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1.  Introduction

The WI on Band 1 + Band 8 carrier aggregation was approved in RAN#57[1]. This paper discusses harmonics/IMDs effects to be introduced by this combination and proposes TP for the relevant technical report to be created.
2.  Basic Scheme
Firstly, this pair is a “low-high” pair. The WI is intended to support 1 UL/ 2DL only, with bandwidth combinations below. While a subset is to be defined, this paper considers the full set of combinations, i.e. Bandwidth Combination Set 0. 
	E-UTRA band / channel bandwidth
	Bandwidth Combination Set

	E-UTRA CA Band
	E-UTRA Bands
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	

	B1+B8
	1
	Yes
	Yes
	Yes
	Yes
	0

	
	8
	Yes
	Yes
	
	
	

	
	1
	Yes
	Yes
	
	
	1

	
	8
	Yes
	Yes
	
	
	



Table. 1  Combinations to be supported
3.  UE harmonics
Since the WI covers 1 UL only, the issue is whether higher harmonics of Tx of one band fall into receiving band of the other. The harmonics to be appeared are shown in the table 2. 
	UE
	Rx(DL)
	Tx(UL)
	2nd Harm of Tx
	.3rd Harm. Of Tx

	
	Low
	High
	Low
	High
	Low
	High
	Low
	High

	Band 8
	925
	960
	880
	915
	1760
	1830
	2640
	2745

	Band 1
	2110
	2170
	1920
	1980
	3840
	3960
	5760
	5940


Table. 2  Harmonic relation in UE

No falldown is observed in UE Rx frequencies of Band 1/8 and their proximity. Therefore we can conclude this pair as Class A1, low-high pair without harmonics relation and default values of relaxation are applied to both bands, i.e.  ΔTIB,c = 0.3dB and ΔRIB = 0dB without further inspection of the performance of relevant RF components.

Proposal 1:  B1+B8 pair should be designated as Class A1 and default values of relaxation should be applied as　ΔTIB,c = 0.3dB and ΔRIB = 0dB for UE. 
4.  BS harmonics/IMDs
The relation between DL Tx, their harmonics and IMDs are shown in table.3. Again, we should check if the Tx combination may introduce interference to their Rx bands.
	BS Tx Carriers(DL)
	f1_low
	f1_high
	f2_low
	f2_high

	　
	925
	960
	2110
	2170

	2nd Harm
	1850
	1920
	4220
	4340

	3rd Harm
	2775
	2880
	6330
	6510

	2nd IMD
	|f2_low - f1_high|
	|f2_high - f1_low|
	|f1_low + f2_low|
	|f1_high + f2_high|

	　
	1150
	1245
	3035
	3130

	3rd IMD(type 2F2-F1)
	|2*f1_low - f2_high|
	|2*f1_high - f2_low|
	|2*f2_low - f1_high|
	|2*f2_high - f1_low|

	　
	320
	190
	3260
	3415

	3rd IMD(type 2F2+F1)
	2*f1_low+f2_low
	2*f1_high+f2_high
	f1_low+2*f2_low
	f1_high+2*f2_high

	　
	3960
	4090
	5145
	5300

	3rd IMD (3 tones)
	f1_low - Max BW(f2)
	f1_high + Max BW(f2)
	f2_low - Max BW(f1)
	f2_high + Max BW(f1)

	　
	905
	980
	2100
	2180



Table. 3  Harmonic/IMD relations in BS
In the table, there are two issues observed. Firstly, the 2nd harmonics of Band 8 DL high edge touches the low edge of Band 1 UL (indicated as orange). Secondary, three tones IMD may fall into Band 8 UL (indicated as pale green). But as noted in [2], the relevant requirements have already been covered in existing specifications as co-located BS. Thus it seems that we can regard these as “already solved”.
Then we can conclude that harmful fall downs have been addressed and solved in co-located BS requirements.
Proposal 2: in BS, it is not necessary to address harmful falldowns in CA context.  

5.  Conclusion
This contribution is intended to discuss harmonics/IMDs introduced by CA 1+8 and the following proposals are made:
Proposal 1:  B1+B8 pair should be designated as Class A1 and default values of relaxation should be applied as　ΔTIB,c = 0.3dB and ΔRIB = 0dB for UE. 
Proposal 2: in BS, it is not necessary to address harmful falldowns in CA context.

The TP is attached based upon the proposals above.
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6.1.Z
LTE Advanced Carrier Aggregation of Band 1 and Band 8 (1 UL)

Table 6.1.Z-1: Inter-band non-contiguous 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_1-8
	1
	1920 MHz
	–
	1980 MHz
	5,10, 15, 20 
(note 1)
	2110 MHz
	–
	2170 MHz
	5, 10, 15, 20
	FDD

	
	8
	880 MHz
	–
	915 MHz
	5, 10 
(note 1)
	925 MHz
	–
	960 MHz
	5, 10
	

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


6.1.Z.1

List of specific combination issues

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

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	8
	
	
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	1

	
	8
	
	
	Yes
	Yes
	
	
	


6.1.Z.1.2
Co-existence studies for CA_1-8

As shown in table below, the harmonic frequencies of band 1 and band 8 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 6.1.Z.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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745


As shown in table below, the harmonic frequencies of band 1 and band 8 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 6.1.Z.1.2-2: Band 1 and Band 8 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	2110
	2170

	2nd order harmonics frequency range (MHz)
	1850
	1920
	4220
	4340

	3rd order harmonics frequency range (MHz)
	2775
	2880
	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)
	925
	960
	2110
	2170

	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)
	190
	320
	3260
	3415

	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)
	3960
	4090
	5145
	5300

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

	IMD frequency limits (MHz)
	905
	980
	2100
	2180


It can be seen from table 6.1.Z.1.2-1 that the upper edge of  the 2nd harmonics of BS transmit band of f1 (Band 8) is on the lower edge of BS receive band of f2 (Band 1). It can also be seen that the 3rd IMD falls into BS receive band of Band 8. However, as noted in section 5.1, this issue can be regarded as covered in co-located BS scenarios and there is no need to address in Inter-band carrier aggregation context. 

6.1.Z.1.3
∆TIB and ∆RIB values
 For two simultaneous DL and only one UL, the tentative (TIB,c and (RIB values are given in the tables below.
Table 6.1.Z.1.3-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-8A
	1
	0.31)

	
	8
	0.31)

	NOTE 1:  The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses


Table 6.1.Z.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB] 



	CA_1A-8A
	1
	0

	
	8
	0
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