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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 for 3DL Inter-band Carrier Aggregation under Rel-12 time frame. The purpose is to gather the relevant background information and studies in order to address 3DL Inter-band Carrier Aggregation requirements.

This TR covers relevant background information and studies in order to address 3DL Inter-band Carrier Aggregation requirements for the Rel-12 band combinations in table 1-1.

 Table 1-1: Release 12 3DL inter-band carrier aggregation combinations

	WI code
	WI title

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 1

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4 and Band 13

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 17 and Band 30

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 17 and Band 30

	
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30

	
	

	
	

	
	

	
	

	
	

	
	

	
	


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical 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]
3GPP TR 30.007: “Guideline on WI/SI for new Operating Bands”

[3]

3
Definitions, symbols and abbreviations

3.1
Definitions

<Text will be added.>

.

3.2
Symbols

<Text will be added.>

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]. 

<Text will be added.>

4
Background

The present document is a technical report for 3DL Inter-band Carrier Aggregation under Rel-12 time frame. It covers both the UE and BS side. The document is divided in two different parts:

- 
Common part: this part covers BS and UE specific which is band combination independent. 

- 
Specific band combination part:  this part covers each band combination and its specific issues independently from each other (i.e. one subclause is defined per band combination)

The specific band combination parts are independent and therefore, the working speed also differs. 

4.1 
TR Maintenance

A single company is responsible for introducing all approved TPs in the current TR, TR editor. However, it is the responsibility of the rapporteur of each WI to ensure that the TPs related to the WI have been implemented. 

5
3 Band Carrier Aggregation with single UL: general part
5.1

BS specific
<Text will be added.>
5.2
UE specific

5.2

UE specific 
5.2.1
RF transmitter characteristics

< text to be added >
5.2.2
RF receiver characteristics

5.2.2.1
 UL configuration for verifying RF receiver characteristics
In what follows we describe the test configuration for verifying RF receiver requirements for inter-band CA and combinations of inter-band and intra-band CA for 3DL FDD. The description is general, but with some specific CA configurations used as examples.

The number of possible DL-UL configurations will increase substantially for 3DL aggregation compared to the 2DL counterpart for which two configurations is specified: one for each uplink band. Despite the large number of possible DL-UL configurations for 3DL aggregation, requirements should still be specified for all DL-UL configurations in order to make the test coverage complete, whereas for the conformance test specification, a subset of these configurations could be chosen for the verification in order to reduce the test time.

Starting with band combinations with one DL carrier per operating band, e.g. CA_4A-12A-30A, it is straightforward to specify the requirements relying on the test configuration for 2DL inter-band combinations. For the latter, the reference sensitivity is essentially verified in the following way:

1. pick one of the carriers as the “measurement carrier” but keep the carrier in the other downlink band active;
2. assign the uplink in any one of the two uplink bands;
3. make the measurement. 

Then this is repeated with the roles of the two DL carriers/bands interchanged. The selectivity and blocking requirements for 2DL combinations are verified in the following way: 

1. pick one of the carriers as the “measurement carrier” but keep the carrier in the other downlink band active;
2. assign the uplink in the other band not supporting the measured carrier;
3. make the measurement with the interferers assigned relative to the measured carrier.

Thus the verification of the requirement is “per carrier”. The selectivity and blocking tests does not include the effect of the UL in the band supporting the measured DL, but rather effects of e.g. cross-modulation arising from the UL in the other band not captured in the corresponding tests for non-CA operation.

This could be extended for 3DL combinations of different bands with one DL carrier per operating band such as the configuration CA_4A-12A-30A:

a) pick one of the carriers as the “measurement carrier” but keep the carriers in the other downlink bands active;

b) assign the uplink in any one of the three uplink bands (reference sensitivity) or assign the uplink in one of the other bands not supporting the measured carrier (blocking and selectivity);

c) make the measurement; for the selectivity and blocking tests, the interferers are assigned relative to the measured carrier.

Then repeat for all three DL carriers and the applicable uplink configurations. 

The downside is that the number of measurements would be large and the test time considerable. For 2DL aggregation, there are two possible measurements: one for each DL carrier with the UL in the other band. For 3DL aggregation, there are six possible measurements for each blocking and selectivity test case: for each measured DL carrier the UL can be assigned to anyone of the other two operating bands – nine measurements for reference sensitivity.  Nevertheless, the core requirements in 36.101 should cover all cases; the procedure a-c) would be viable for this purpose, but the measurements need to be limited for the conformance tests in 36.521-1. 
Turning next to combinations of non-contiguous intra-band and inter-band CA such as CA_2A-2A-13A, the following modification of a-c) for blocking and selectivity based on the test approaches for the 2DL intra-band non-contiguous and inter-band cases:

d) pick one of the carriers as the “measurement carrier”, keep all other downlink carriers active;
e) assign the uplink in the band not supporting the measured carrier: if the measurement carrier is within the band containing two carriers (Band 2), assign the uplink in the band not supporting the single carrier (Band 13) with UL configuration according to the non-CA case, whereas if the measurement carrier is within the band supporting one carrier, assign the uplink in accordance with the test configuration for the corresponding intra-band REFSENS test for 2DL non-contiguous aggregation (CA_2A-2A);
f) make the measurement with the interferer(s) assigned relative to the measured carrier.

Hence the selectivity and blocking tests does not include the effect of the UL in the band supporting the measured DL(s) just as for the 2DL inter-band tests. 

For the reference sensitivity test, the UL should be assigned in any one of the two bands, but always with the configuration according to the corresponding test for 2DL non-contiguous aggregation when the UL is active in this band. Again, the number of measurements would be large and the test time considerable, but all six cases (still two possible UL configurations for each measured DL carrier) should nevertheless be covered by the core requirements. 
The UL configuration for the two cases above is displayed in Figure 5.2.2-1. In the case of one DL per band, the UL is assigned at FUL1 or FUL2 for measurements on FDL3 for blocking and selectivity tests, whereas any one of the three UL frequencies is used for the reference sensitivity. In the mixed case in the lower part of Figure 5.2.2-1, the UL is assigned at FUL1 for measurements on FDL2 and FDL3 for the blocking and selectivity tests, whereas either FUL1 or FUL3 is used for the reference sensitivity test (FUL2 is never used).
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Figure 5.2.2-1: UL configuration for 3DL receiver tests

Hence the tests configuration for 3DL is consistent with that for the 2DL fall-back modes. For the intermodulation tests, the same procedure for blocking and selectivity is used.
5.2.2.2
Requirements for reference sensitivity

Starting with band combinations with one DL carrier per operating band, the reference sensitivity for 2DL inter-band CA can be extended to 3DL using the procedure a-c) in 5.2.2.1; the requirements for inter-band CA with one component carrier per band would read as follows; changes of the Rel-11 version of 36.101 shown in italics:

7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with all downlink component carriers active and any one of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.

The non-CA requirements apply per component carrier (two or three in the Rel-12 version of 36.101). 

For 3DL combinations with harmonics problems between any two (or three) bands of a configuration, exceptions are allowed whenever any transmitter harmonics uplink transmission in a “lower” band falls into a higher band. Picking CA_4A-12A-30A as an example, the exceptions to B4 requirements would be allowed when the uplink is assigned in B12 just as for the 2DL fall-back mode CA_4A-12A that is of Class A2. (The other fall-back modes CA_12A_30A and CA_4A_30A are of Class A1 and Class A3, respectively.) However, the exceptions for B4 allowed for CA_4A-12A-30A may not be the same as those allowed for CA_4A-12A due to different front-end arrangements: a B4-B30 multiplexer is needed for the former. The changes of the 36.101 could look as follows (changes in italics), using the existing table for A2 combinations specified in Rel-11:

For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions are allowed when the uplink is active in a lower-frequency band and within a specified frequency range such that transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a, Table 7.3.1A-0b and Table 7.3.1A-0c.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	CA_4A_12A_30A5
	4
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	12
	
	
	[-96.5]
	[-93.5]
	
	
	

	
	30
	
	
	TBD
	TBD
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 2nd harmonic is within the transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd harmonic is within the downlink transmission bandwidth of a higher band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that [image: image4.wmf]ë
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The uplink configuration for cases in which exceptions are allowed can also be specified in the existing table for Class A2 combinations:
Table 7.3.1A-0b: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	CA_4A_12A_30A
	12
	2
	5
	8
	16
	[25]
	[32]
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


For combinations of non-contiguous intra-band and inter-band aggregation such as CA_2A-2A-13A, the reference sensitivity requirements should build on the requirements for the fall-back modes CA_2A-13A for and CA_2A-2A (to be specified in Rel-12), using the configuration in 5.2.2.1:

· for the component carrier in B13, the UE shall meet the requirement for B13 when the UL is allocated either in B2 according to the configuration in Table 7.3.1A-3 in 36.101 for intra-band NC CA or in B13;

· for the component carriers in B2, the UE shall meet the requirements for B2 intra-band NC CA when the UL is allocated in B2 according to the configuration in Table 7.3.1A-3 in 36.101, while the same requirement should be met but with RIBNC = 0 dB for all sub-block gaps when the UL is active in B13.

The carriers are measured in turn with the remaining component carriers active throughout the test. The RIBNC specified in Table 7.3.1A-3 for CA_2A-2A (to be specified) should also apply for CA_2A-2A-13A,

Table 7.3.1A-3: Intra-band non-contiguous CA uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 50.0
	101
	4.5
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < Wgap ≤ 45.0
	104
	5.0
	

	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	CA_2A-2A
	TBD
	TBD
	TBD
	TBD
	FDD

	[…]
	
	
	
	
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.
NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

[…]


but the reference sensitivity should be further modified by RIB,c  just as for UEs only supporting the CA_2A-2A and CA_2A-13A fall-back modes. Now, RIB,c = 0 dB for CA_2A-13A, but for a general case the reference sensitivity may have to be amended with RIB,c  > 0 dB or UEs supporting 3DL band combinations. 

Reference-sensitivity requirements for combinations of intra-band non-contiguous and intra-band CA could be added to 36.101 as follows, for example:

For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with an uplink configuration in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the other band. For these uplink configurations, the UE shall meet the reference sensitivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers and for the remaining component carrier the requirements specified in subclause 7.3.1. For the two component carriers within the same band, RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) when the uplink is active in the band supporting the single component carrier.
5.2.2.3
Requirements for blocking and selectivity

Even if all possible DL-UL combinations for blocking and selectivity are specified in the core specification, many of test configurations (for the UL) or even some test cases could possibly be omitted in the conformance test specification given the number of permutations. One could then rely on the conformance tests for 2DL. However, the out-of-band blocking should be verified for conformance with all component carriers active.

For band combinations with one DL carrier per operating band, the out-of-band blocking requirements for 2DL inter-band CA can be extended to 3DL using the procedure a-c) in 5.2.2.1. The requirements then apply per carrier with the blocker frequency offset relative to the measured carrier and the UL allocated in one of bands not containing the measured carrier. Table 7.6.2.1A-0 in 36.101 specifying the interferer power profile would have to be amended to cover three downlink carriers in different bands:

Table 7.6.2.1A-0: out-of-band blocking for inter-band carrier aggregation with one active uplink
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pwanted
	dBm
	Table 7.6.2.1-1 for all component carriers

	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-15 + RIB,c

	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(j) < -15

or

15 < f – FDL_High(j) < 60


	-85 < f – FDL_Low(j) ≤ -60

or

60 ≤ f – FDL_High(j) < 85


	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(j) + 85 ≤ f

≤ FDL_Low(j+1) – 85

or 

FDL_High(X) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(j) and FDL_High(j) denote the respective lower and upper frequency limits of the operating band containing carrier j, j = 1,…,X, with carriers numbered in increasing order of carrier frequency and X the number of component carriers in the band combination (X = 2 or X = 3 for the present version of this specification).

NOTE 2:
For FDL_Low(j+1) – FDL_High(j) < 145 MHz and FInterferer in FDL_High(j) < f < FDL_Low(j+1), FInterferer can be in both Range 1 and Range 2. Then the lower of the PInterferer applies.

NOTE 3:
For FDL_Low(j) – 15 MHz ≤ f ≤ FDL_High(j) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking requirements in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied for carrier j.
NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured.


Hence the interferer is never overlapping neither the carriers that are not measured but active (nor the ranges where the in-band blocking requirements apply). 

For combinations of intra-band non-contiguous and inter-band CA, the same requirements could apply per carrier: e.g. for CA_2A-2A-13A the same interferer power profile as CA_2A-13A is used. However, for the carriers in B2, the wanted signal level is set using RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) since the uplink is active in the other band for the blocking tests (see 5.2.2.1).
For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and the uplink assigned to one E-UTRA band, the requirement is defined with the uplink active in the band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the other band. For the two component carriers within the same band, Pwanted in Table 7.6.2.1A-0 is set using RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3). For each downlink the UE shall meet the out-of-band blocking requirements applicable for inter-band carrier aggregation with one component carrier per operating band. The three downlink carriers shall be active throughout the tests.

For 3DL CA configurations, the number of exceptions per downlink carrier is TBD.

Turning to in-band blocking and combinations with one component carrier per band, the requirements for 2DL combinations could be extended to 3DL using the procedure a-c) in 5.2.2.1 (the UL in any band not containing the measured carrier):

7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the in-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier while all downlink carriers are active. For the UE which supports inter band CA configuration in Table 7.3.1A-2, PInterferer power defined in Table 7.6.1.1-2 is increased by the amount given by ΔRIB,c in Table 7.3.1A-2. For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the uplink in the band(s) capable of UL operation […] 

For combinations of intra-band non-contiguous and inter-band CA, the in-band blocking requirements could be amended in the following way, for example:
For combinations of intra-band non-contiguous and inter-band carrier aggregation with three downlink carriers and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in the band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two component carriers and in accordance with Table 7.3.1-2 when the uplink is active in the other band. For these uplink configurations, the UE shall meet the in-band blocking requirements for intra-band non-contiguous carrier aggregation of two downlink carriers with RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) and for the remaining component carrier the requirements specified in subclause 7.6.1. The three downlink carriers shall be active throughout the tests.

Remark that the requirements for the two component carriers in the same band must be met with RIBNC = 0 dB for all sub-block gaps since the UL is active in the other band. 
Adjacent channel selectivity could be verified in the same way as for in-band blocking. 
5.2.2.4
Requirements for wideband intermodulation

The requirements for wideband intermodulation could be verified like for in-band blocking as described in 5.2.2.3.
5.2.2.5
Requirements for maximum input level
For combinations of intra-band non-contiguous and inter-band CA, the maximum input level could be specified in the following way using the principle a-c) in 5.2.2.1, e.g. for CA_2A-2A-13A:

· the UE shall meet the maximum input-level requirements applicable for intra-band non-contiguous carrier aggregation of two downlink carriers in B2 with the uplink active in B13: the sum of the mean carrier powers received at the UE antenna port should be -22 dBm while both B2 carriers have equal power; the B13 downlink is also active (but not necessarily at maximum input power);

· the UE shall meet the maximum input-level requirement for B13 (-25 dBm) with the uplink active in B2 (according to Table 7.3.1A-3); the B2 downlinks are also active (but not necessarily at maximum input power).


5.3
RRM specific

<Text will be added.>

6
3 Band Carrier Aggregation with single UL: band combination specific part

<Text will be added.>
6.1

LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 13

Table 6.1-1: 3DL Inter-band CA operating bands
	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_2-2-13
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	


Table 6.1-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_2-2-13 
	2
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0



	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	
	40
	1

	
	2
	
	
	Yes
	Yes
	Yes
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	40
	2

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	3



	
	2
	
	
	Yes
	Yes
	
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.2

LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4 and Band 13
Table 6.2-1: 3DL Inter-band CA operating bands
	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_2-4-13
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	


Table 6.2-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_2-4-13

	2
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0



	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	
	40
	1

	
	4
	
	
	Yes
	Yes
	Yes
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	40
	2

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	3



	
	4
	
	
	Yes
	Yes
	
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.2.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 4 and Band 13 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.2.1-1 below:
Table 6.2.1-1: Band 2, Band 4 and Band 13 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	746
	756
	1930
	1990
	2110
	2155

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	521
	636

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	866
	981

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3284
	3399

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	4786
	4901


It can be seen from Table 6.2.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 4 + 13) may fall into the BS receive band of Band 8. However, Band 8 is not intended for use in the same geographical area as Bands 2, 4 and 13.
Therefore, except the frequency bands impacted by harmonics and IMD products from the constituent 2 DL CA configurations, the 3rd order IMD products caused by BS supporting 3 DL CA of Band (2 + 4 + 13) will not fall into the BS receive band of any other frequency band operating in the same geographical area.

6.3
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30
Table 6.3-1: 3DL Inter-band CA operating bands
	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_2-5-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.3-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_2-5-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.3.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 5 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.3.1-1 below:
Table 6.3.1-1: Band 2, Band 5 and Band 30 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	1930
	1990
	2350
	2360

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	439
	534

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1229
	1324

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3386
	3481

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	5149
	5244


It can be seen from Table 6.3.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 5 + 30) may fall into the BS receive band of Bands 22, 31 and 42. However, Band 31 is not intended for use in the same geographical area as Bands 2, 5 and 30. Therefore, the focus here is on the 3rd order IMD products falling into Bands 22 and 42.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 5 + 30) BS transmitter does not share the same antenna with Band 22 or 42 BS receiver.
Therefore, it is recommended that Band (2 + 5 + 30) BS transmitter should not share the same antenna with Band 22 or 42 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.4
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 17 and Band 30
Table 6.4-1: 3DL Inter-band CA operating bands
	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_2-17-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.4-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_2-17-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.5
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30
Table 6.5-1: 3DL Inter-band CA operating bands
	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_2-29-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.5-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_2-29-30
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.5.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 29 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.5.1-1 below:
Table 6.5.1-1: Band 2, Band 29 and Band 30 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	717
	728
	1930
	1990
	2350
	2360

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	287
	368

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1077
	1158

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3552
	3633

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	4997
	5078


It can be seen from Table 6.5.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 29 + 30) may fall into the BS receive band of Bands 42 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 29 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.
Therefore, it is recommended that Band (2 + 29 + 30) BS transmitter should not share the same antenna with Band 42 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.6
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13
Table 6.6-1: 3DL Inter-band CA operating bands
	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_4-4-13
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	


Table 6.6-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_4-4-13

	4
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0



	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	
	40
	1

	
	4
	
	
	Yes
	Yes
	Yes
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	40
	2

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	3



	
	4
	
	
	Yes
	Yes
	
	
	
	

	
	13
	
	
	
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.7
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30
Table 6.7-1: 3DL Inter-band CA operating bands
	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_4-5-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.7-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_4-5-30
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.8
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 17 and Band 30
Table 6.8-1: 3DL Inter-band CA operating bands
	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_4-17-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.8-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_4-17-30
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.9
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30
Table 6.9-1: 3DL Inter-band CA operating bands
	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_4-29-30
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


Table 6.9-2: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_4-29-30
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	29
	
	
	Yes
	Yes
	
	
	
	

	
	30
	
	
	Yes
	Yes
	
	
	
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [z] when operating in single carrier mode 
6.9.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 4, Band 5 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.9.1-1 below:
Table 6.9.1-1: Band 4, Band 5 and Band 30 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	2110
	2155
	2350
	2360

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	619
	699

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1064
	1144

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3566
	3646

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	5329
	5409


It can be seen from Table 6.9.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (4 + 5 + 30) may fall into the BS receive band of Bands 42 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 5 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.
Therefore, it is recommended that Band (4 + 5 + 30) BS transmitter should not share the same antenna with Band 42 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.10
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3, Band 7 and Band 20
6.10.1
Operating bands for CA

6.10.2
Channel bandwidths per operating band for CA

6.10.3
Harmonics and IMD study

6.10.3.1
For the BS

Table 6.10.3.1-1 to table 6.10.3.1-1-4 give the 2nd and 3rd harmonic, IM2 and IM3 for CA with B3+ B7 + B20. None of the products falls into the B3, B7 or B20 BS receiving bands. We note only single tones for each band are considered. 

It can be seen from the tables that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (3 + 7 + 20) may fall into the BS receive band of Bands 24 and 43. However, Band 24 is not intended for use in the same geographical area as Bands 3, 7 and 20. Therefore, the focus here is on the 3rd order IMD products falling into Band 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (3 + 7 + 20) BS transmitter does not share the same antenna with Band 43 BS receiver.

Therefore, it is recommended that Band (3 + 7 + 20) BS transmitter should not share the same antenna with Band 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
Table 6.10.3.1-1: BS harmonic table for 3DLs/1UL
	BS DL Carriers with B3, B7, B20
	[Mhz]

	2*fx_low to 2*fx_high
	3610 to 3760

	2*fy_low to 2*fy_high
	5240 to 5380

	2*fz_low to 2*fz_high
	1582 to 1642

	3*fx_low to 3*fx_high
	5415 to 5640

	3*fy_low to 3*fy_high
	7860 to 8070

	3*fz_low to 3*fz_high
	2373 to 2463


Table 6.10.3.1-2: BS IM2 table for 3DLs/1UL
	BS DL Carriers with B3, B7, B20
	[Mhz]

	|fy_low - fx_high| to |fy_high - fx_low|
	740 to 885

	|fz_low - fx_high| to |fz_high - fx_low|
	984 to 1089

	|fz_low - fy_high| to |fz_high - fy_low|
	1799 to 1899

	fy_low + fx_low to fy_high + fx_high
	4425 to 4570

	fz_low - fx_low to fz_high - fx_high
	2596 to 2701

	fz_low - fy_low to fz_high - fy_high
	3411 to 3511


Table 6.10.3.1-3: BS two-tone IM3 table for 3DLs/1UL
	BS DL Carriers with B3, B7, B20
	[Mhz]

	2*fx_low - fy_high to 2*fx_high - fy_low
	920 to 1140

	2*fx_low - fz_high to 2*fx_high - fz_low
	2789 to 2969

	2*fy_low - fx_high to 2*fy_high - fx_low
	3360 to 3575

	2*fy_low - fz_high to 2*fy_high - fz_low
	4419 to 4589

	2*fz_low - fx_high to 2*fz_high - fx_low
	163 to 298

	2*fz_low - fy_high to 2*fz_high - fy_low
	978 to 1108

	2*fx_low + fy_low to 2*fx_high + fy_high
	6230 to 6450

	2*fx_low + fz_low to 2*fx_high + fz_high
	4401 to 4581

	2*fy_low + fx_low to 2*fy_high + fx_high
	7045 to 7045

	2*fy_low + fz_low to 2*fy_high + fz_high
	6031 to 6031

	2*fz_low + fx_low to 2*fz_high + fx_high
	3387 to 3522

	2*fz_low + fy_low to 2*fz_high + fy_high
	4202 to 4202


Table 6.10.3.1-4: BS three tone IM3 table for 3DLs/1UL
	BS DL Carriers with B3, B7, B20
	[Mhz]

	fx_low + fy_low + fz_low to fx_high + fy_high + fz_high
	5216 to 5391

	fx_low + fy_low – fz_high to fx_high + fy_high – fz_low
	3604 to 3779

	fx_low - fy_high – fz_high to fx_high - fy_low – fz_low
	1531 to 1706

	fx_low - fy_high + fz_low to fx_high - fy_low + fz_high
	0 to 94


6.10.3.2
For the UE

Table 6.10.3-1 gives the 2nd and 3rd harmonic for CA with B3+ B7 + B20. None of the products falls into the B3, B7 or B20 UE receiving bands. For UE coexistence the single UL is already considered for these bands in TS 36.101.

Table 6.10.3-1: UE harmonic table for 3DLs/1UL
	UE DL Carriers with B3, B7, B20
	[Mhz]

	2*fx_low to 2*fx_high
	3420 to 3570

	2*fy_low to 2*fy_high
	5000 to 5140

	2*fz_low to 2*fz_high
	1664 to 1724

	3*fx_low to 3*fx_high
	5130 to 5355

	3*fy_low to 3*fy_high
	7500 to 7710

	3*fz_low to 3*fz_high
	2496 to 2586


6.10.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.10.4-1.
Table 6.10.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-7A-20A
	3
	0.5

	
	7
	0.5

	
	20
	0.3


For the UE which supports inter-band carrier aggregation configuration in Table 6.10.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.10.4-2 for the applicable E-UTRA bands.
Table 6.10.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-7A-20A
	3
	0

	
	7
	0

	
	20
	0



6.11
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 5 and Band 7
6.11.3
Harmonics and IMD study

6.11.3.1
For the BS
<Text will be added>
6.11.3.2
For the UE
Table 6.X.3.1-1 gives the 2nd and 3rd harmonic for CA with B1+ B5 + B7. None of the products falls into the B1, B5 or B7 UE own receiving bands. For UE coexistence the single UL is already considered for these bands in TS 36.101.

Table 6.11.3.1-1: UE harmonic table for 3DLs/1UL
	UE DL Carriers with B1, B5, B7
	[MHz]

	2*fx_low to 2*fx_high
	3840 to 3960

	2*fy_low to 2*fy_high
	1648 to 1698

	2*fz_low to 2*fz_high
	5000 to 5140

	3*fx_low to 3*fx_high
	5760 to 5940

	3*fy_low to 3*fy_high
	2472 to 2547

	3*fz_low to 3*fz_high
	7500 to 7710


6.11.4
ΔTIB,c and ΔRIB,c 
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.X.4-1.

Table 6.11.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-5A-7A
	1
	FFS

	
	5
	0.3

	
	7
	FFS

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table x (in TS 36.101 for 3DLs ΔTIB,c), truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table x (in TS 36.101 for 3DLs ΔTIB,c), that applies for that operating band among the supported CA configurations


For the UE which supports inter-band carrier aggregation configuration in Table 6.X.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.X.4-2 for the applicable E-UTRA bands.
Table 6.11.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-5A-7A
	1
	FFS

	
	5
	0.0

	
	7
	FFS

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in intra-band and non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table y (in TS 36.101 for 3DL ΔRIB,c),, truncated to one decimal place that would apply for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table y (in TS 36.101 for 3DL ΔRIB,c), that would apply for that operating band among the supported CA configurations


6.12
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 3 and Band 5

6.12.1
Operating bands for CA
Table 6.X.1-1: Inter-band CA operating bands for 3DLs
	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_1-3-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

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


6.12.2
Channel bandwidths per operating band for CA

Table 6.12.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA with 3DLs
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_B1-B3-B5
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	40
	1

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	


NOTE: In single or dual CA mode the UE shall support all bandwidths as defined in table 5.6.1-1 and table 5.6A.2-1 in TS 36.101 respectively.
6.12.3
Harmonics IMD study

6.12.3.1
For the BS
<Text will be added>
6.12.3.2
For the UE
As shown in Table 6.X.3.2-1, the harmonic frequencies of band 1, band 3 and band 5 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 6.12.3.2-1: 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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355

	5
	824
	849
	869
	894
	1648
	1698
	2472
	2547


6.12.4
ΔTIB,c and ΔRIB,c values
<Text will be added>
6.13
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1 Band 3 and Band 8
6.13.1
Operating bands for CA

6.13.2
Channel bandwidths per operating band for CA

6.13.3
Harmonics and IMD study

6.13.3.1
For the BS

6.13.3.2
For the UE

Table 6.X.3-1 gives the 2nd and 3rd harmonic for CA with B1+ B3 + B8. It can be seen that distortions caused by 2nd order harmonics of Band 8 located within the pass band of Band 3. It was already identified in previous work and specified in TR 36.850. Except 2nd order harmonics of Band 8, none of the products falls into the B1, B3 or B8 UE receiving bands.
Table 6.13.3-1: UE harmonic table for 3DLs/1UL
	UE DL Carriers with B1, B3, B8
	[Mhz]

	2*fx_low to 2*fx_high
	3840 to 3960

	2*fy_low to 2*fy_high
	3420 to 3570

	2*fz_low to 2*fz_high
	1760 to 1830

	3*fx_low to 3*fx_high
	5760 to 5940

	3*fy_low to 3*fy_high
	5130 to 5355

	3*fz_low to 3*fz_high
	2640 to 2745


6.13.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.x.4-1.
Table 6.13.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-8A
	1
	FFS

	
	3
	FFS

	
	8
	FFS


For the UE which supports inter-band carrier aggregation configuration in Table 6.x.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.x.4-2 for the applicable E-UTRA bands.
Table 6.13.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-8A
	1
	FFS

	
	3
	FFS

	
	8
	FFS


6.14
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3 Band 8 and Band 27
6.14.1
Operating bands for CA

Table 6.14.1-1: Inter-band CA operating bands for 3DLs
	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_1-3-8
	3
	1710MHz
	–
	1785MHz
	1805MHz
	–
	1880MHz
	FDD

	
	8
	880MHz
	–
	915MHz
	925MHz
	–
	960MHz
	

	
	27
	807MHz
	–
	824MHz
	852MHz
	–
	869MHz
	


6.14.2
Channel bandwidths per operating band for CA

Table 6.14.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA with 3DLs
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_3A-8A-27A
	3
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	27
	
	
	Yes
	Yes
	
	
	40
	0


NOTE: In single or dual CA mode the UE shall support all bandwidths as defined in table 5.6.1-1 and table 5.6A.2-1 in TS 36.101 respectively.

6.14.3
Harmonics and IMD study

6.14.3.1
For the BS

6.14.3.2
For the UE

Table 6.X.3-1 gives the 2nd and 3rd harmonic for CA with B3+ B8 + B27. It can be seen that distortions caused by 2nd order harmonics of Band 8 located within the pass band of Band 3. It was already identified in previous work and specified in TR 36.850. Except 2nd order harmonics of Band 8, none of the products falls into the B3, B8 or B27 UE receiving bands.
Table 6.x.3-1: UE harmonic table for 3DLs/1UL
	UE DL Carriers with B1, B3, B8
	[Mhz]

	2*fx_low to 2*fx_high
	3420 to 3570

	2*fy_low to 2*fy_high
	1760 to 1830

	2*fz_low to 2*fz_high
	1614 to 1648

	3*fx_low to 3*fx_high
	5130 to 5355

	3*fy_low to 3*fy_high
	5640 to 2745

	3*fz_low to 3*fz_high
	2421 to 2472


6.14.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.x.4-1.
Table 6.x.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-8A
	3
	0.3

	
	8
	FFS

	
	27
	FFS


For the UE which supports inter-band carrier aggregation configuration in Table 6.x.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.x.4-2 for the applicable E-UTRA bands.
Table 6.14.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-3A-8A
	3
	0

	
	8
	FFS

	
	27
	FFS


6.15
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2 Band 4 and Band 5
6.15.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 4 and Band 5 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.15.1-1: Band 2, Band 4 and Band 5 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	1930
	1990
	2110
	2155

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	644
	774

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	989
	1119

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3146
	3276

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	4909
	5039


It can be seen from Table 6.x.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 4 + 5) may fall into the BS receive band of Bands 12, 17, 28 and 44. However, Bands 28 and 44 are not intended for use in the same geographical area as Bands 2, 4 and 5. Therefore, the focus here is on the 3rd order IMD products falling into Bands 12 and 17.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 12 or 17 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 4 + 5) BS transmitter does not share the same antenna with Band 12 or 17 BS receiver.
Therefore, it is recommended that Band (2 + 4 + 5) BS transmitter should not share the same antenna with Band 12 or 17 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 12 or 17 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.16
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2 Band 4 and Band 12
6.16.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 4 and Band 12 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.16.1-1: Band 2, Band 4 and Band 12 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	869
	894
	1930
	1990
	2110
	2155

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	644
	774

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	989
	1119

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3146
	3276

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	4909
	5039


It can be seen from Table 6.16.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 4 + 12) may fall into the BS receive band of Bands 8, 20, 22 and 42. However, Bands 8 and 20 are not intended for use in the same geographical area as Bands 2, 4 and 12. Therefore, the focus here is on the 3rd order IMD products falling into Bands 22 and 42.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 22 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 4 + 12) BS transmitter does not share the same antenna with Band 22 or 42 BS receiver.
Therefore, it is recommended that Band (2 + 4 + 12) BS transmitter should not share the same antenna with Band 22 or 42 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 22 or 42 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.17
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2 Band 5 and Band 12
6.17.1
Co-existence studies for 1 UL/3 DL
The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 5 and Band 12 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.17.1-1: Band 2, Band 5 and Band 12 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	729
	746
	869
	894
	1930
	1990

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	290
	392

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1765
	1867

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	2053
	2155

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	3528
	3630


It can be seen from Table 6.17.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 5 + 12) may fall into the BS receive band of Bands 2, 3, 9, 10, 25, 35, 42 and 43. However, Bands 3, 9 and 10 are not intended for use in the same geographical area as Bands 2, 5 and 12. Therefore, the focus here is on the 3rd order IMD products falling into Bands 2, 25, 35, 42 and 43. Note that the 3rd order IMD products will not fall into the BS own (up to 20 MHz) receive block within Band 2.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 5 + 12) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver. But there is not a large frequency gap between Bands 2, 5 and 12 DL and Bands 2, 25 and 35 UL, and hence Bands 2, 25 and 35 BS receiver desensitization may still be an issue.

Therefore, it is recommended that Band (2 + 5 + 12) BS transmitter should not share the same antenna with Band 2, 25, 35, 42 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 2, 25, 35, 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.18
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2 Band 12 and Band 30
6.18.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 2, Band 12 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.18.1-1: Band 2, Band 12 and Band 30 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	729
	746
	1930
	1990
	2350
	2360

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	299
	386

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1089
	1176

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3534
	3621

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	5009
	5096


It can be seen from Table 6.18.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (2 + 12 + 30) may fall into the BS receive band of Bands 42 and 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (2 + 12 + 30) BS transmitter does not share the same antenna with Band 42 or 43 BS receiver.
Therefore, it is recommended that Band (2 + 12 + 30) BS transmitter should not share the same antenna with Band 42 or 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 42 or 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.19
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4 Band 5 and Band 12
6.19.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 4, Band 5 and Band 12 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.19.1-1: Band 4, Band 5 and Band 12 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	729
	746
	869
	894
	2110
	2155

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	470
	557

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	1945
	2032

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	2233
	2320

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	3708
	3795


It can be seen from Table 6.x.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (4 + 5 + 12) may fall into the BS receive band of Bands 1, 23, 30, 34, 36, 40 and 43. However, Bands 1, 34 and 40 are not intended for use in the same geographical area as Bands 4, 5 and 12. Therefore, the focus here is on the 3rd order IMD products falling into Bands 23, 30, 36 and 43.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 23, 30, 36 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 5 + 12) BS transmitter does not share the same antenna with Band 23, 30, 36 or 43 BS receiver.
6.20
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4 Band 12 and Band 30
6.20.1
Co-existence studies for 1 UL/3 DL

The 3rd order IMD products caused in the BS by transmitting of Band 4, Band 12 and Band 30 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.x.1-1 below:
Table 6.x.1-1: Band 4, Band 12 and Band 30 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f2-low
	f2-high

	DL frequency (MHz)
	729
	746
	2110
	2155
	2350
	2360

	
	
	

	3rd order IMD products 
	(f1-low + f2-low – f3-high)
	(f1-high + f2-high – f3-low)

	IMD frequency limits (MHz)
	479
	551

	
	
	

	3rd order IMD products 
	(f1-low + f3-low – f2-high)
	(f1-high + f3-high – f2-low)

	IMD frequency limits (MHz)
	924
	996

	
	
	

	3rd order IMD products 
	(f2-low + f3-low – f1-high)
	(f2-high + f3-high – f1-low)

	IMD frequency limits (MHz)
	3714
	3786

	
	
	

	3rd order IMD products 
	(f1-low + f2-low + f3-low)
	(f1-high + f2-high + f3-high)

	IMD frequency limits (MHz)
	5189
	5261


It can be seen from Table 6.x.1-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations, the 3rd order IMD products supporting 3 DL CA of Band (4 + 12 + 30) may fall into the BS receive band of Band 43.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Band (4 + 12 + 30) BS transmitter does not share the same antenna with Band 43 BS receiver.
Therefore, it is recommended that Band (4 + 12 + 30) BS transmitter should not share the same antenna with Band 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 43 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
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