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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is a technical report of the LTE Advanced intra-band non-contiguous Carrier Aggregation in Band 3 work item which was approved at TSG RAN #55 [2]. The objective of this work item is to provide specification support for intra-band non-contiguous carrier aggregation in LTE FDD Band 3.

The report provides background, requirements and a list of recommended changes to the specifications.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-120383: "Intra-band, Non-contiguous CA for Band 3 for LTE Advanced " (revised to [3]).

[3]
RP-131359: "Revised WID for LTE Advanced intra-band non-contiguous Carrier Aggregation in Band 3".

[4]
R4-130191: "TP on harmonics and intermodulation products caused by intra-band non-contiguous CA_3 UE".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
4
Study of E-UTRA requirements

4.1
Operating bands and channel bandwidths
4.1.1
Operating bands for CA

E-UTRA CA for Band 3 is defined to operate in the entire Band 3 range, as defined in Table 4.1.1-1.

Table 4.1.1-1 Intra band CA operating band definition for operating Band 3
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_A3-A3
	3
	1710MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD


4.1.2
Channel bandwidths for CA

Table 4.1.2-1 defines the supported E-UTRA bandwidths for intra-band non-contiguous CA in Band 3.  As shown, only 5, 10, 15, and 20 MHz component carrier channel bandwidths are proposed to be supported in Band 3 carrier aggregation.

Table 4.1.2-1: Supported E-UTRA bandwidths for intra-band non-contiguous CA in Band 3
	CA operating band / channel bandwidth

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

	CA_A3-A3 (Note)
	3
	
	
	Yes
	Yes
	Yes
	Yes

	NOTE:
Combinations of component carriers with unequal channel bandwidth should also be considered. The maximum number of CCs for combination is two.


4.1.3
UL harmonics and IMD
CA_3 operates at 1710~1785 MHz for UL and 1805~1880 MHz for DL. Assuming UE transmitting in the whole range of 1710~1785 MHz, the 2nd and 3rd order of harmonics, 2nd, 3rd, 5th, and 7th order IMD are calculated and shown in table 4.1.3-1.

Table 4.1.3-1: CA_3 UL harmonics and IMD

	Harmonics and IMD
	Frequency range in MHz
	Falling into RX band?

	2nd harmonics
	3420~ 3570
	No

	3rd harmonics
	5130~ 5355
	No

	2nd order IMD
	-75~ 75
	No

	3rd order IMD
	1635~ 1860
	Yes

	5th order IMD
	1560~ 1935
	Yes

	7th order IMD
	1485~ 2010
	Yes


The UE RX band is 1805~1880 MHz. From the above table it can be seen that the 2nd and 3rd order harmonics and the 2nd order IMD do not overlap with the UE RX band, but the 3rd order IMD in 1635~1860 MHz, the 5th order IMD in 1560~1935 MHz, and the 7th order IMD in 1485~2010 MHz overlap with the UE RX band.

The two CC can be 5, 10, 15, or 20 MHz, and they are located within 1805~1880 MHz in TX. The following two figures are copied from [4] and used in this study. It is assumed that the 1st CC and 2nd CC bandwidths are a MHz and b MHz, respectively. The distance from the 1st CC to the lower band edge is c MHz, and the distance from the 2nd CC to the higher band edge is d MHz. In this study, not only the IMD caused by two tones is considered, but also the IMD caused by more than two tones.


[image: image3]
Figure 4.1.3-1: Non-contiguous CC transmitted by CA_3 UE


[image: image4]
Figure 4.1.3-2: Non-contiguous CC received by CA_3 UE

The 3rd order IMD

The 3rd order IMD, which are caused by the CA_3 UE transmitting these two CCs and may overlap with the RX band of 1805~1880 MHz, are calculated and captured in table 4.1.3-2.

Table 4.1.3-2: CA_3 UL the 3rd order IMD

	The 3rd order IMD
	Frequency range in MHz
	Falling into RX band?
	Falling into CC1?
	Falling into CC2?

	“2*f1L-f2H” ~ “2*f1H-f2L”
	“1635+2*c+d ” ~ “1635+2*a+b+2*c+d ”
	
	
	

	“2*f1L-f1H” ~ “2*f1H-f1L”
	“1710-a+c” ~ “1710+2*a+c”
	
	
	

	“f1L+f2L-f2H” ~ “f1H+f2H-f2L”
	“1710-b+c ” ~ “1710+a+b+c ”
	
	
	

	“f1L+f2L-f1H” ~ “f1H+f2H-f1L”
	“1785-a-b-d ” ~ “1785+a-d ”
	
	
	

	“2*f2L-f2H” ~ “2*f2H-f2L”
	“1785-2*b-d” ~ “1785+b-d”
	
	
	

	“2*f2L-f1H” ~ “2*f2H-f1L”
	“1860-a-2*b-c-2*d ” ~ “1860-c-2*d ”
	Yes
	Yes
	


Whenever the 3rd order IMD falls into its own RX band of 1805~1880 MHz, it causes interference to RF front-end. It may or may not fall into its own RX channels, the 1st CC and the 2nd CC. The following table provides the c and d values, corresponding to the 1st CC and the 2nd CC locations, which generate IMD falling into its own RX band of 1805~1880 MHz.

Table 4.1.3-3: CA_3 UL configurations with the 3rd order IMD falling into its RX band, 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	c+2*d < 55

	5
	10
	c+2*d < 55

	5
	15
	c+2*d < 55

	5
	20
	c+2*d < 55

	10
	5
	c+2*d < 55

	10
	10
	c+2*d < 55

	10
	15
	c+2*d < 55

	10
	20
	c+2*d < 55

	15
	5
	c+2*d < 55

	15
	10
	c+2*d < 55

	15
	15
	c+2*d < 55

	15
	20
	c+2*d < 55

	20
	5
	c+2*d < 55

	20
	10
	c+2*d < 55

	20
	15
	c+2*d < 55

	20
	20
	c+2*d < 55


From the above results, it can be seen that whenever c and d meet “c+2*d < 55 MHz”, the 3rd order IMD falls into its own RX band of 1805~1880 MHz.

Whenever the 3rd order IMD falls into its own RX channels, the 1st CC and/or the 2nd CC, it is the worst case scenario. The following table provides the c and d values, corresponding to the 1st CC and 2nd CC locations, which generate IMD falling into its own RX channel of the 1st CC (27.5-a-b<c+d<27.5). The 3rd order IMD does not falls into its own RX channel of the 2nd CC.

Table 4.1.3-4: CA_3 UL configurations with the 3rd order IMD falling into its RX channel – the 1st CC in 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	17.5 < c+d < 27.5

	5
	10
	12.5 < c+d < 27.5

	5
	15
	7.5 < c+d < 27.5

	5
	20
	2.5 < c+d < 27.5

	10
	5
	12.5 < c+d < 27.5

	10
	10
	7.5 < c+d < 27.5

	10
	15
	2.5 < c+d < 27.5

	10
	20
	c+d < 27.5

	15
	5
	7.5 < c+d < 27.5

	15
	10
	2.5 < c+d < 27.5

	15
	15
	c+d < 27.5

	15
	20
	c+d < 27.5

	20
	5
	2.5 < c+d < 27.5

	20
	10
	c+d < 27.5

	20
	15
	c+d < 27.5

	20
	20
	c+d < 27.5


From the above results, it can be seen that whenever c and d meet the condition of 27.5-a-b<c+d<27.5, which detail is listed in Table 4.1.3-4, the 3rd order IMD falls into its own RX channel of the 1st CC in 1805~1880 MHz. The 3rd order IMD does not fall into its own RX channel of the 2nd CC.

The 5th order IMD

The 5th order IMD, which are caused by the CA_3 UE transmitting these two CCs in Figure 4.1.3-1 and may overlap with the RX band of 1805~1880 MHz, are calculated and captured in the following table.

Table 4.1.3-5: CA_3 UL the 5th order IMD

	The 5th order IMD
	Frequency range in MHz
	Falling into RX?
	Falling into CC1?
	Falling into CC2?

	“3*f1L-2*f2H” ~ “3*f1H-2*f2L”
	“1560+3*c+2*d” ~ “1560+3*a+2*b+3*c+2*d”
	
	
	

	“3*f1L-f2H-f1H” ~ “3*f1H-f2L-f1L”
	“1635-a+2*c+d” ~ “1635+3*a+b+2*c+d”
	
	
	

	“3*f1L-2*f1H” ~ “3*f1H-2*f1L”
	“1710-2*a+c” ~ “1710+3*a+c”
	Yes
	
	

	“2*f1L+f2L-2*f2H” ~ “2*f1H+f2H-2*f2L”
	“1635-b+2*c+d” ~ “1635+2*a+2*b+2*c+d”
	
	
	

	“2*f1L+f2L-f2H-f1H” ~ “2*f1H+f2H-f2L-f1L”
	“1710-a-b+c” ~ “1710+2*a+b+c”
	
	
	

	“2*f1L+f2L-2*f1H” ~ “2*f1H+f2H-2*f1L”
	“1785-2*a-b-d” ~ “1785+2*a-d”
	Yes
	Yes
	

	“f1L+2*f2L-2*f2H” ~ “f1H+2*f2H-2*f2L”
	“1710-2*b+c” ~ “1710+a+2*b+c”
	
	
	

	“f1L+2*f2L-f2H-f1H” ~ “f1H+2*f2H-f2L-f1L”
	“1785-a-2*b-d” ~ “1785+a+b-d”
	Yes
	Yes
	

	“f1L+2*f2L-2*f1H” ~ “f1H+2*f2H-2*f1L”
	“1860-2*a-2*b-c-2*d” ~ “1860+a-c-2*d”
	Yes
	Yes
	Yes

	“3*f2L-2*f2H” ~ “3*f2H-2*f2L”
	“1785-3*b-d” ~ “1785+2*b-d”
	Yes
	Yes
	

	“3*f2L-f2H-f1H” ~ “3*f2H-f2L-f1L”
	“1860-a-3*b-c-2*d” ~ “1860+b-c-2*d”
	Yes
	Yes
	Yes

	“3*f2L-2*f1H” ~ “3*f2H-2*f1L”
	“1935-2*a-3*b-2*c-3*d” ~ “1935-2*c-3*d”
	Yes
	Yes
	Yes


Whenever the 5th order IMD falls into its own RX band of 1805~1880 MHz, it causes interference to RF front-end. It may or may not fall into its own RX channels, the 1st CC and the 2nd CC. The following table provides the c and d values, corresponding to the 1st CC and the 2nd CC locations, which generate the 5th order IMD falling into its own RX band of 1805~1880 MHz.

Table 4.1.3-6: CA_3 UL configurations with the 5th order IMD falling into its RX band, 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	c+2*d < 60, or

30 < 2*c+3*d < 130

	5
	10
	c+2*d < 65, or

15 < 2*c+3*d < 130

	5
	15
	d < 10, or
c+2*d < 70, or

2*c+3*d < 130

	5
	20
	d < 20, or
c+2*d < 75, or

2*c+3*d < 130

	10
	5
	c+2*d < 65, or

20 < 2*c+3*d < 130

	10
	10
	c+2*d < 65, or

5 < 2*c+3*d < 130

	10
	15
	d < 10, or
c+2*d < 70, or

2*c+3*d < 130

	10
	20
	d < 20, or
c+2*d < 75, or

2*c+3*d < 130

	15
	5
	50 < c < 55, or
d < 10, or
c+2*d < 70, or

10 < 2*c+3*d < 130

	15
	10
	d < 10, or
c+2*d < 70, or

2*c+3*d < 130

	15
	15
	d < 10, or
c+2*d < 70, or

2*c+3*d < 130

	15
	20
	d < 20, or
c+2*d < 75, or

2*c+3*d < 120

	20
	5
	35 < c < 50, or
d < 20, or
c+2*d < 75, or

2*c+3*d < 130

	20
	10
	35 < c < 45, or
d < 20, or
c+2*d < 75, or

2*c+3*d < 130

	20
	15
	35 < c < 40, or
d < 20, or
c+2*d < 75, or

2*c+3*d < 120

	20
	20
	d < 20, or
c+2*d < 70, or

2*c+3*d < 105


From the above results, it can be seen that whenever c and d meet the conditions listed in Table 4.1.3-6, the 5th order IMD falls into its own RX band of 1805~1880 MHz.

Whenever the 5th order IMD falls into its own RX channels, the 1st CC and/or the 2nd CC, it not only generates interference to its RF front-end, but also to its own RX channels. The following two tables provide the c and d values, corresponding to the 1st CC and 2nd CC locations, which generate IMD falling into its own RX channel of the 1st CC and the 2nd CC, respectively.

Table 4.1.3-7: CA_3 UL configurations with the 5th order IMD falling into its RX channel – the 1st CC in 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	15 < c+d < 30, or

100/3 < c+d < 130/3

	5
	10
	7.5 < c+d < 130/3

	5
	15
	c+d < 130/3

	5
	20
	c+d < 130/3

	10
	5
	7.5 < c+d < 130/3

	10
	10
	2.5 < c+d < 130/3

	10
	15
	c+d < 130/3

	10
	20
	c+d < 130/3

	15
	5
	c+d < 130/3

	15
	10
	c+d < 130/3

	15
	15
	c+d < 130/3

	15
	20
	c+d < 130/3

	20
	5
	c+d < 130/3

	20
	10
	c+d < 130/3

	20
	15
	c+d < 130/3

	20
	20
	c+d < 130/3


Table 4.1.3-8: CA_3 UL configurations with the 5th order IMD falling into its RX channel – the 2nd CC in 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	15 < c+d < 30

	5
	10
	7.5 < c+d < 32.5

	5
	15
	c+d < 35

	5
	20
	c+d < 37.5

	10
	5
	10 < c+d < 30

	10
	10
	2.5 < c+d < 32.5

	10
	15
	c+d < 35

	10
	20
	c+d < 37.5

	15
	5
	5 < c+d < 30

	15
	10
	c+d < 32.5

	15
	15
	c+d < 35

	15
	20
	c+d < 37.5

	20
	5
	c+d < 30

	20
	10
	c+d < 32.5

	20
	15
	c+d < 35

	20
	20
	c+d < 37.5


From the above results, it can be seen that whenever c and d meet the conditions listed in Table 4.1.3-7, the 5th order IMD falls into its own RX channel of the 1st CC in 1805~1880 MHz. Whenever c and d meet the conditions listed in Table 4.1.3-8, the 5th order IMD falls into its own RX channel of the 2nd CC in 1805~1880 MHz.

The 7th order IMD

The 7th order IMD, which are caused by the CA_3 UE transmitting these two CCs in Figure 4.1.3-1 and may overlap with the RX band of 1805~1880 MHz, are calculated and captured in the following table.

Table 4.1.3-9: CA_3 UL the 7th order IMD

	The 7th order IMD
	Frequency range in MHz
	Falling into RX?
	Falling into CC1?
	Falling into CC2?

	“4*f1L-3*f2H” ~ “4*f1H-3*f2L”
	“1485+4*c+3*d” ~ “1485+4*a+3*b+4*c+3*d”
	
	
	

	“4*f1L-2*f2H-f1H” ~ “4*f1H-2*f2L-f1L”
	“1560-a+3*c+2*d” ~ “1560+4*a+2*b+3*c+2*d”
	
	
	

	“4*f1L-f2H-2*f1H” ~ “4*f1H-f2L-2*f1L”
	“1635-2*a+2*c+d” ~ “1635+4*a+b+2*c+d”
	Yes
	
	

	“4*f1L-3*f1H” ~ “4*f1H-3*f1L”
	“1710-3*a+c” ~ “1710+4*a+c”
	Yes
	
	

	“3*f1L+f2L-3*f2H” ~ “3*f1H+f2H-3*f2L”
	“1560-b+3*c+2*d” ~ “1560+3*a+3*b+3*c+2*d”
	
	
	

	“3*f1L+f2L-2*f2H-f1H” ~ “3*f1H+f2H-2*f2L-f1L”
	“1635-a-b+2*c+d” ~ “1635+3*a+2*b+2*c+d”
	
	
	

	“3*f1L+f2L-f2H-2*f1H” ~ “3*f1H+f2H-f2L-2*f1L”
	“1710-2*a-b+c” ~ “1710+3*a+b+c”
	Yes
	
	

	“3*f1L+f2L-3*f1H” ~ “3*f1H+f2H-3*f1L”
	“1785-3*a-b-d” ~ “1785+3*a-d”
	Yes
	Yes
	

	“2*f1L+2*f2L-3*f2H” ~ “2*f1H+2*f2H-3*f2L”
	“1635-2*b+2*c+d” ~ “1635+2*a+3*b+2*c+d”
	
	
	

	“2*f1L+2*f2L-2*f2H-f1H” ~ “2*f1H+2*f2H-2*f2L-f1L”
	“1710-a-2*b+c” ~ “1710+2*a+2*b+c”
	Yes
	
	

	“2*f1L+2*f2L- f2H-2*f1H” ~ “2*f1H+2*f2H- f2L-2*f1L”
	“1785-2*a-2*b-d” ~ “1785+2*a+b-d”
	Yes
	Yes
	

	“2*f1L+2*f2L-3*f1H” ~ “2*f1H+2*f2H-3*f1L”
	“1860-3*a-2*b-c-2*d” ~ “1860+2*a-c-2*d”
	Yes
	Yes
	Yes

	“f1L+3*f2L-3*f2H” ~ “f1H+3*f2H-3*f2L”
	“1710-3*b+c” ~ “1710+a+3*b+c”
	Yes
	
	

	“f1L+3*f2L-2*f2H-f1H” ~ “f1H+3*f2H-2*f2L-f1L”
	“1785-a-3*b-d” ~ “1785+a+2*b-d”
	Yes
	Yes
	

	“f1L+3*f2L- f2H-2*f1H” ~ “f1H+3*f2H- f2L-2*f1L”
	“1860-2*a-3*b-c-2*d” ~ “1860+a+b-c-2*d”
	Yes
	Yes
	Yes

	“f1L+3*f2L-3*f1H” ~ “f1H+3*f2H-3*f1L”
	“1935-3*a-3*b-2*c-3*d” ~ “1935+a-2*c-3*d”
	Yes
	Yes
	Yes

	“4*f2L-3*f2H” ~ “4*f2H-3*f2L”
	“1785-4*b-d” ~ “1785+3*b-d”
	Yes
	Yes
	

	“4*f2L-2*f2H-f1H” ~ “4*f2H-2*f2L-f1L”
	“1860-a-4*b-c-2*d” ~ “1860+2*b-c-2*d”
	Yes
	Yes
	Yes

	“4*f2L-f2H-2*f1H” ~ “4*f2H-f2L-2*f1L”
	“1935-2*a-4*b-2*c-3*d” ~ “1935+b-2*c-3*d”
	Yes
	Yes
	Yes

	“4*f2L-3*f1H” ~ “4*f2H-3*f1L”
	“2010-3*a-4*b-3*c-4*d” ~ “2010-3*c-4*d”
	Yes
	Yes
	Yes


Whenever the 7th order IMD falls into its own RX band of 1805~1880 MHz, it causes interference to RF front-end. It may or may not fall into its own RX channels, the 1st CC and the 2nd CC. The following table provides the c and d values, corresponding to the 1st CC and the 2nd CC locations, which generate the 7th order IMD falling into its own RX band of 1805~1880 MHz.

Table 4.1.3-10: CA_3 UL configurations with the 7th order IMD falling into its RX band, 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	c+2*d < 65, or

25 < 2*c+3*d < 135, or

95 < 3*c+4*d < 205

	5
	10
	d < 10, or

c+2*d < 75, or

5 < 2*c+3*d < 140, or

75 < 3*c+4*d < 205

	5
	15
	45 < c < 55, or

d < 25, or

c+2*d < 85, or

2*c+3*d < 145, or

55 < 3*c+4*d < 205

	5
	20
	30 < c < 50, or

d < 40, or

c+2*d < 95, or

2*c+3*d < 150, or

35 < 3*c+4*d < 200

	10
	5
	55 < c < 60, or

d < 10, or

c+2*d < 75, or

10 < 2*c+3*d < 140, or

80 < 3*c+4*d < 205

	10
	10
	d < 10, or

c+2*d < 75, or

2*c+3*d < 140, or

60 < 3*c+4*d < 205

	10
	15
	40 < c < 50, or

d < 25, or

c+2*d < 85, or

2*c+3*d < 145, or

40 < 3*c+4*d < 200

	10
	20
	25 < c < 45, or

d < 40, or

c+2*d < 90, or

2*c+3*d < 135, or

20 < 3*c+4*d < 180

	15
	5
	45 < c < 55, or

d < 25, or

105 < 2*c+d < 110, or

c+2*d < 85, or

2*c+3*d < 145, or

65 < 3*c+4*d < 205

	15
	10
	35 < c < 50, or

d < 25, or

c+2*d < 85, or

2*c+3*d < 145, or

45 < 3*c+4*d < 200

	15
	15
	35 < c < 45, or

d < 25, or

c+2*d < 85, or

2*c+3*d < 135, or

25 < 3*c+4*d < 180

	15
	20
	20 < c < 40, or

d < 40, or

c+2*d < 80, or

2*c+3*d < 120, or

5 < 3*c+4*d < 160

	20
	5
	15 < c < 50, or

d < 40, or

85 < 2*c+d < 100, or

c+2*d < 95, or

2*c+3*d < 150, or

50 < 3*c+4*d < 200

	20
	10
	15 < c < 45, or

d < 40, or

80 < 2*c+d < 90, or

c+2*d < 90, or

2*c+3*d < 135, or

30 < 3*c+4*d < 180

	20
	15
	15 < c < 40, or

d < 40, or

75 < 2*c+d < 80, or

c+2*d < 80, or

2*c+3*d < 120, or

10 < 3*c+4*d < 160

	20
	20
	15 < c < 35, or

d < 35, or

c+2*d < 70, or

2*c+3*d < 105, or

3*c+4*d < 140


From the above results, it can be seen that whenever c and d meet the conditions listed in Table 4.1.3-10, the 7th order IMD falls into its own RX band of 1805~1880 MHz.

Whenever the 7th order IMD falls into its own RX channels, the 1st CC and/or the 2nd CC, it not only generates interference to its RF front-end, but also to its own RX channels. The following two tables provide the c and d values, corresponding to the 1st CC and 2nd CC locations, which generate IMD falling into its own RX channel of the 1st CC and the 2nd CC, respectively.

Table 4.1.3-11: CA_3 UL configurations with the 7th order IMD falling into its RX channel – the 1st CC in 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	12.5 < c+d < 51.25

	5
	10
	c+d < 51.25

	5
	15
	c+d < 51.25

	5
	20
	c+d < 51.25

	10
	5
	c+d < 51.25

	10
	10
	c+d < 51.25

	10
	15
	c+d < 51.25

	10
	20
	c+d < 51.25

	15
	5
	c+d < 51.25

	15
	10
	c+d < 51.25

	15
	15
	c+d < 51.25

	15
	20
	c+d < 51.25

	20
	5
	c+d < 51.25

	20
	10
	c+d < 51.25

	20
	15
	c+d < 51.25

	20
	20
	c+d < 51.25


Table 4.1.3-12: CA_3 UL configurations with the 7th order IMD falling into its RX channel – the 2nd CC in 1805~1880 MHz

	The 1st CC bandwidth (a in MHz)
	The 2nd CC bandwidth (b in MHz)
	CC positions (c and d in MHz)

	5
	5
	12.5 < c+d < 135/3

	5
	10
	c+d < 140/3

	5
	15
	c+d < 145/3

	5
	20
	c+d < 150/3

	10
	5
	c+d < 135/3

	10
	10
	c+d < 140/3

	10
	15
	c+d < 145/3

	10
	20
	c+d < 150/3

	15
	5
	c+d < 135/3

	15
	10
	c+d < 140/3

	15
	15
	c+d < 145/3

	15
	20
	c+d < 150/3

	20
	5
	c+d < 135/3

	20
	10
	c+d < 140/3

	20
	15
	c+d < 145/3

	20
	20
	c+d < 150/3


From the above results, it can be seen that whenever c and d meet the conditions listed in Table 4.1.3-11, the 7th order IMD falls into its own RX channel of the 1st CC in 1805~1880 MHz. Whenever c and d meet the conditions listed in Table 4.1.3-12, the 7th order IMD falls into its own RX channel of the 2nd CC in 1805~1880 MHz.

Based on the above study, the following conclusions are reached.

1.
The 2nd and 3rd harmonics, and the 2nd order IMD of a UE which supports 2CC do not fall into its own RX band range in 1805~1880 MHz. The 3rd, 5th, and 7th order IMD may fall into its own RX band range depending on the locations of the 1st CC and 2nd CC.
2.
Whenever c and d meet “c+2*d < 55 MHz”, the 3rd order IMD falls into its own RX band of 1805~1880 MHz.
3.
Whenever c and d meet the conditions listed in Table 4.1.3-4, the 3rd order IMD falls into its own RX channel of the 1st CC in 1805~1880 MHz. The 3rd order IMD does not fall into its own RX channel of the 2nd CC.
4.
Whenever c and d meet the conditions listed in Table 4.1.3-6, Table 4.1.3-7, and Table 4.1.3-8 the 5th order IMD falls into its own RX band of 1805~1880 MHz, into its own RX channel of the 1st CC in 1805~1880 MHz, and into its own RX channel of the 2nd CC in 1805~1880 MHz, respectively.
5.
Whenever c and d meet the conditions listed in Table 4.1.3-10, Table 4.1.3-11, and Table 4.1.3-12 the 7th order IMD falls into its own RX band of 1805~1880 MHz, into its own RX channel of the 1st CC in 1805~1880 MHz, and into its own RX channel of the 2nd CC in 1805~1880 MHz, respectively.
4.2
Supporting intra-band CA with 1 CC UL
It is proposed to support the case of a UE capable of 2 CC on the DL and 1 CC on the UL

4.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Operating band 3 non-contiguous DL carriers can be calculated as shown in Table 4.2.2-1 below:

Table 4.2.2-1: Operating band 3 non-contiguous DL harmonics and IMD products

	BS DL carriers
	f-low
	f-high

	DL frequency (MHz)
	1805
	1880

	2nd harmonics frequency limits (MHz)
	3610
	3760

	3rd harmonics frequency limits (MHz)
	5415
	5640

	2nd order IMD products 
	(f-low – f-high)
	(f-high – f-low)

	IMD frequency limits (MHz)
	-75
	75

	3rd order IMD products 
	(2*f-low –f-high)
	(2*f-high –f-low)

	IMD frequency limits (MHz)
	1730
	1955


It can be seen from table 4.2.2-1 that the second order harmonics and inter-modulation products from Operating band 3 DL transmit will fall inside Operating band 43. It can also be seen that no other Operating band is affected by these products. No Operating band is affected by the third order harmonics, whereas the third order inter-modulation products from a BS supporting NC_CA in operating band 3 may fall inside the receive part of Operating bands 1, 2, 3, 4, 10, 25, 33, 35, 36 37, and 39. Note that the limits in table 4.2.2-1 are calculated assuming maximum possible spacing between the aggregated carriers in the Operating band.
5
Summary of required changes to E-UTRA specifications

5.1
Required changes to TS36.101
Required changes in BS RF specification TS 36.104 are shown in Table 5.1-1.

Table 5.1-1: Required changes in TS 36.104
	Clause
	Requirement
	Required Changes in TS 36.104

	5.5
	Operating bands
	A new row is expected to be added in Table 5.5-4 to support operating band 3 intra-band non-contiguous carrier aggregation configuration. 


5.2
Required changes to TS36.104
Required changes in BS RF specification TS 36.104 are shown in Table 5.2-1.

Table 5.2-1: Required changes in TS 36.104
	Clause
	Requirement
	Required Changes in TS 36.104

	5.5
	Operating bands
	A new row is expected to be added in Table 5.5-4 to support operating band 3 intra-band non-contiguous carrier aggregation configuration. 


5.3
Required changes to TS36.133

No changes required in TS 36.133
5.4
Required changes to TS36.141

Required changes in BS test specification TS 36.141 are shown in Table 5.4-1.

Table 5.4-1: Required changes in TS 36.141

	Clause
	Requirement
	Required Changes in TS 36.141

	5.5
	Operating bands
	A new row is expected to be added in Table 5.5-4 to support operating band 3 intra-band non-contiguous carrier aggregation configuration. 


5.5
Required changes to TS36.307

No changes required in TS 36.307
5.6
Required changes to TS37.104

No changes required in TS 37.104.
5.7
Required changes to TS37.141

No changes required in TS 37.141.
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