  UL of one band fall into DL band of the other. The harmonics to be appeared are shown in the table 2. 
	
	
	
	
	
	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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7


Table. 2  Harmonic relation in UE

No fall down is observed in UE Rx frequencies of Band 1/11 and their proximity. Therefore we can conclude this pair does not include any harmful harmonics relation.

Observation 1:  In a UE, no harmful fall down is observed for B1+B11 CA. 
4.  BS harmonics/IMDs
The relation between DL Tx, their harmonics and IMDs are shown in table.3. We should check if the Tx combination may introduce interference to possible Rx bands including those used for the CA..
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2110
	2170

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4220
	4340

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	6330
	6510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	614.1
	694.1
	3585.9
	3665.9

	Two tone 3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	881.8
	781.8
	2724.1
	2864.1

	Two tone 3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	5061.8
	5161.8
	5695.9
	5835.9

	Three tone 3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1415.9
	1555.9
	2090
	2190


Table. 3  Harmonic/IMD relations in BS
From the table, it is observed that:

· 2nd and 3rd order harmonics don’t fall into any 3GPP defined BS receive frequencies,

· 2nd order IMD will fall into BS receive frequencies of  Band 42, 43,
· Two-tone 3rd order IMD will fall into BS receive frequencies of Band 5, 8, 13, 14, 18, 19, 26, 27 and
· Three-tone 3rd order IMD will fall into BS receive frequencies of Band 11, 21.

On the other hand, the issue of possible desensitisation due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 1 and 11. So we can conclude: 
Observation 2: In a BS, no CA specific issue is observed on harmonics/IMD.
5.  Conclusion
This contribution checks harmonics/IMDs issues introduced by CA 1+11 and the following TP is proposed to reflect observations above: no harmful interaction due to harmonics/IMD is foreseen both in UE/BS.
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6.5.2
LTE Advanced Carrier Aggregation of Band 1 and Band 11 (1 UL)
Table 6.5.2-1: Inter-band CA 
	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_1-11
	1
	1920 MHz
	–
	1980 MHz
	5,10, 15, 20 
(note 1)
	2110 MHz
	–
	2170 MHz
	5, 10, 15, 20
	FDD

	
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
(note 1)
	 1475.9 MHz
	–
	 1495.9 MHz
	5, 10
	

	NOTE 1:   Only one uplink component carrier is to be supported in any of the two frequency bands at any time.


6.5.2.1

List of specific combination issues
6.5.2.1.1
Channel bandwidths per operating band for CA

Table 6.5.2.1.1-1: 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-11A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	11
	
	
	Yes
	Yes
	
	


6.5.2.1.2
Co-existence studies for CA_1-11
As shown in table 6.5.2.1.2-1, the harmonic frequencies of band 1 and band 11 in UL are away from the receive bands of interest in the DL and we can conclude that there is no issue on UL harmonic interference.

Table 6.5.2.1.2-1: Impact of UL Harmonic Interference

	
	
	
	
	
	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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7


Table 6.5.2.1.2-2: Band 1 and Band 11 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2110
	2170

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4220
	4340

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	6330
	6510

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	614.1
	694.1
	3585.9
	3665.9

	Two tone 3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	881.8
	781.8
	2724.1
	2864.1

	Two tone 3rd order IMD products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IMD frequency limits (MHz)
	5061.8
	5161.8
	5695.9
	5835.9

	Three tone 3rd order IMD products
(Considering Max BW)
	(f1_low – max BW f2)
	(f1_high + max BW f2)
	(f2_low – max BW f1)
	(f2_high + max BW f1)

	IMD frequency limits (MHz)
	1415.9
	1555.9
	2090
	2190


From table 6.5.2.1.2-2, it is observed that:

· 2nd and 3rd order harmonics don’t fall into any 3GPP defined BS receive frequencies,

· 2nd order IMD will fall into BS receive frequencies of  Band 42, 43,

· Two-tone 3rd order IMD will fall into BS receive frequencies of Band 5, 8, 13, 14, 18, 19, 26, 27 and

· Three-tone 3rd order IMD will fall into BS receive frequencies of Band 11, 21.

On the other hand, the issue of possible desensitisation due to IMD fall down would happen whenever a BS supports these frequencies simultaneously, regardless of whether CA is supported or not. Thus this is not a CA specific issue and BS vendors are requested to configure a BS appropriately when the bands mentioned above are operated with Band 1 and 11.
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