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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 2DL/1UL Inter-band Carrier Aggregation under Rel-14 time frame according to the New CA WI approach in Release 14 [1]. The purpose is to gather the relevant background information and studies in order to address 2DL/1UL Inter-band Carrier Aggregation requirements for the Rel-14 band combinations in Table 1-1.
Table 1-1: Release 14 2DL/1UL inter-band carrier aggregation combinations
	CA combination
	REL independent from

	CA_5A-66A
	10

	CA_13A-66A
	10

	CA_2A-66A
	10

	CA_12A-66A
	10

	CA_7A-32A
	10

	CA_11A-42A
	12

	CA_11A-41A
	12

	CA_11A-28A
	10

	CA_1A-38A
	12

	CA_29A-66A
	10

	CA_21A-28A
	10

	CA_8A-39A
	12

	CA_7A-66A
	10

	CA_20A-28A
	10

	CA_3A-46A
	13

	CA_7A-8A
	10

	CA_3A-21A
	10

	CA_11A-46A
	13

	CA_46A-66A
	13

	CA_8A-28A
	10

	CA_3A-46A
	13

	CA_5A-28A
	10

	CA_3A-32A
	10

	CA_7A-46A
	13

	CA_5A-46A
	13

	CA_3A-69A
	10


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]
RP-151862, “New CA WI approach”, RAN#70.

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
TR 36.852-11: “LTE Advanced inter-band Carrier Aggregation (2DL/1UL); Release 11”.
[4]
TR 36.852-12: “LTE Advanced inter-band Carrier Aggregation (2DL/1UL); Release 12”. 
[5]
TR 36.852-13: “LTE Advanced inter-band Carrier Aggregation (2DL/1UL); Release 13”.

[6]

RP-152196, “New WID: LTE Advanced inter-band CA Rel-14 for 2DL/1UL”, RAN#70.
[7]
R4-152734, "TP to TR 36.852-13: LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 38,” Nokia Networks
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] 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 [2].

3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] 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 [2].
4
Background
The present document is a technical report for 2DL/1UL Inter-band Carrier Aggregation under Rel-14 time frame. It covers both the UE and BS side. The document is divided in two different parts:

- 
General 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, i.e. TR editor. However, it is the responsibility of the contact person of each band combination to ensure that the TPs related to the band combination have been implemented.
5
Inter-Band (2DL) Carrier Aggregation with Single UL: General Part
As 2 DL inter-band combinations have been studied in R11, R12 and R13, the identified general issues identified in R11 [3], R12 [4] and R13 [5] also apply to R14. This TR only captured the new general issues if identified in R14.
<Text will be added.>

6
Inter-Band (2DL) Carrier Aggregation with Single UL: Specific Band Combination Part

6.1
CA_8A-39A_BCS0

6.1.1
Operating bands for CA

Table 6.1.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low – FUL_high
	
	FDL_low – FDL_high
	
	

	CA_8-39
	8
	880 MHz
	–
	915 MHz
	1.4, 3, 5, 10 
(see note )
	925 MHz
	–
	960 MHz
	1.4, 3, 5, 10
	FDD

	
	39
	1880 MHz
	–
	1920 MHz
	5,10, 15, 20
(see note)
	1880 MHz
	–
	1920 MHz
	5,10, 15, 20
	TDD

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


6.1.2
Channel bandwidths per operating band for CA

Table 6.1.2-1: Supported E-UTRA bandwidths per CA configuration for 2DL/1UL inter-band CA 
	CA operating / channel bandwidth

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

[MHz]
	Bandwidth combination set

	CA_8A-39A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	39
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.1.3
Co-existence studies

Table 6.1.3-1 shows the UL harmonic analysis of band 8 and band 39. Since corresponding UL harmonic interference products are away from the receive bands of band 8 and band 39,  it can be concluded that there is no issue on UL harmonic interference.
Table 6.1.3-1: 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

	8
	880
	915
	925
	960
	1 760
	1 830
	2 640
	2 745

	39
	1880
	1920
	1880
	1920
	3760
	3840
	5640
	5760


Table 6.1.3-2 provides the harmonic and intermodulation products of DL BS transmit band for Band 8 and Band 39 CA. As shown in Table table 6.1.3-2, the harmonic products may fall into the UL receive frequencies of band 2, 25, 33, 35, 37, 39, and 46, and the intermodulation products may fall into UL frequencies of Band 1, 2, 8, 25, 33, 35, 37, 39, 43, 46 or 65. It should be noted that Bands 2, 25, 33, 35, 37, 43 and 65 are not intended for use in the same geographical area as Band 8 and 39. Furthermore, Band 46 is unlicensed band restricted as DL operation. Consequently, the IMD products may only have impact on BS receiver of Band1, 8 and 39. Considering TDD BS does not transmit and receive simultaneously, so the BS’s own band 39 receiver and other synchronized band 39 receivers would not be interfered. 
Therefore, It is recommended that Bands 8 and 39 BS transmitters should not share the same antenna with Band 1 , 8 and unsynchronized 39 BS receivers unless the antenna path meets very stringent 3rd order PIM specification, so that the PIM will not cause these band’s BS receivers desensitization.
Table 6.1.3-2: Band 8 and Band 39 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	925
	960
	1880
	1920

	2nd order harmonics frequency range (MHz)
	1 850
	1 920
	3760
	3840

	3rd order harmonics frequency range (MHz)
	2 775
	2 880
	5640
	5760

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

	IMD frequency limits (MHz)
	920
	995
	2 805
	2880

	3rd order IMD products
	(f2_low – 2*f1_high(
	(f2_high – 2*f1_low(
	(2*f2_low – f1_high(
	(2*f2_high – f1_low(

	IMD frequency limits (MHz)
	40
	70
	2800
	2915

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

	IMD frequency limits (MHz)
	3730
	3840
	4685
	4800

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

	IMD frequency limits (MHz)
	905
	980
	1870
	1930


6.1.4
∆TIB and ∆RIB values
For two DL and only one UL operation of CA_8A-39A, the (TIB,c and (RIB values are given in the tables below.

Table 6.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-39A
	8
	0,3

	
	39
	0,3

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


Table 6.1.4-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_8A-39A
	8
	0

	
	39
	0


6.2
CA_21A-28A_BCS0

6.2.1
Operating bands for CA
Table 6.2.1-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_21-28
	21
	1447.9 MHz
	–
	1462.9 MHz
	5,10, 15 
	1495.9  MHz
	–
	1510.9  MHz
	5, 10, 15
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10
	758 MHz
	–
	803 MHz
	5, 10
	


6.2.2

Channel bandwidths per operating band for CA

Table 6.2.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_21A-28A
	21
	
	
	Yes
	Yes
	Yes
	
	0

	
	28
	
	
	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 [6] when operating in single carrier mode.

6.2.3
Co-existence studies
The 2nd harmonic of Band 28 may fall into the Rx of Band 21 as observed in table 6.2.3-1. However, taking into account that Band 21 is only operated by a certain operator so far, the Band 28 transmission for this combination is limited within 728 - 738 MHz based on the actual spectrum allocation. In this case, the 2nd harmonic range becomes 1456 – 1476 MHz and the degradation of Band 21 will be resolved. Therefore, we can conclude that there is no issue on harmonic interference.
Table 6.2.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	21
	1447.9
	1462.9
	1495.9
	1510.9
	2895.8
	2925.8
	4343.7
	4388.7
	2991.8
	3021.8
	4487.7
	4532.7

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	1516
	1606
	2274
	2409


Table 6.2.3-2: Band 21 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1495.9
	1510.9

	2nd order harmonics frequency range (MHz)
	1516
	1606
	2991.8
	3021.8

	3rd order harmonics frequency range (MHz)
	2274
	2409
	4487.7
	4532.7

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

	IMD frequency limits (MHz)
	692.9
	752.9
	2253.9
	2313.9

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

	IMD frequency limits (MHz)
	5.1
	110.1
	2188.8
	2263.8

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

	IMD frequency limits (MHz)
	3011.9
	3116.9
	3749.8
	3824.8

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

	IMD frequency limits (MHz)
	743
	818
	1485.9
	1520.9


It can be seen from table 6.2.3-2 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 21 and Band 28 fall into the BS receive band of Bands 12, 17, 28, 30, 40 and 44, while some 3rd IMD products fall into the BS receive band of Bands 13, 14, 18, 26, 27, 28, 43 and 44 taking that the BS only transmits up to 15 MHz DL in Band 21 and up to 10 MHz DL in Band 28 as stated in Table 6.2.2-1 into account.

It should be noted that Bands 12, 13, 14, 17, 27, 30, 40, 44 are not intended for use in the same geographical area as Band 21. Consequently, the focus is on the IMD products falling into Bands 18, 26, 28 and 43 where receiver desensitization might be an issue.

Therefore, it is recommended that Bands 21 and 28 BS transmitters should not share the same antenna with Band 18, 26, 28 and 43 BS receivers, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 18, 26, 28 and 43 BS receivers desensitization.
6.2.4
ΔTIB and ΔRIB values

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.2.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21A-28A
	21
	0.4

	
	28
	0.3


Table 6.2.4-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_21A-28A
	21
	0

	
	28
	0


6.2.5
REFSENS requirements
Based on the co-existence study in section 6.2.3, there is no harmonic issue in this combination taking actual spectrum allocation into account and the MSD requirement is shown in table 6.2.5-1.
Table 6.2.5-1: MSD requirement for CA_21A-28A
	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_21A-28A1
	21
	
	
	N/A
	N/A
	N/A
	
	FDD

	
	28
	
	
	N/A
	N/A
	
	
	

	NOTE 1:
No requirements apply when there is at least one individual RE on band 28 uplink outside frequencies 728 – 738 MHz. The reference sensitivity is only verified when all configured RE’s are confined within frequencies 728 – 738 MHz (the requirements specified in clause 7.3.1 of [6] apply).


6.3
CA_1A-38A_BCS0
6.3.1 Operating bands for CA
Table 6.3.1-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	UE transmit / BS receive
	UE receive / BS transmit
	

	
	
	FUL_low – FUL_high 
	FDL_low – FDL_high 
	

	CA_1-38
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD


6.3.2
Channel bandwidths per operating band for CA
Table 6.3.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_1A-38A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.3.3  Co-existence studies
Table 6.3.3-1 summarizes frequency ranges where harmonics occur due to Band 1 or Band 38 for UL. It can be seen that the UL harmonic frequencies of Band 1 and Band 38 do not fall into the UE receive bands of interest in the DL.
Table 6.3.3-1: 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

	38
	2570
	2620
	2570
	2620
	5140
	5240
	7710
	7860


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 1 and Band 38 DL carriers can be calculated as shown in table 6.3.3-2 below:

Table 6.3.3-2: Band 1 and Band 38 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2170
	2570
	2620

	2nd order harmonics frequency range (MHz)
	4220
	4340
	5140
	5240

	3rd order harmonics frequency range (MHz)
	6330
	6510
	7710
	7860

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	400
	510
	4680
	4790

	3rd order IMD products
	(2*f1_low- f2_high)
	(2*f1_high- f2_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	1600
	1770
	2970
	3130

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

	IMD frequency limits (MHz)
	6790
	6960
	7250
	7410

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	2060
	2220
	2510
	2680

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	2090
	2190
	2550
	2640


It can be seen from table 6.3.3-2 that:

· the 2nd IMD products may fall into the BS receive band of Band 31. 

· the 3rd IMD products may fall into the BS receive band of Bands 3, 4, 7, 9, 10, 24, 38, 41 and 66.
assuming (except the last row) the whole 60 MHz DL frequency of Band 1 and the whole 50 MHz DL frequency of Band 38.

If the BS is transmitting with Max bandwidth of 20 MHz DL in Band 1 and 20MHz DL in Band 38 as stated in the WID, then the 3rd IMD products will still fall into same BS receive band of Bands 3, 4, 7, 9, 10, 24, 38, 41 and 66.
In terms of fall down to BS own receiver band, a TDD BS does not transmit and receive simultaneously in a single band, so the BS’s own band 38 receiver and other synchronized band 38 receivers will not be interfered.
In addition, it should be noted that Bands 4, 10, 24 and 66 are not intended for use in the same geographical area (country) as Bands 1 and 38. This leaves Bands 3, 7, 9, 31 and 41. to consider for IMD products.
It is recommended that Bands 1 and 38 BS transmitters do not share the same antenna with band of Bands 3, 7, 9, 31 and 41 BS receivers so that the antenna PIM will not cause Bands 3, 7, 9, 31 and 41 BS receiver desensitization.
6.3.4
 ΔTIB,c and ΔRIB,c values

For the UE that supports CA_1A-38A the ΔTIB,c is defined for applicable bands in table 6.3.4-1.
Table 6.3.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-38A
	1
	0.5

	
	38
	0.5


For the UE that supports CA_1A-38A the ΔRIB,c is defined for applicable bands in table 6.3.4-2.
Table 6.3.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-38A
	1
	0

	
	38
	0


6.4
CA_5A-66A_BCS0

6.4.1
Operating bands for CA

Table 6.4.1-1: 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_5-66
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.4.2
Channel bandwidths per operating band for CA
Table 6.4.2-1: E-UTRA CA configurations and bandwidth combination sets defined for CA_5A-66A

	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_5A-66A
	5
	
	
	Yes
	Yes
	
	
	30
	0

	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.4. 3
Co-existence studies

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 66 DL carriers can be calculated as shown in Table 6.4.2-1 below:

Table 6.4.2-1: Band 5 and Band 66 DL harmonics and IMD products

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

	DL frequency (MHz)
	869
	894
	2110
	2200

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1738
	1788
	4220
	4400

	3rd harmonics frequency limits (MHz)
	2607
	2682
	6330
	6600

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1216
	1331
	2979
	3094

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	322
	462
	3326
	3531

	
	
	
	
	

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

	IMD frequency limits (MHz)
	3848
	3988
	5089
	5294

	
	
	
	
	

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

	IMD frequency limits (MHz)
	779
	984
	2085
	2225

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	849
	914
	2100
	2210


It can be seen from Table 6.4.2-1 that the 2nd harmonics of BS transmitting in Band 5 may fall into the BS receive band of Bands 3, 4, 9, 10 and 66, and the 3rd harmonics may fall into the BS receive band of Bands 38 and 41, while the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 8, 13, 14, 18, 19, 20, 22, 26, 27, 31, 42, 44 and 46.  Note that the calculation in Table 6.4.2-1 (except the last row) assumes the BS is transmitting with the whole 25 MHz DL frequency of Band 5 and the whole 90 MHz DL frequency of Band 66. If the BS is only transmitting up to 10 MHz DL in Band 5 and up to 20 MHz DL in Band 66 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 13, 14, 18, 19, 26, 27 or 44 as shown in the last row in Table 6.4.2-1.
Note that Bands 3, 8, 9, 20, 22 and 38 are not intended for use in the same geographical area as Bands 5 and 66. Therefore, the focus here is on the harmonics and IMD falling into Bands 4, 10, 31, 41, 42, 46 and 66. 
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 harmonics and IMD interference generated within the Band 4, 10, 31, 41, 42, 46 or 66 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 5 and 66 BS transmitters do not share the same antenna with Band 4, 10, 31, 41, 42, 46 or 66 BS receiver.
Therefore, it is recommended that Bands 5 and 66 BS transmitters should not share the same antenna with Band 4, 10, 31, 41, 42, 46 or 66 BS receiver, in order to prevent BS receiver desensitization, unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 4, 10, 31, 41, 42, 46 or 66 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.4.4
∆TIB and ∆RIB values
CA_5A-66A is formed by diplexing a carrier in Band 5 with a carrier in Band 66.  The diplexer relaxations TIB = 0.3 dB, RIB = 0 dB apply with no MSD or reference sensitivity exceptions.

6.5
CA_12A-66A_BCS0, CA_12A-66A_BCS1, CA_12A-66A_BCS2, CA_12A-66A_BCS3, CA_12A-66A_BCS4, and CA_12A-66A_BCS5 
6.5.1
Operating bands for CA

Table 6.5.1-1: 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_12-66
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.5.2
Channel bandwidths per operating band for CA
Table 6.5.2-1: E-UTRA CA configurations and bandwidth combination sets defined for CA_12A-66A 

	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_12A-66A
	12
	 
	 
	Yes
	Yes
	 
	 
	20
	0

	
	66
	Yes
	Yes
	Yes
	Yes
	 
	 
	
	

	
	12
	 
	 
	Yes
	Yes
	 
	 
	30
	1

	
	66
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	
	12
	 
	Yes
	Yes
	Yes
	 
	 
	30
	2

	
	66
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	

	
	12
	 
	 
	Yes
	Yes
	 
	 
	20
	3

	
	66
	 
	 
	Yes
	Yes
	 
	 
	
	

	
	12
	 
	 
	Yes
	Yes
	 
	 
	30
	4

	
	66
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	

	
	12
	 
	 
	Yes
	 
	 
	 
	20
	5

	
	66
	 
	 
	Yes
	Yes
	Yes
	 
	
	


6.5.3
Co-existence studies

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 12 and Band 66 DL carriers can be calculated as shown in Table 6.5.3-1 below:

Table 6.5.3-1: Band 12 and Band 66 DL harmonics and IMD products

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

	DL frequency (MHz)
	729
	746
	2110
	2200

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1458
	1492
	4220
	4400

	3rd harmonics frequency limits (MHz)
	2187
	2238
	6330
	6600

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1364
	1471
	2839
	2946

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	618
	742
	3474
	3671

	
	
	
	
	

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

	IMD frequency limits (MHz)
	3568
	3692
	4949
	5146

	
	
	
	
	

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

	IMD frequency limits (MHz)
	639
	836
	2093
	2217

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	709
	766
	2100
	2210


It can be seen from Table 6.5.3-1 that the 2nd harmonics of BS transmitting in Band 12 may fall into the BS receive band of Bands 21 and 45, while the 2nd IMD products supporting CA of Band 12 and Band 66 may fall into the BS receive band of Bands 11, 21 and 45, and the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 42, 43, 44 and 68. Note that the calculation in Table 6.5.3-1 (except the last row) assumes the BS is transmitting with the whole 17 MHz DL frequency of Band 12 and the whole 90 MHz DL frequency of Band 66. If the BS is only transmitting up to 10 MHz DL in Band 12 and up to 20 MHz DL in Band 66 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 13, 14, 18, 19, 20, 26 or 27 as shown in the last row in Table 6.5.3-1.
Note that the 3rd IMD products may fall into the BS own receive blocks of Band 12. Assume that the 2 component carriers (CC) transmitted by the Bands 12 and 66 BS are a and b MHz channel bandwidth and c and d MHz from the edges of Bands 12 and 66 DL frequency bands as shown in Figure 6.5.3-1 below:

 SHAPE  \* MERGEFORMAT 



Figure 6.5.3-1: CC transmitted by the Bands 12 and 66 BS
And the corresponding BS receive blocks are as shown in Figure 6.5.3-2 below:

 SHAPE  \* MERGEFORMAT 



Figure 6.5.3-2: CC received by the Bands 12 and 66 BS
Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 6.5.3-2 below:
Table 6.5.3-2: Bands 12 and 66 BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(f2-low – 2*f1-high)
	742 – d – 2*c – b – 2*a

	(f2-high – 2*f1-low)
	742 – d – 2*c

	(2*f2-low – f1-high)
	3671 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	3671 – 2*d – c

	(f1-low – f2-high + f2-low)
	729 + c – b

	(f1-high + f2-high – f2-low)
	729 + c + b + a

	(f2-low – f1-high + f1-low)
	2200 – d – b – a

	(f2-high + f1-high – f1-low)
	2200 – d + a


Comparing the IMD frequency limits in Table 6.5.3-2 with the BS receive blocks in Figure 6.5.3-2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will only fall into the BS own receive blocks of Band 12 under one of the transmit configurations shown in Table 6.5.3-3 below:
Table 6.5.3-3: Bands 12 and 66 BS transmit configurations with 3rd IMD falling within Band 12 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	1st and 2nd CC position (c and d MHz) with IMD falling into 1st CC receive block

	5
	1.4
	26.6 < 3*c + d < 43

	5
	3
	25 < 3*c + d < 43

	5
	5
	23 < 3*c + d < 43

	5
	10
	18 < 3*c + d < 43

	5
	15
	13 < 3*c + d < 43

	5
	20
	8 < 3*c + d < 43

	10
	1.4
	11.6 < 3*c + d < 43

	10
	3
	10 < 3*c + d < 43

	10
	5
	8 < 3*c + d < 43

	10
	10
	3 < 3*c + d < 43

	10
	15
	3*c + d < 43

	10
	20
	3*c + d < 43


Note that Bands 11, 21, 22, 28, 44, 45 and 68 are not intended for use in the same geographical area as Bands 12 and 66. Therefore, the focus here is on the harmonics and IMD falling into Bands 12, 17, 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 harmonics and IMD interference generated within the Band 12, 17, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 12 and 66 BS transmitters do not share the same antenna with Band 12, 17, 42 or 43 BS receiver or the own Band 12 BS receiver if the aforementioned BS transmit configurations are used.
Therefore, it is recommended that Bands 12 and 66 BS transmitters should not share the same antenna with Band 12, 17, 42 or 43 BS receiver or the own Band 12 BS receiver if the aforementioned BS transmit configurations are used, in order 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, 17, 42 or 43 BS or the own Band 12 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.5.4
∆TIB and ∆RIB values
CA_12A-66A have a third-order harmonic impinging upon the downlink in Band 66 for some uplink carriers in Band 12.  The impact of the 3rd harmonic has already been studied and specified for CA_4A-12A and CA_4A-12B which include additional allowances in TIB and RIB for a harmonic trap filter in Band 12.  The resulting TIB in Band 12 is 0.8 dB and in Band 66 is 0.3 dB.  The resulting RIB in Band 12 is 0.5 dB and in Band 66 is 0 dB.

6.5.5
REFSENS requirements
Reference sensitivity exceptions for CA_12A-66A are defined due to third harmonic interference from the uplink in Band 12 to the downlink in Band 66.  The impact of the 3rd harmonic has already been studied and specified for CA_4A-12A and CA_4A-12B. The reference sensitivity for Band 4 is adjusted by exception when there is Tx-to-Rx harmonic overlap to account for the interference in Tables 7.3.1A-0a and 7.3.1A-0b in TS 36.101.  We propose that the same values be applied to CA_12A-66A as well, with a 0.5 dB adjustment in reference sensitivity exception value to account for the 0.5 dB difference in reference sensitivity between Band 66 and Band 4.

Table 6.5.5-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	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_12A-66A1,2
	12
	
	-98.2
	-96.5
	-93.5
	
	
	FDD

	
	66
	-88.7
	-88.7
	-89.5
	-89
	-88.5
	-88
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 2:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that [image: image5.wmf]ë
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Table 6.5.5-2: Uplink configuration for the low band (exceptions)
	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_12A-66A
	12
	2
	5
	8
	16
	20
	20
	FDD


6.6
CA_13A-66A_BCS0
6.6.1
Operating bands for CA

Table 6.6.1-1: 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_13-66
	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.6.2
Channel bandwidths per operating band for CA
Table 6.6.2-1: E-UTRA CA configurations and bandwidth combination sets defined for CA_13A-66A 

	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_13A-66A
	13
	
	
	Yes
	Yes
	
	
	13
	

	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.6.3
Co-existence studies

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 13 and Band 66 DL carriers can be calculated as shown in Table 6.6.2-1 below:

Table 6.6.2-1: Band 13 and Band 66 DL harmonics and IMD products

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

	DL frequency (MHz)
	746
	756
	2110
	2200

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1492
	1512
	4220
	4400

	3rd harmonics frequency limits (MHz)
	2238
	2268
	6330
	6600

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1354
	1454
	2856
	2956

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	598
	708
	3464
	3654

	
	
	
	
	

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

	IMD frequency limits (MHz)
	3602
	3712
	4966
	5156

	
	
	
	
	

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

	IMD frequency limits (MHz)
	656
	846
	2100
	2210

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	726
	776
	2100
	2210


It can be seen from Table 6.6.2-1 that the 2nd and 3rd harmonics of BS transmitting in Bands 13 and 66 will not fall into the BS receive band of any frequency band currently defined in 3GPP, but the 2nd IMD products supporting CA of Band 13 and Band 66 may fall into the BS receive band of Bands 11, 21 and 45, and the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 12, 13, 14, 17, 18, 19, 20, 22, 26, 27, 28, 42, 43, 44 and 46.  Note that the calculation in Table 6.6.2-1 (except the last row) assumes the BS is transmitting with the whole 10 MHz DL frequency of Band 13 and the whole 90 MHz DL frequency of Band 66. If the BS is only transmitting up to 10 MHz DL in Band 13 and up to 20 MHz DL in Band 66 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 13, 14, 18, 19, 20, 26 or 27 as shown in the last row in Table 6.6.2-1.
Note that Bands 11, 21, 22, 28, 44 and 45 are not intended for use in the same geographical area as Bands 13 and 66. Therefore, the focus here is on the harmonics and IMD falling into Bands 12, 17, 42, 43 and 46. 
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 harmonics and IMD interference generated within the Band 12, 17, 42, 43 or 46 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 13 and 66 BS transmitters do not share the same antenna with Band 12, 17, 42, 43 or 46 BS receiver.
Therefore, it is recommended that Bands 13 and 66 BS transmitters should not share the same antenna with Band 12, 17, 42, 43 or 46 BS receiver, in order 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, 17, 42, 43 or 46 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

6.6.4
∆TIB and ∆RIB values
CA_13A-66A is formed by diplexing a carrier in Band 13 with a carrier in Band 66.  No harmonic terms overlap with downlink in Band 66 from uplink in Band 13.  The diplexer relaxations TIB = 0.3 dB, RIB = 0 dB apply with no MSD or reference sensitivity exceptions.

6.7
CA_29A-66A_BCS0
6.7.1
Operating bands for CA

Table 6.7.1-1: 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_29-66
	29
	N/A
	717 MHz
	–
	728 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.7.2
Channel bandwidths per operating band for CA
Table 6.7.2-1: E-UTRA CA configurations and bandwidth combination sets defined for CA_13A-66A 

	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_29A-66A
	29
	
	
	Yes
	Yes
	
	
	30
	0

	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.7.3
Co-existence studies

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 29 and Band 66 DL carriers can be calculated as shown in Table 6.7.3-1 below:

Table 6.7.3-1: Band 29 and Band 66 DL harmonics and IMD products

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

	DL frequency (MHz)
	717
	728
	2110
	2200

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1434
	1456
	4220
	4400

	3rd harmonics frequency limits (MHz)
	2151
	2184
	6330
	6600

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	1382
	1483
	2827
	2928

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	654
	766
	3492
	3683

	
	
	
	
	

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

	IMD frequency limits (MHz)
	3544
	3656
	4937
	5128

	
	
	
	
	

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

	IMD frequency limits (MHz)
	627
	818
	2099
	2211

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	697
	748
	2100
	2210


It can be seen from Table 6.7.3-1 the 2nd harmonics of BS transmitting in Band 29 may fall into the BS receive band of Bands 11, 21 and 45, while the 2nd IMD products supporting CA of Band 29 and Band 66 may fall into the BS receive band of Bands 11, 21 and 45, and the 3rd IMD products may fall into the BS receive band of Bands 12, 13, 14, 17, 18, 26, 27, 28, 42, 43, 44 and 68. Note that the calculation in Table 6.7.3-1 (except the last row) assumes the BS is transmitting with the whole 11 MHz DL frequency of Band 29 and the whole 90 MHz DL frequency of Band 66. If the BS is only transmitting up to 10 MHz DL in Band 29 and up to 20 MHz DL in Band 66 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 13, 14, 18, 26 or 27 as shown in the last row in Table 6.7.3-1.
Note that Bands 11, 21, 28, 44, 45 and 68 are not intended for use in the same geographical area as Bands 29 and 66. Therefore, the focus here is on the harmonics and IMD falling into Bands 12, 17, 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 harmonics and 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 Bands 29 and 66 BS transmitters do not share the same antenna with Band 42 or 43 BS receiver.
Therefore, in order to prevent BS receiver desensitization, it is recommended that Bands 29 and 66 BS transmitters should not share the same antenna with Band 12 or 17 BS receiver, or with Band 42 or 43 BS receiver 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.

6.7.4
∆TIB and ∆RIB values
CA_29A-66A is formed by diplexing a carrier in Band 66 with a SDL carrier in Band 29.  No harmonic terms overlap with downlink in Band 29 from uplink in Band 66.  The diplexer relaxations TIB = 0.3 dB, RIB = 0 dB apply with no MSD or reference sensitivity exceptions.

6.8
CA_2A-66A BCS0/1/2
6.8.1
Operating bands for CA

Table 6.8.1-1: 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_2-66
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.8.2
Channel bandwidths per operating band for CA
Table 6.8.2-1: Channel bandwidths per operating band
	E-UTRA CA configuration / Bandwidth combination set

	

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_2A-66A
	-
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes 
	40
	0

	
	
	66
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	2
	 
	 
	Yes
	Yes
	 
	 
	20
	1

	
	
	66
	 
	 
	Yes
	Yes
	 
	 
	
	

	
	
	2
	 
	 
	Yes
	Yes
	Yes
	Yes
	40
	2

	
	
	66
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	


6.8.3
Co-existence studies
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 and Band 66 DL carriers can be calculated as shown in Table 6.8.3-1 below:

Table 6.8.3-1: Band 2 and Band 66 DL harmonics and IMD products

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

	DL frequency (MHz)
	1930
	1990
	2110
	2200

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	3860
	3980
	4220
	4400

	3rd harmonics frequency limits (MHz)
	5790
	5970
	6330
	6600

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	120
	270
	4040
	4190

	
	
	
	
	

	3rd order IMD products 
	(2*f1-low – f2-high)
	(2*f1-high – f2-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	1660
	1870
	2230
	2470

	
	
	
	
	

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

	IMD frequency limits (MHz)
	5970
	6180
	6150
	6390

	
	
	
	
	

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

	IMD frequency limits (MHz)
	1840
	2080
	2050
	2260

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	1910
	2010
	2090
	2220


It can be seen from Table 6.8.3-1 that the 3rd harmonics of BS transmitting in Band 2 may fall into the BS receive band of Band 46, while the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 3, 4, 9, 10, 23, 24, 25, 30, 33, 34, 35, 36, 37, 39, 40, 65 and 66. Note that the calculation in Table 6.6.2-1 (except the last row) assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2 and the whole 90 MHz DL frequency of Band 66. If the BS is only transmitting up to 20 MHz DL in Band 2 and up to 20 MHz DL in Band 66 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 34 as shown in the last row in Table 6.8.3-1. 
Note that the 3rd order IMD products may fall into the BS own receive block within Band 2 or Band 66. Assume that the paired spectrum within Band 66 is used, and the 2 carriers transmitted by the CA_2A-66A BS are a and b MHz in channel bandwidth and c and d MHz from the edges of Band 2 and Band 66 DL frequency bands as shown in Figure 6.8.3-1 below:
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Figure 6.8.3-1: 2 carriers transmitted by the CA_2A-66A BS using paired spectrum within Band 66
And the corresponding BS receive blocks are as shown in Figure 6.8.3-2 below:
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Figure 6.8.3-2: 2 carriers received by the CA_2A-66A BS using paired spectrum within Band 66
Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 6.8.3-2 below:

Table 6.8.3-2: CA_2A-66A BS DL 3rd order IMD products using paired spectrum within Band 66
	3rd order IMD products
	IMD frequency limits (MHz)

	(2*f1-low – f2-high)
	1680 + 2*c + d

	(2*f1-high – f2-low)
	1680 + 2*c + d + 2*a + b

	(2*f2-low – f1-high)
	2430 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	2430 – 2*d – c

	(f1-low – f2-high + f2-low)
	1930 + c – b

	(f1-high + f2-high – f2-low)
	1930 + c + b + a 

	(f2-low – f1-high + f1-low)
	2180 – d – a – b 

	(f2-high + f1-high – f1-low)
	2180 – d + a


Comparing the IMD frequency limits in Table 6.8.3-2 with the BS receive blocks in Figure 6.8.3-2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will not fall into the BS own receive block of Band 2, and will only fall into the BS own receive block of Band 66 under one of the transmit configurations shown in Table 6.8.3-3 below:

Table 6.8.3-3: CA_2A-66A BS transmit configurations using paired spectrum within Band 66 with 3rd IMD within Band 66 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	CC position (d, e and f MHz)

	5
	5
	40 < c + d < 50

	5
	10
	35 < c + d < 50

	10
	5
	35 < c + d < 50

	5
	15
	30 < c + d < 50

	10
	10
	30 < c + d < 50

	15
	5
	30 < c + d < 50

	5
	20
	25 < c + d < 50

	10
	15
	25 < c + d < 50

	15
	10
	25 < c + d < 50

	20
	5
	25 < c + d < 50

	10
	20
	20 < c + d < 50

	15
	15
	20 < c + d < 50

	20
	10
	20 < c + d < 50

	15
	20
	15 < c + d < 50

	20
	15
	15 < c + d < 50

	20
	20
	10 < c + d < 50


Next assume that the unpaired spectrum within Band 66 is used, and the 2 carriers transmitted by the CA_2A-66A BS are a and b MHz in channel bandwidth and c and d MHz from the edges of Band 2 and Band 66 DL frequency bands as shown in Figure 6.8.3-3 below:
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Figure 6.8.3-3: 2 carriers transmitted by the CA_2A-66A BS using unpaired spectrum within Band 66
And the corresponding BS receive blocks are as shown in Figure 6.8.3-4 below:
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Figure 6.8.3-4: 2 carriers received by the CA_2A-66A BS using unpaired spectrum within Band 66
Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 6.8.3-4 below:

Table 6.8.3-4: CA_2A-66A BS DL 3rd order IMD products using unpaired spectrum within Band 66
	3rd order IMD products
	IMD frequency limits (MHz)

	(2*f1-low – f2-high)
	1660 + 2*c + d

	(2*f1-high – f2-low)
	1660 + 2*c + d + 2*a + b

	(2*f2-low – f1-high)
	2470 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	2470 – 2*d – c

	(f1-low – f2-high + f2-low)
	1930 + c – b

	(f1-high + f2-high – f2-low)
	1930 + c + b + a 

	(f2-low – f1-high + f1-low)
	2200 – d – a – b 

	(f2-high + f1-high – f1-low)
	2200 – d + a


Comparing the IMD frequency limits in Table 6.8.3-4 with the BS receive blocks in Figure 6.8.3-4, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will not fall into the BS own receive block of Band 2 or Band 66.
Note that Bands 1, 3, 9, 33, 39, 40 and 65 are not intended for use in the same geographical area as Bands 2 and 66. Moreover, co-location of Band (2 + 66) transmitter and Band 35, 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here is on the harmonics and IMD falling into Bands 2, 4, 10, 23, 24, 25, 30, 46 and 66.
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 harmonics and IMD interference generated within the Band 2, 4, 10, 24, 25, 30, 46 or 66 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 2 and 66 BS transmitters do not share the same antenna with Band 2, 4, 10, 24, 25, 30, 46 or 66 BS receiver, or the own Band 66 BS receiver if the aforementioned BS transmit configurations are used. But the Band 2 BS transmit filter and the Band 23 BS receive filter would not be able to provide substantial attenuation to reduce the IMD interference generated within the Band 23 BS receive band to well below the receiver noise floor to prevent receiver desensitization, as there is not a large frequency gap between Band 2 DL and Band 23 UL.
Therefore, in order to prevent BS receiver desensitization, it is recommended that Bands 2 and 66 BS transmitters should not share the same antenna with Band 23 BS receiver, or with Band 2, 4, 10, 24, 25, 30, 46 or 66 BS receiver or the own Band 66 BS receiver if the aforementioned BS transmit configurations are used unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 2, 4, 10, 24, 25, 30, 46 or 66 BS or the own Band 66 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
6.8.4
∆TIB and ∆RIB values
TIB and RIB have been agreed to be consistent with CA_2A-4A.

Table 6.8.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-66A
	2
	0.5

	
	66
	0.5


Table 6.8.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_2A-66A
	2
	0.3

	
	66
	0.3


6.9

CA_20A-28A_BCS0
6.9.1
Operating bands for CA

Table 6.9.1-1: Inter-band CA for Band 20 and Band 28 (lower duplex)

	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_20-28
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	28
	703 MHz
	–
	733 MHz 1
	758 MHz
	–
	788 MHz 1
	

	NOTE 1:
The frequency range in band 28 is restricted for this CA band combination.


6.9.2
Channel bandwidths per operating band for CA
Table 6.9.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_20A-28A9
	20
	
	
	
	Yes
	Yes
	Yes

	
	28
	
	
	Yes
	Yes
	Yes
	Yes

	NOTE 9:
Power imbalance between downlink carriers on Band 20 and Band 28 is assumed to be within [6dB].


6.9.3
Co-existence studies

The feasibility and co-existence for this combo was studied in Rel-13 and is reported in TR 36.852-13 for the BS and UE. For the UE with single UL harmonics do not fall into the own receive bands.

6.9.4
∆TIB and ∆RIB values
To the filter data in TR 36.852-13 filter vendor D supplied data for quadplexer and triplexer performance over ETC. Filter vendor A information is over ETC and filter vendor B and C data over room temperature.
Table 6.9.4-1: Filter combiner information
	
	Vendor A

FBAR Triplexer with combined Rx (from R4-155887)
	Vendor A

Reference single duplexer performance (from R4-155887)
	Vendor B
SAW quadplexer (from R4-156521)
	Vendor C
SAW quadplexer (from R4-156521)
	Vendor D

SAW quadplexer, temperature compensated
	Vendor D

SAW triplexer with combined Rx, temperature controlled

	B20 Tx IL, dB
	2.3
	2 to 2.5
	2.9
	3.1
	2.5
	2.5

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	N/A
	2.9

	B20 Rx IL, dB
	N/A
	2.5
	5.1
	3.0
	3.5
	N/A

	B20Tx-B20Rx ISO in Transmit Band 20, dB
	60
	60
	-
	-
	55
	55

	B20Tx-B28ARx cross-band ISO in Transmit Band 28A, dB
	58
	N/A
	-
	-
	54
	56

	B20Tx-B20Rx ISO in Receive Band 20, dB
	60
	60
	53
	58
	50
	56

	B20Tx-B28ARx cross-band ISO in Receive Band 28A, dB
	59
	N/A
	48
	48
	53
	58

	Band 28A Tx IL, dB
	2.4
	3
	2.2
	2.4
	2.6
	2.6

	B20+B28A Rx IL, dB
	2.8
	N/A
	N/A
	N/A
	N/A
	2.9

	B28A Rx IL, dB
	N/A
	3
	5.6
	4.5
	3.2
	N/A

	B28ATx-B28ARx ISO in Transmit Band 28A, dB
	58
	59
	-
	-
	56
	56

	B28ATx-B20Rx cross-band ISO in Transmit Band 20, dB
	60
	N/A
	-
	-
	60
	58

	B28ATx-B28ARx ISO in Receive Band 28A, dB
	60
	54
	54
	57
	57
	56

	B28ATx-B20Rx cross-band ISO in Receive Band 20, dB
	60
	N/A
	46
	56
	55
	60

	B28A Tx attenuation ( DTV, dB
	>30
(470 to 694 MHz)
	>30
(470 to 694 MHz)
	46 dB @ 694 MHz (flyback to 40 dB at 670 MHz)
	-
	>30

(470 to 694 MHz)
	>30

(470 to 694 MHz)


The filter combiner data additional ILs for filter vendor B and C in the above table is not given over ETC and are too high for this CA combo. State-of-the-art filter technology is needed in order to combine B20 and B28A (lower duplex). The average additional IL for filter vendor A and D with respect to the reference single duplexer is given in the table below. For the B20 Tx reference duplexer the better value of 2 dB additional IL has been taken in order to calculate the average additional IL.

Table 6.9.4-2: Additional IL values for band 20 + 28A triplexer and quadplexer (under ETC) for filter vendor A and D in the above table
	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	Average 

IL (dB) 

	20 Tx
	0.3
	0.5
	0.5
	0.4

	20 Rx
	0.3
	1
	0.4
	0.6

	28A Tx
	-0.6
	-0.4
	-0.4
	-0.5

	28A Rx
	-0.2
	0.2
	-0.1
	0


Looking at the low-low band CA framework which was agreed in: R4-146833 and the background information  in R4-145843 we find that CA_2DL_20A-28A_1UL_BCS0 can follow the framework.
For two simultaneous DL and one UL the (TIB,c and (RIB values are shown in Table 6.9.4-3, and in Table.6.9.4-4:

Table 6.9.4-3: ΔTIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_20A-28A
	20
	0.5

	
	28
	0.5


Table 6.9.4-4: ΔRIB,c (two bands) 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_20A-28A
	20
	0

	
	28
	0


NOTE: To meet the (RIB,c requirements for CA_20A-28A state-of-the-art filter combiner technology is needed.

6.9.5
REFSENS requirements
No change in B20 or B28 REFSENS requirements are needed as the 1UL does not cause harmonic distortion to the own receiving bands. The ΔRIB,c is given in the table above.

6.9.6
Blocking requirements
The inband blocking for CA and OOB blocking for single carrier and CA needs the following changes for CA_20A-28A in TS 36.101 (changes are highlighted in yellow)

Changes in TS 36.101 Section 7.6.1.1A for in-band blocking and 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. For adjacent downlink bands separated by less than 30 MHz the frequency separation between the center frequencies of adjacent component carriers belonging to different bands shall be ≥ BW1/2 + BW2/2 + 2FIoffset,case j for Case j interferers, j = 1,2, where BWk/2 are the channel bandwidths of carrier k, k = 1,2. 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 7.3.1-1A, PInterferer power defined in Table 7.6.1.1-2 is increased by the amount given by ΔRIB,c in Table 7.3.1-1A. For E-UTRA CA configurations including an operating band without uplink operation or an operating band with an unpaired DL part (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of UL operation. The requirements for the component carrier configured in the operating band without uplink operation are specified in Table 7.6.1.1A-0, Table 7.6.1.1A-0a and Table 7.6.1.1A-0b.

Changes in TS 36.101 for Table 7.6.2.1-2 for out of band blocking:

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 65, 66
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 

NOTE 2:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.

NOTE 3:
For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.
NOTE 4:
For a UE supporting CA_20A-28A the requirements for Band 20 and Band 28 apply with FDL_low  given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high  by Band 20 (Table 5.5A-2).


Changes in TS.36.101 for Table 7.6.2.1A-0 for the out-of-band blocking for inter-band carrier aggregation
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pw
	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 with 

j < X

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 ≤ 4 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) with j < X, 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 requirments 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. 

NOTE 5:
For inter-band CA combinations containing Bands 42 or 43, the interferer with respect to Band 42 or Band 43 shall have power level (PInterferer) for Range 3 modified to -20 + RIB,c dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.

NOTE 6:
For inter-band CA combinations containing Bands 7 and 38 simultaneously, for FInterferer  Bands 7 and 38 are considered as one single band as follows: FDL_Low = 2570 MHz and FDL_High = 2690 MHz. For Range 2, the following applies for FDL_Low: [-105] < f – FDL_Low ≤ -60 or 60 ≤ f – FDL_High < 85 . For Range 3 the following applies 1 ≤ f ≤ FDL_Low  [-105] or FDL_High + 85 ≤ f ≤ 12750.
NOTE 7:
For CA_20A-28A the FDL_low(1)  is given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high(2)  by Band 20 (Table 5.5A-2).


Clarification for the abbreviations in TS 36.101 for Section 3.2 Symbols with changes highlighted in yellow.

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

BWChannel
Channel bandwidth

BWChannel,block 
Sub-block bandwidth, expressed in MHz. BWChannel,block= Fedge,block,high- Fedge,block,low.

BWChannel_CA 
Aggregated channel bandwidth, expressed in MHz.

BWGB
Virtual guard band to facilitate transmitter (receiver) filtering above / below edge CCs.


[image: image13.wmf]RS

E


Transmitted energy per RE for reference symbols during the useful part of the symbol, i.e. excluding the cyclic prefix, (average power normalized to the subcarrier spacing) at the eNode B transmit antenna connector 


[image: image14.wmf]s

E

ˆ


The averaged received energy per RE of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector; average power is computed within a set of REs used for the transmission of physical channels (including user specific RSs when present), divided by the number of REs within the set, and normalized to the subcarrier spacing 

F




Frequency

Fagg_alloc_low
Aggregated Transmission Bandwidth Configuration. The lowest frequency of the simultaneously transmitted resource blocks.

Fagg_alloc_high
Aggregated Transmission Bandwidth Configuration. The highest frequency of the simultaneously transmitted resource blocks.

FInterferer (offset)    Frequency offset of the interferer (between the center frequency of the interferer and the carrier frequency of the carrier measured)
FInterferer                          Frequency of the interferer                
FIoffset                        
Frequency offset of the interferer (between the center frequency of the interferer and the closest edge of the carrier measured) 

6.10
CA_3A-69A_BCS0
6.10.1
Operating bands for CA

Table 6.10.1-1: Inter-band CA for Band 3 and Band 69 (lower duplex)

	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_3-69
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	69
	N/A
	2570 MHz  
	–
	2620 MHz
	

	


6.10.2
Channel bandwidths per operating band for CA
Table 6.10.2-1: Channel bandwidths per operating band
	E-UTRA CA configuration / Bandwidth combination set

	

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_3A-69A
	-
	3
	 
	 
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	69
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	


6.10.3
Co-existence studiesThe 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 69 DL carriers can be calculated as shown in Table 6.10.2-1 below:

Table 6.10.2-1: Band 3 and Band 69 DL harmonics and IMD products

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

	DL frequency (MHz)
	1805
	1880
	2570
	2620

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	3610
	3760
	5140
	5240

	3rd harmonics frequency limits (MHz)
	5415
	5640
	7710
	7860

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	690
	815
	4375
	4500

	
	
	
	
	

	3rd order IMD products 
	(2*f1-low – f2-high)
	(2*f1-high – f2-low)
	(2*f2-low – f1-high)
	(2* f2-high – f1-low)

	IMD frequency limits (MHz)
	990
	1190
	3260
	3435

	
	
	
	
	

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

	IMD frequency limits (MHz)
	6180
	6380
	6945
	7120

	
	
	
	
	

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

	IMD frequency limits (MHz)
	1755
	1930
	2495
	2695

	
	
	
	
	

	3rd order IMD products (with maximum channel bandwidth)
	(f1-low – f2-BWmax)
	(f1-high + f2- BWmax)
	(f2-low – f1- BWmax)
	(f2-high + f1- BWmax)

	IMD frequency limits (MHz)
	1785
	1900
	2550
	2640


It can be seen from Table 6.10.2-1 that the 2nd harmonics of BS transmitting in Bands 3 and 69 may fall into the BS receive band of Bands 43 and 66, respectively, and the 3rd harmonics of Band 3 may fall into the BS receive band of Band 46, while the 2nd IMD products supporting CA of Bands 3 and 69 may fall into the BS receive band of Bands 12, 13, 14, 17,  26, 27, 28, 44 and 68, and the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 3, 7, 9, 10, 22, 25, 33, 35, 37, 38, 39, 41, 42, 65 and 66. Note that the calculation in Table 6.10.2-1 (except the last row) assumes the BS is transmitting with the whole 75 MHz DL frequency of Band 3 and the whole 50 MHz DL frequency of Band 69. If the BS is only transmitting up to 20 MHz DL in Band 3 and up to 20 MHz DL in Band 69 as stated in the WIDS, then the 3rd IMD products will not fall into the BS receive band of Band 1, 3, 9, 10, 33, 37, 65 or 66 as shown in the last row in Table 6.10.2-1.
Note that Bands 2, 12, 13, 14, 17, 25, 26, 27, 35, 39, 41, 44, 46, and 68 are not intended for use in the same geographical area as Bands 3 and 69. Moreover, co-location of Band 3 transmitter and Band 38 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Therefore, the focus here is on the harmonics and IMD falling into Bands 7, 22, 28, 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 harmonics and IMD interference generated within the Band 22, 28, 42 or 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 3 and 69 BS transmitters do not share the same antenna with Band 22, 28, 42 or 43 BS receiver. But the Band 69 BS transmit band is adjacent to the Band 7 BS receive band, and hence Band 7 BS receiver desensitization may still be an issue.
Therefore, in order to prevent BS receiver desensitization, it is recommended that Bands 3 and 69 BS transmitters should not share the same antenna with Band 7 BS receiver, or with Band 22, 28, 42 or 43 BS receiver unless the antenna path meets very stringent 2nd and 3rd order PIM specification so that the PIM will not cause Band 22, 28, 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.
6.10.4∆TIB and ∆RIB values
The relaxations for carrier aggregation were defined previously for CA_3-38 where additional insertion loss from two vendors to combine these two bands was provided.  Since the same method of combining Band3 and Band 38 also applies to combining Band 3 and the 2.6 GHz SDL band, the same data can be applied and the same conclusion for TIB and RIB. 

The filter data as reported in TR 36.852-13 [5], subclause 7.2.3.1.3 is applicable for this band as well and is copied below for convenience.

Table 6.10.3-1: IL values for band 3+38 diplexer and quadplexers (under ETC) (copied from [7]) 

	E-UTRA bands
	Vendor A IL (dB)
	Vendor B IL (dB)

	3 Tx
	0,5
	0,6

	3 Rx
	0,5
	0,6

	38 Tx/Rx
	0,5
	0,7


Table 6.10.3-2: Average Tx and Rx IL for combining band 3 and band 38 (under ETC) (copied from [7])
	Inter-band CA Configuration
	E-UTRA Band
	Tx IL [dB]
	Rx IL [dB]
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	3
	0,55
	0,55

	
	38
	0,6


For two simultaneous DLs in Band 3 and the SDL band, and one UL in Band 3, the (TIB,c and (RIB values are shown in Table 7.2.3.1.3-3 and in Table 7.2.3.1.3‑4:

Table 6.10.3-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-69A
	3
	0.5

	
	69
	N/A


Table 6.10.3-4: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3A-69A
	3
	0

	
	69
	0


The implementation of these TIB and RIB values for SDL bands is such that the RIB (zero in this case) is embedded in the reference sensitivity in Table 7.3.1A-0d of TS 36.101, and the TIB is listed explicitly in Table 6.2.5-2 of TS 36.101.

6.10.5 REFSENS requirements
Reference sensitivity for Band 38 has been defined taking into consideration the front-end loss due to filtering and the fact that since the Band is TDD, there is no simultaneous uplink to suppress when receiving on the downlink.  For the SDL band, the filtering front-end loss is identical and similarly, there is no self-band uplink to suppress.  However, there is uplink in the PCell that may impact receiver sensitivity since the SDL band is operated in CA.  In CA reference sensitivity where transmitter noise originates from the cross-band, the degradation to reference sensitivity, if any, is captured as a reference sensitivity exception.  Noting the similarity of CA_3A-38A with the new SDL CA configuration of Band 3 + 69, and observing that there is no reference sensitivity degradation or exception allowed for CA_3A-38A, it can be concluded that no additional reference sensitivity degradation for CA is needed for the SDL band either.  The reference sensitivity value for the SDL band can then be specified identically to that of Band 38.

Table 6.10.4-1: Reference sensitivity QPSK PREFSENS
	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-69A
	3
	
	
	-97 
	-94
	-92.2
	-91
	FDD

	
	69
	
	
	-100
	-97
	-95.2
	-94
	


Table 6.10.4-2: Uplink configuration for reference sensitivity

	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-69A
	3
	
	
	25
	50
	75
	100
	FDD

	
	69
	
	
	N/A
	N/A
	N/A
	N/A
	


6.11
CA_7A-8A_BCS2
6.11.1 Operating bands for CA

CA_7A-8A is already specified in Release 12. See clause 6.3.5 in [4] for CA operating bands.
6.11.2
Channel bandwidths per operating band for CA
A new bandwidth combination set 2 is introduced for CA_7A-8A in Release 14.
Table 6.11.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	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_7A-8A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	8
	
	
	Yes
	Yes
	
	
	
	


6.11.3
Co-existence studies for CA_7A-8A

The same analysis as Release 12 is applied. See clause 6.3.5.1.2 in [4].

6.11.4

ΔTIB,c and ΔRIB (1 UL) 

The same relaxation values as Release 12 are applied. See clause 6.3.5.1.3 in [4].
6.11.5
REFSENS requirements  

The same MSD specification as Release 12 with additional 5MHz support in Band 7 for CA_7A_8A_BCS2 is applied. 
Table 6.11.5-1: 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_7A-8A
	7
	
	
	-88
	-87,4
	-87
	-86,7
	FDD

	
	8
	
	-99
	-96,8
	-93,8
	
	
	

	




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 transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that [image: image20.wmf]ë
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Table 6.11.5-2: 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_7A-8A
	8
	
	
	8
	16
	25
	25
	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 TS 36.101 Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to TS 36.101 Table 7.3.1-2 applies.


	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


6.12
CA_3A-32A_BCS0

6.12.1
Operating bands for CA

Table 6.12.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_3-32
	3
	1710 MHz
	–
	1785 MHz
	5,10, 15, 20
	1805 MHz
	–
	1880 MHz
	5, 10, 15, 20
	FDD

	
	32
	N/A
	N/A
	1452 MHz
	–
	1496 MHz
	5, 10, 15, 20
	


6.12.2

Channel bandwidths per operating band for CA

Table 6.12.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_3A-32A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	32
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.12.3
Co-existence studies

<Editor’s note: Text to be added>

6.12.4
ΔTIB,c and ΔRIB,c values


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 6.12.4-1.

Table 6.12.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-32A
	3
	0.5


For the UE which supports inter-band carrier aggregation configuration in Table 6.12.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101 [2]) shall be increased by the amount given in ΔRIB,c in Table 6.12.4-2 for the applicable E-UTRA bands.

Table 6.12.4-2: ΔRIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-32A
	3
	0

	
	32
	0


6.12.5
MSD

For the analysis of the MSD the following is the feedback from filter vendors:

	
	Vendor A
	Vendor B1
	Vendor B2
	Vendor C1
	Vendor C2
	Vendor D

	Implementation choice
	Diplexer + B32 filter
	Triplexer at top of the antenna + B32 filter
	Pentaplexer with 1+3 and B32
	Separate antenna. Diplexed with B42 antenna
	Pentaplexer with 3+7 and B32
	Pentaplexer with 1+3 and B32

	Delta IL
	1.2dB (two cascaded diplexers)

[from B32 filter 1.6dBtyp,

2.2dB max]


	0.XdB

Only triplexer
	Not provided
	0.6dB
	No increase in relative IL since it is easy to couple B32 filter to existing 3+7 multiplexer
	B3Tx: 1.1 dB

B3Rx:0.85 dB

B32Rx:0.5 dB

	Isolation
	46dB@B3Tx
	Sufficient >55dB
	Not provided
	Sufficient >55dB
	sufficient
	49dB


From the above, the need for MSD needs to be studied further.

6.13
CA_7A-32A_BCS0

6.13.1
Operating bands for CA

Table 6.13.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_7-32
	7
	2500 MHz
	–
	2570 MHz
	10, 15, 20
	2620 MHz
	–
	2690 MHz
	10, 15, 20
	FDD

	
	32
	N/A
	N/A
	1452 MHz
	–
	1496 MHz
	5, 10, 15, 20
	


6.13.2

Channel bandwidths per operating band for CA

Table 6.13.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_7A-32A
	7
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	32
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.13.3
Co-existence studies

<Editor’s note: Text to be added>

6.13.4
ΔTIB,c and ΔRIB,c values

<Editor’s note: Text to be added>

6.14
CA_20A-32A_BCS1

6.14.1
Operating bands for CA

Table 6.14.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_20-32
	20
	832 MHz
	–
	862 MHz
	5,10, 15, 20
	791 MHz
	–
	821 MHz
	5, 10, 15, 20
	FDD

	
	32
	N/A
	N/A
	1452 MHz
	–
	1496 MHz
	5, 10, 15, 20
	


6.14.2

Channel bandwidths per operating band for CA

Table 6.14.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_20A-32A
	20
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	32
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.14.3
Co-existence studies

<Editor’s note: Text to be added>

6.14.4
ΔTIB,c and ΔRIB,c values

<Editor’s note: Text to be added>

6.15
CA_3A-21A_BCS0

6.15.1
Operating bands for CA

Table 6.15.1-1: Inter-band CA 

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_3-21
	3
	1710 MHz
	–
	1785 MHz
	5, 10, 15, 20 
	1805  MHz
	–
	1880  MHz
	5, 10, 15, 20
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	5,10, 15 
	1495.9  MHz
	–
	1510.9  MHz
	5, 10, 15
	


6.15.2

Channel bandwidths per operating band for CA

Table 6.15.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_3A-21A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	0

	
	21
	
	
	Yes
	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 [6] when operating in single carrier mode.

6.15.3
Co-existence studies

Based on table 6.15.3-1, it is concluded that there is no issue on harmonic interference for CA_3A-21A.

Table 6.15.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640

	21
	1447.9
	1462.9
	1495.9
	1510.9
	2895.8
	2925.8
	4343.7
	4388.7
	2991.8
	3021.8
	4487.7
	4532.7


Table 6.15.3-2: Band 3 and Band 21 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1805
	1880
	1495.9
	1510.9

	2nd order harmonics frequency range (MHz)
	3610
	3760
	2991.8
	3021.8

	3rd order harmonics frequency range (MHz)
	5415
	5640
	4487.7
	4532.7

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

	IMD frequency limits (MHz)
	294.1
	384.1
	3300.9
	3390.9

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

	IMD frequency limits (MHz)
	2099.1
	2264.1
	1111.8
	1216.8

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

	IMD frequency limits (MHz)
	5105.9
	5270.9
	4796.8
	4901.8

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

	IMD frequency limits (MHz)
	1790
	1895
	1475.9
	1530.9


It can be seen from Table 6.15.3-1 that the 2nd harmonics of BS transmitting in Band 3 may fall into the BS receive band of Band 43. It can be seen from table 6.15.3-2 that some 3rd IMD products caused by BS supporting carrier aggregation of Band 3 and Band 21 fall into the BS receive band of Bands 2, 25, 35 and 39 taking that the BS only transmits up to 20 MHz DL in Band 3 and up to 15 MHz DL in Band 21 as stated in Table 6.15.2-1 into account.

It should be noted that Bands 2, 25, 35 and 39 are not intended for use in the same geographical area as Band 21. Therefore, it is concluded that there is also no issue on intermodulation interference for CA_3A-21A.

6.15.4
ΔTIB and ΔRIB values

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.

Table 6.15.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-21A
	3
	0.8

	
	21
	0.9


Table 6.15.4-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_3A-21A
	3
	0.3

	
	21
	0.5


6.15.5
REFSENS requirements
TIB,c and RIB,c values shown in Table 6.15. 4-1 and 6.15.4-2 were derived from common triplexer characteristics in Table 6.15.5-1.

Table 6.15.5-1: Provided common triplexer characteristics at ETC

	
	B21
	B3
	B42

	Vendor1
	1.65
	1.35
	0.9

	Vendor2
	2
	2
	1


	Ave
	1.83
	1.68
	0.95


Note: isolation of 15dB between each port at ETC is guaranteed.
In addition, each duplexer data is shown in Table 6.15.5-2.
Table 6.15.5-2: Duplexer characteristics at ETC

	
	B3 DUP Tx-ANT@B21 Rx
	B21 DUP ANT-Rx@B3 Tx

	Vendor1
	40dB
	40dB

	Vendor2
	35dB
	40dB

	Vendor3
	35dB
	38dB

	Ave
	36.7dB
	39.3dB


From these tables, cross-isolation between B3 Tx and B21 Rx is 51.7 dB for Tx and 54.3 dB for Rx respectively. These values are sufficient to avoid the MSD for B21 Rx. Therefore, it is concluded that no MSD requirement is specified for 2DL/1UL CA_3A-21A.
6.16
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6.16.1
Operating bands for CA
Table 6.16.1-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_8-28
	8
	880 MHz
	–
	915 MHz
	3, 5, 10 
	925  MHz
	–
	960  MHz
	3, 5, 10
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15, 20
	758 MHz
	–
	803 MHz
	5, 10, 15, 20
	


6.16.2

Channel bandwidths per operating band for CA

Table 6.16.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_8A-28A
	8
	
	Yes
	Yes
	Yes
	
	
	0

	
	28
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.16.3
Co-existence studies
The harmonic relations of Band 8 and Band 28 are calculated as Table 6.16.3-1.  It can be concluded that no harmful fall down toward DL bands of interest is observed.

Table 6.16.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	1850
	1920
	2775
	2880

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	1516
	1606
	2109
	2244


Table 6.16.3-2: Band 8 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	925
	960

	2nd order harmonics frequency range (MHz)
	1516
	1606
	1850
	1920

	3rd order harmonics frequency range (MHz)
	2274
	2409
	2775
	2880

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	122
	202
	1683
	1763

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	556
	681
	1047
	1162

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	2441
	2566
	2608
	2723

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	723
	838
	880
	1005

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	748
	813
	905
	980


It can be seen from Table 6.16.3-2 that:

· the 2nd harmonics of BS transmitting in Bands 8 and 28 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39,
· the 3rd harmonics may fall into Band 30 and 40

· the 2nd IMD products may fall into the BS receive band of Bands 3, 4, 9,10 and 66  

· the 3rd IMD products may fall into the BS receive band of Bands 5, 6, 7, 8, 13, 14, 18, 19, 20, 26, 27, 28, 38, 41 44 and 68 

assuming (except the last row) the whole 35MHz DL frequency of Band 8 and the whole 45 MHz DL frequency of Band 28.
If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 28 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 18, 19, 20, 26,28 and 68 as shown in the last row in table 2.

In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall down next to Band 28 UL region, though not directly. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 28 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Similar analysis can be made for proximate fall down of Band 28 and it can be concluded that risk, if any, is limited to the case when a BS operates the lowest and the highest Band 28 at the same time.

It should be noted that Bands 2, 4, 10, 13, 14, 25, 30 and 66 are not intended for use in the same geographical area as Bands 8 and 28. In addition, co-existence between Band 28 and Band 44 is unlikely as Band 44 is TDD variant of APAC-700 spectrum then it could be expected that the deployment of Band 28 and 44 is mutually exclusive. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 and 41.
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  3, 7, 9, 27, 33, 35, 37, 38, 39, 40 and 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 28 BS transmitters do not share the same antenna with  Band  3, 7, 9, 27, 33, 35, 37, 38, 39, 40 and 41 BS receiver.

6.16.4
ΔTIB and ΔRIB values


Since this combination needs a quadplexer and difficulties are expected on the performance of the quadplexer, evaluation of filter performance is conducted and results from three vendors are obtained. It is assumed to use two quadplexers corresponding to upper/lower portions of B28 and all the vendors assume to use TC(Temperature Compensated)-SAW technology in Band 8 filter. The additional insertion losses and their average values are summarized in the table below.

Table 6.16.4-1: Additional IL values for Band 8 + 28 quadplexers (under ETC)
	E-UTRA bands
	Vendor A
IL (dB)
	Vendor B
IL (dB)
	Vendor C
IL (dB)
	Average 

IL (dB) 

	8 Tx
	1.2
	0.9
	0.7
	0.93

	8 Rx
	1.4
	0.9
	0.6
	0.97

	28A Tx
	0.4
	0.6
	0.6
	0.53

	28A Rx
	0.9
	1.0
	0.5
	0.8

	28B Tx
	0.6
	1.0
	0.6
	0.73

	28B Rx
	0.7
	1.0
	0.4
	0.7


In addition, Band 28 assumes twin duplexers which cover lower and upper 30MHz. This implies that two quadplexers are needed to support the whole B28, i.e. B8+B28A and B8+B28B (note that postscript A, B here do not imply CA class) and this requires a switch in front of Band 8 Tx and Rx to select two quadplexers. However, due to recent trend of sharing PA or LNA among different bands to reduce footprint or a number of parts, such switches are typically implemented regardless of CA support and it is likely to reuse the switches to select the relevant quadplexers. Thus, the insertion loss for the switches can be eliminated from (TIB,c and (RIB calculation.

Since B28 performance is defined as a unified form, Tx IL of 0.73dB and Rx IL of 0.8dB are used for the calculation and the formulas below are used to obtain (TIB,c and (RIB aiming at in the middle of past practices.

∆TIB = (Average Tx)/2 + 0.1

∆RIB = (Average Rx – 0.6)/2 

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.16.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-28A
	8
	0.6

	
	28
	0.5

	NOTE:
Only applicable for UE supporting inter-band carrier aggregation with the uplink active in Band 8.


Table 6.16.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_8A-28A
	8
	0.2

	
	28
	0.1

	NOTE:
Only applicable for UE supporting inter-band carrier aggregation with the uplink active in Band 8


6.16.5
REFSENS requirements
<Void.>
6.16.6
Blocking requirements
<Void.>
6.16.7
Antenna related issues and Pcell limitation

During the course of discussion, it was pointed out that antenna performance of low-band could be a problem for this CA. In short, a current low-band (700MHz - 1GHz) antenna in general is impossible to cover the whole band and an antenna tuner is employed for single band operation to obtain rational performance for each band. However in CA, simultaneous reception of two bands is required so this technique does not always work properly. The situation becomes harsh for this CA since this CA combines the lowest and the highest ones of low-band. 

While it is largely up to antenna implementation and out of scope of 3GPP standard at the time of writing, this issue was discussed extensively. As a result, two possible implementations should be assumed in UE side as (1) tune to Pcell and compromise Scell performance or (2) tune in the middle of Pcell and Scell to seek for balanced degradation. As preliminary values, the loss of antenna gain is expected in 4-7dB for Scell (in case of B8 Pcell) in (1) and 3-4dB for both bands in (2).
To make both happen, it was concluded that Pcell be limited to Band 8 at least for the time being since in (1) B28 in Pcell could not expect good performance due to form-factor limitation while (2) is relatively insensitive to which band to be Pcell. An eNodeB is then requested to consider both implementations.

Since this decision largely depends on current antenna implementation, this would be revisited when the situation is changed. 
6.17
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6.17.1
Operating bands for CA
Table 6.17.1-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_11-41
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
	1475.9  MHz
	–
	1495.9  MHz
	5, 10
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	5, 10, 15, 20
	2496 MHz
	–
	2690 MHz
	5, 10, 15, 20
	TDD


6.17.2

Channel bandwidths per operating band for CA

Table 6.17.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_11A-41A
	11
	
	
	Yes
	Yes
	
	
	0

	
	41
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.17.3
Co-existence studies
The harmonic relations of Band 11 and Band 41 are calculated as Table 6.17.3-1.  It can be concluded that no harmful fall down toward DL bands of interest is observed.

Table 6.17.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	41
	2496
	2690
	2496
	2690
	4992
	5380
	7488
	8070
	4992
	5380
	7488
	8070


Table 6.17.3-2: Band 11 and Band 41 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	2496
	2690

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	4992
	5380

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	7488
	8070

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	1000.1
	1214.1
	3971.9
	4185.9

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	261.8
	495.8
	3496.1
	3904.1

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	5447.8
	5681.8
	6467.9
	6875.9

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1281.9
	1689.9
	2476
	2710

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1455.9
	1515.9
	2486
	2700


It can be seen from Table 6.17.3-2 that:

· the 2nd harmonics of BS transmitting in Bands 11 and 41 may fall into the BS receive band of Band 46,
· the 3rd harmonics may fall into none of BS receive band of 3GPP

· the 2nd IMD products may fall into none of BS receive band of 3GPP  

· the 3rd IMD products may fall into the BS receive band of Bands 7, 11, 21, 24, 31, 38, 41, 42 43 and 46 

assuming (except the last row) the whole 20MHz DL frequency of Band 11 and the whole 194 MHz DL frequency of Band 41.
If the BS is only transmitting up to 10 MHz DL in Band 11 and 20MHz DL in Band 41 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 11 and 24 as shown in the last row in Table 6.17.3-2. In addition, at the time of writing, B46 is not assumed to support UL transmission.
It should be noted that, at the time of writing, Bands 7, 31, 38 and 43 are not intended for use in the same geographical area as Bands 11 and 41. In addition, TDD BS does not transmit and receive simultaneously in a single band, the BS’s own Band 41 receiver and other synchronized Band 41 receivers would not be interfered. Therefore, the focus here will be on the harmonics and IMD falling into Bands 21 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 21 or 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 11 and 41 BS transmitters do not share the same antenna with Band 21 or 42 BS receiver.
6.17.4
ΔTIB and ΔRIB values

(1) FDD-TDD CA needs filter study and we got feedbacks from filter vendors on RF filter configuration and performance for B11+B41 CA. Their responses are:

(2) diplexer + duplexer approach (not quadplexer) is likely due to large separation between two bands of interest,

(3) harmful performance of Band 41 filter does not reach Band 11 region and,

(4) additional ILs for the diplexer (under ETC/Worst) are as below:


Table 6.17.4-1:  Additional IL of diplexer for CA_11-41
	
	Vendor A
	Vendor B
	Vendor C
	Average

	B11 IL
	0.5dB
	0.55dB
	0.5dB
	0.52dB

	B41 IL
	0.8dB
	0.4dB
	0.5dB
	0.57dB


For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.17.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-41A
	11
	0.3

	
	41
	0.3


Table 6.17.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_11A-41A
	11
	0

	
	41
	0


6.18
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6.18.1
Operating bands for CA
Table 6.18.1-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_11-42
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
	1475.9  MHz
	–
	1495.9  MHz
	5, 10
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


6.18.2

Channel bandwidths per operating band for CA

Table 6.18.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_11A-42A
	11
	
	
	Yes
	Yes
	
	
	0

	
	42
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.18.3
Co-existence studies
The harmonic relations of Band 11 and Band 42 are calculated as Table 6.18.3-1.  It can be concluded that no harmful fall down toward DL bands of interest is observed.

Table 6.18.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	6800
	7200
	10200
	10800


Table 6.18.3-2: Band 11 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	3400
	3600

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	6800
	7200

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	10200
	10800

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	1904.1
	2124.1
	4875.9
	5095.9

	3rd order IMD products
	|f2_low – 2*f1_high|
	|f2_high – 2*f1_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	408.2
	648.2
	5304.1
	5724.1

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	6351.8
	6591.8
	8275.9
	8695.9

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	1275.9
	1695.9
	3380
	3620

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1455.9
	1515.9
	3390
	3610


It can be seen from Table 6.18.3-2 that:

· the 2nd harmonics of BS transmitting in Bands 11 and 42 may fall into none of the BS receive band of 3GPP,
· the 3rd harmonics may fall into none of BS receive band of 3GPP,

· the 2nd IMD products may fall into BS receive band of Bands 1, 2, 23, 25, 33, 34, 35, 36, 37, 39 and 65,    

· the 3rd IMD products may fall into the BS receive band of Bands 11, 21, 22, 24, 31, 42, 43, 45 and 46, 

assuming (except the last row) the whole 20MHz DL frequency of Band 11 and the whole 200 MHz DL frequency of Band 42.
If the BS is only transmitting up to 10 MHz DL in Band 11 and 20MHz DL in Band 42 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 11 and 24 as shown in the last row in table 4. In addition, at the time of writing, B46 is not assumed to support UL transmission.
It should be noted that, at the time of writing, Bands 2, 22, 23, 25, 31, 33, 35, 36, 37, 39, 43, 45 and 65 are not intended for use in the same geographical area as Bands 11 and 42. In addition, TDD BS does not transmit and receive simultaneously in a single band, the BS’s own Band 42 receiver and other synchronized Band 42 receivers would not be interfered. Therefore, the focus here will be on the harmonics and IMD falling into Bands 1, 21 and 34.
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 1, 21 or 34 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 11 and 42 BS transmitters do not share the same antenna with Band 1, 21 or 34 BS receiver.
6.18.4
ΔTIB and ΔRIB values

Concerning CA of a mid-band and a very high-band, assuming “extended Low-High” common diplexer which covers 1.5GHz as a part of high band range, the RF configuration is identical to H-VH architecture. Thus default values can be used for VH portion while the extended Low-High diplexer requires 0.1dB additional relaxation to ∆TIB in Band 11.

For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.18.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-42A
	11
	0.4

	
	42
	0.8


Table 6.18.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_11A-42A
	11
	0

	
	42
	0.5


6.19 CA_3A-46A_BCS1

6.19.1 Operating bands for CA
Table 6.19.1-1: 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_3-46
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	46
	N/A
	5150 MHz
	–
	5925 MHz
	TDD


6.19.2
Channel bandwidths per operating band for CA
Table 6.19.2-1: Supported E-UTRA bandwidths per CA configuration for 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_3A-46A 
	3
	
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	46
	
	
	
	Yes
	
	Yes
	
	






6.19.3  Co-existence studies
Table 6.19.3-1 summarizes frequency ranges where harmonics occur due to Band 3 or Band 46 for UE. It can be concluded that there is an issue on 3rd harmonic interference from Band 3 UL to Band 46 receiver.
Table 6.19.3-1: Impact of UL and DL Harmonic Interference for UE
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640

	46
	N/A
	5150
	5925
	N/A
	N/A
	10300
	11850
	15450
	17775


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 3 and Band 46 DL carriers can be calculated as shown in table 6.19.3-2 below:

Table 6.19.3-2: Band 3 and Band 46 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1805
	1880
	5150
	5925

	2nd order harmonics frequency range (MHz)
	3610
	3760
	10300
	11850

	3rd order harmonics frequency range (MHz)
	5415
	5640
	15450
	17775

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	3270
	4120
	6955
	7805

	3rd order IMD products
	(f2_low -2*f1_high)
	(f2_high -2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	1390
	2315
	8420
	10045

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

	IMD frequency limits (MHz)
	8760
	9685
	12105
	13730

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1030
	2655
	5075
	6000

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1785
	1900
	5130
	5945


It can be seen from table 6.19.3-2 that:

· the 2nd harmonics products may fall into the BS receive band of Band 43.
· the 2nd IMD products may fall into the BS receive band of Bands 22, 42 and 43. 

· the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 3, 4, 7, 9, 10, 11, 21, 23, 24, 25 30, 33, 34, 35, 36, 37, 38, 39, 40, 41, 65 and 66.
assuming (except the last row) the whole 75 MHz DL frequency of Band 3 and the whole 775 MHz DL frequency of Band 46.

If the BS is transmitting with Max bandwidth of 20 MHz DL in Band 3 and 20MHz DL in Band 46 as stated in the WID, then the 3rd IMD products will still fall into same BS receive band of Bands 1, 2, 3, 4, 9, 10, 11, 21, 23, 24, 25 30, 33, 34, 35, 36, 37, 39, 40, 65 and 66.
In addition, it should be noted that Bands 10, 11, 21, 23, 24, 25, 30, 33, 34, 35, 36 and 37 are not intended for use in the same geographical area (country) as Bands 3 and 46. This leaves Bands 1, 2, 3, 4, 9, 22, 39, 40, 42, 43, 65 and 66 to consider for IMD products.
It is recommended that Bands 3 and 46 BS transmitters do not share the same antenna with band of Bands 1, 2, 3, 4, 9, 22, 39, 40, 42, 43, 65 and 66 BS receivers so that the antenna PIM will not cause Bands 1, 2, 3, 4, 9, 22, 39, 40, 42, 43, 65 and 66 BS receiver desensitization.
6.19.4
 ΔTIB,c and ΔRIB,c values

For the UE which supports CA_3A-46A the ΔTIB,c and ΔRIB,c  is defined for applicable bands in Table 6.19.4-1 and 6.19.4-2 respectively assuming separate antenna architecture without HTF:
Table 6.19.4-1: ΔTIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-46A
	3
	0


Table 6.19.4-2: ΔRIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3A-46A
	3
	0


6.19.5
REFSENS requirements
The corresponding MSD requirement for Band 46 in this combination is not specified. 
6.20
CA_7A-46A_BCS1
6.20.1 Operating bands for CA
Table 6.20.1-1: 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_7-46
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	46
	N/A
	5150 MHz
	–
	5925 MHz
	TDD


6.20.2
Channel bandwidths per operating band for CA
Table 6.20.2-1: Supported E-UTRA bandwidths per CA configuration for 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_7A-46A 
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	46
	
	
	
	Yes
	
	Yes
	
	






6.20.3  Co-existence studies
Table 6.20.3-1 summarizes frequency ranges where harmonics occur due to Band 7 or Band 46 for UE. It can be concluded that there is no harmonic issue in this combination for UE.
Table 6.20.3-1: Impact of UL and DL Harmonic Interference for UE
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	7
	2500
	2570
	2620
	2690
	5000
	5140
	7500
	7710
	5240
	5380
	7860
	8070

	46
	N/A
	5150
	5925
	N/A
	N/A
	10300
	11850
	15450
	17775


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 7 and Band 46 DL carriers can be calculated as shown in table 6.20.3-2 below:

Table 6.20.3-2: Band 7 and Band 46 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2620
	2690
	5150
	5925

	2nd order harmonics frequency range (MHz)
	5240
	5380
	10300
	11850

	3rd order harmonics frequency range (MHz)
	7860
	8070
	15450
	17775

	2nd order IMD products
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	2460
	3305
	7770
	8615

	3rd order IMD products
	 (2*f1_high- f2_low)
	(f2_high -2*f1_low)
	(2*f2_low – f1_high)
	(2*f2_high – f1_low)

	IMD frequency limits (MHz)
	230
	685
	7610
	9230

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

	IMD frequency limits (MHz)
	10390
	11305
	12920
	14540

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1845
	3465
	5080
	5995

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	2600
	2710
	5130
	5945


It can be seen from table 6.20.3-2 that:

· the 2nd IMD products may fall into the BS receive band of Bands 7, 38 and 41.
· the 3rd IMD products may fall into the BS receive band of Bands 1, 2, 7, 22, 23, 25, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 and 65.
assuming (except the last row) the whole 70 MHz DL frequency of Band 7 and the whole 775 MHz DL frequency of Band 46.

If the BS is transmitting with Max bandwidth of 20 MHz DL in Band 3 and 20MHz DL in Band 46 as stated in the WID, then the 3rd IMD products will still fall into same BS receive band of Bands 31, 38 and 41.

In addition, it should be noted that Bands 7, 31, 38 and 41 are possible intended for use in the same geographical area (country) as Bands 7 and 46. Therefore the Bands 7, 31, 38 and 41 shall be considered for IMD products.
It is recommended that Bands 7 and 46 BS transmitters do not share the same antenna with band of Bands 7, 31, 38 and 41 BS receivers so that the antenna PIM will not cause Bands 7, 31, 38 and 41 BS receiver desensitization.
6.20.4
 ΔTIB,c and ΔRIB,c values

For the UE which supports CA_7A-46A the ΔTIB,c and ΔRIB,c  is defined for applicable bands in Table 6.20.4-1 and 6.20.4-2 respectively assuming separate antenna architecture.
Table 6.20.4-1: ΔTIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-46A
	7
	0


Table 6.20.4-2: ΔRIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7A-46A
	7
	0


6.21
CA_11A-46A_BCS0
6.21.1
Operating bands for CA
Table 6.21.1-1: Inter-band CA
	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_11-46
	11
	1427.9 MHz
	–
	1447.9 MHz
	1475.9 MHz
	–
	1495.9 MHz
	FDD

	
	46
	N/A
	5150 MHz
	–
	5925 MHz
	TDD


6.21.2 Channel bandwidths per operating band for CA
Table 6.21.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	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_11A-46A
	11
	
	
	Yes
	Yes
	
	
	30
	0

	
	46
	
	
	
	
	
	Yes
	
	


6.21.3 Co-existence studies for CA_11-46
The harmonic frequencies are observed in table 6.21.3-1. Therefore we can conclude that there is an issue on 5th harmonic interference from Band 11 UL to Band 46 DL. It was agreed not to apply HTF for this CA combination. How to treat MSD requirements is FFS.
Table 6.21.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

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

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	46
	N/A
	N/A
	5150
	5925
	N/A
	N/A
	N/A
	N/A
	10300
	11850
	15450
	17775


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 11 and Band 46 DL carriers can be calculated as shown in table 6.21.3-2 below:
Table 6.21.3-2 Band 11 and Band 46 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1475.9
	1495.9
	5150
	5925

	2nd order harmonics frequency range (MHz)
	2951.8
	2991.8
	10300
	11850

	3rd order harmonics frequency range (MHz)
	4427.7
	4487.7
	15450
	17775

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

	IMD frequency limits (MHz)
	3654.1
	4449.1
	6625.9
	7420.9

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

	IMD frequency limits (MHz)
	2973.2
	2158.2
	8804.1
	10374.1

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

	IMD frequency limits (MHz)
	8101.8
	8916.8
	11775.9
	13345.9

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	700.9
	2270.9
	5130
	5945

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	1455.9
	1515.9
	5140
	5935


It can be seen from table 6.21.3-2 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 11 and Band 46 fall into the BS receive band of Band 43, while some 3rd IMD products fall into the BS receive band of Bands 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 30, 33, 34, 35, 36, 37, 38, 39, 40, 41, 44, 45, 65, 66 and 68. Note that the calculation in table 6.4.21.1.2-2 (except the last row) assumes the BS transmits the whole 20 and 775 MHz DL frequency of Band 3 and Band 46 respectively.
If the BS only transmits up to 10MHz and 20 MHz DL in Band 11 and Band 46 respectively as stated in Table 6.21.2-1, the 3rd IMD products may still fall into the BS receive band of the Bands 7, 21, 30, 38, 40, 41 and 45 as shown in the last row in table 6.21.3-2.
Considering spectrum allocation in each ITU region, Band 11 has been operated only in Japan so far.  Hence, coexistence with Band 7, 30, 38, 40, 43 and 45 could be out of scope.

Therefore, it is recommended that Bands 11 and 46 BS transmitters should not share the same antenna, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause the BS receiver desensitisations in Band 21 and 41.
6.21.4
ΔTIB,c and ΔRIB,c values

For the UE which supports CA_11A-46A the ΔTIB,c and ΔRIB,c are defined for applicable bands in Table 6.21.4-1 and 6.21.4-2 respectively.

Table 6.21.4-1: ΔTIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-46A
	11
	0


Table 6.21.4-2: ΔRIB,c for 2DL aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_11A-46A
	11
	0


6.21.5
REFSENS requirements
The corresponding MSD requirement for Band 46 in this combination is FSS
6.21
CA_11A-28A_BCS0

6.22.1
Operating bands for CA
Table 6.22.1-1: Inter-band CA 
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_11-28
	11
	1427.9 MHz
	–
	1447.9 MHz
	5, 10 
	1475.9  MHz
	–
	1495.9  MHz
	5, 10
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15, 20
	758 MHz
	–
	803 MHz
	5, 10, 15, 20
	TDD


6.22.2

Channel bandwidths per operating band for CA

Table 6.22.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

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

	CA_11A-28A
	11
	
	
	Yes
	Yes
	
	
	0

	
	28
	
	
	Yes
	Yes
	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 [6] when operating in single carrier mode.

6.22.3
Co-existence studies
The harmonic relations of Band 11 and Band 28 are calculated as Table 6.22.3-1. It is observed that the 2nd harmonic of Band 28 Tx will cover the whole receiving band of Band 11.

Table 6.22.3-1: Impact of UL Harmonic Interference

	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd  Harmonic

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

	11
	1427.9
	1447.9
	1475.9
	1495.9
	2855.8
	2895.8
	4283.7
	4343.7
	2951.8
	2991.8
	4427.7
	4487.7

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	1516
	1606
	2274
	2409


Table 6.22.3-2: Band 11 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	1475.9
	1495.9

	2nd order harmonics frequency range (MHz)
	1516
	1606
	2951.8
	2991.8

	3rd order harmonics frequency range (MHz)
	2274
	2409
	4427.7
	4487.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	672.9
	737.9
	2233.9
	2298.9

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	20.1
	130.1
	2148.8
	2233.8

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	2991.9
	3101.9
	3709.8
	3794.8

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	738
	823
	1430.9
	1540.9

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	748
	813
	1455.9
	1515.9


It can be seen from Table 6.22.3-2 that:

· the 2nd harmonics of BS transmitting in Bands 11 and 28 may fall into none of the BS receive band of 3GPP

· the 3rd harmonics may fall into BS receive band of Bands 30 and 40

· the 2nd IMD products may fall into BS receive band of Bands 12, 17, 28, 44 and 68  

· the 3rd IMD products may fall into the BS receive band of Bands 11, 13, 14, 18, 21, 26, 27, 28, 43, 44 and 45, 

assuming (except the last row) the whole 20MHz DL frequency of Band 11 and the whole 45 MHz DL frequency of Band 28.
If the BS is only transmitting up to 10 MHz DL in Band 11 and 20MHz DL in Band 28 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 11, 18, 26 and 28 as shown in the last row in table 4. (Note that even so, Band 28 is still subject to 2nd IMD fall down.)

It should be noted that Bands 12, 13, 14, 17, 27, 30, 40, 43 and 45 are not intended for use in the same geographical area as Bands 11 and 28. In addition, co-existence between Band 28 and Band 44 is unlikely as Band 44 is TDD variant of APAC-700 spectrum then it could be expected that the deployment of Band 28 and 44 is mutually exclusive. Therefore, the focus here will be on the harmonics and IMD falling into Bands 21 and 28.
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 21 or 28 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 11 and 28 BS transmitters do not share the same antenna with Band 21 or 28 BS receiver.
.
6.22.4
ΔTIB and ΔRIB values

Concerning CA of a mid-band and a low-band, default values of ∆TIB=0.3dB and ∆RIB=0dB were agreed as a framework but conventionally for CA including B11 and B21, ∆TIB=0.4dB has been proposed/accepted for mid-band to accommodate “extended Low-High” diplexer. In addition, a harmonic trap filter (HTF) is assumed in Band 28 path that introduces additional relaxation of 0.3dB for Tx and 0.2dB for Rx. Note that when HTF is not used, these values in Band 28 should not be added.
For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.22.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_11A-28A
	11
	0.4

	
	28
	0.6/0.31

	Note 1: Applicable only when HTF is not used.


Table 6.22.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_11A-28A
	11
	0

	
	28
	0.2/01

	Note 1: Applicable only when HTF is not used.


As pointed out in section 3, there is a harmonic relation for the 2nd harmonic of Band 28 Tx falling down to Band 11 Rx. Thus, we need to evaluate MSD in Band 11 when Band 28 is used as Pcell.

[REFSENS exception tables to be added]

6.23
CA_46A-66A_BCS0
6.23.1
Operating bands for CA
Table 6.23.1-1: 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_46-66
	46
	N/A
	5150 MHz
	–
	5925 MHz
	TDD

	
	66
	1710 MHz
	–
	1780 MHz
	 2110 MHz
	–
	2200 MHz
	FDD


6.23.2
Channel bandwidths per operating band for CA
Table 6.23.2-1: E-UTRA CA configurations and bandwidth sets defined for CA_2DL_46A-66A_1UL_BCS0
	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_46A_66A
	46
	
	
	
	
	
	Yes
	40
	0

	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.23.3
Co-existence studies
The harmonic frequencies are observed in table 6.23.3-1. Therefore we can conclude that there is an issue on 3rd harmonic interference from Band 66 UL to Band 46 DL. MSD value without HTF is provided in 6.23.5.
Table 6.23.3-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

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

	46
	
	
	5150
	5925
	
	
	
	
	10300
	11850
	15450
	17775

	66
	1710
	1780
	2110
	2200
	3420
	3560
	5130
	5340
	4220
	4400
	6330
	6600


The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 66 and Band 46 DL carriers can be calculated as shown in table 6.23.3-2 below:
Table 6.23.3-2 Band 66 and Band 46 DL harmonics and IMD products
	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2200
	5150
	5925

	2nd order harmonics frequency range (MHz)
	4220
	4400
	10300
	11850

	3rd order harmonics frequency range (MHz)
	6330
	6600
	15450
	17775

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

	IMD frequency limits (MHz)
	2950
	3815
	7260
	8125

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

	IMD frequency limits (MHz)
	750
	1705
	8100
	9740

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

	IMD frequency limits (MHz)
	9370
	10325
	12410
	14050

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	IMD frequency limits (MHz)
	1335
	2975
	5060
	6015

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	2090
	2220
	5130
	5945


It can be seen from table 6.23.3-2 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 66 and Band 46 fall into the BS receive band of Bands 22, 42 and 43, while some 3rd IMD products fall into the BS receive band of Bands 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 23, 24, 25, 26, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 41, 44, 45,, 65 and 66. Note that the calculation in table 6.23.3-2 (except the last row) assumes the BS transmits the whole 90 and 775 MHz DL frequency of Band 66 and Band 46 respectively.
If the BS only transmits up to 20MHz and 20 MHz DL in Band 66 and Band 46 respectively as stated in Table 6.23.2-1, the 3rd IMD products may still fall into the BS receive band of the Bands 5, 6, 8, 11, 13, 14, 18, 19, 20, 21, 24, 26, 27, 44, 45 as shown in the last row in table 6.23.3-2.
The following Bands 6, 8, 11, 18, 19, 20, 21, 44 and 45 are not used in the same region, therefore, it is recommended that Bands 66 and 46 BS transmitters should not share the same antenna, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause the BS receiver desensitisations in Band 5, 13, 14, 24, 26, and 27.
6.23.4
∆TIB value
For this combination, the (TIB,c value is shown in table 6.23.4-1 assuming separate antenna architecture without HTF:
Table 6.23.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_46A-66A
	66
	0


6.23.5
REFSENS requirements
The refsens is specified in the following:Table 6.23.5-1: Reference sensitivity QPSK PREFSENS
	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_46A-66A1
	46
	
	
	
	
	
	-90
	TDD

	
	66
	
	
	-99.5
	-96.5
	-94.7
	-93.5
	FDD

	NOTE 1: The requirements do not apply when there is at least one individual RE within the uplink transmission bandwidth of the lower band for which the transmitter harmonic is within the downlink transmission bandwidth of the higher band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = [15] MHz for CA_xA-46A (x=1, 2, 3, and 4) and for CA_46A-66A for 3rd harmonic. FFS MHz for the other configuations listed.


Table 6.23.5-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	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_46A-66A
	66
	
	
	25 
	50 
	75 
	100 
	FDD


MSD value without the harmonic trap filter is provided by companies in the following:
	Tdoc
	Source
	MSD [dB]
	Number of UL RB in lower band
	Note

	R4-164204
	Qualcomm
	22.3
	100
	Separate antenna w/o HTF


6.24
CA_5A-46A_BCS0

6.24.1 Operating bands for CA

Table 6.24.1-1: 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_5-46
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	46
	N/A
	5150 MHz
	–
	5925 MHz
	TDD


6.24.2
Channel bandwidths per operating band for CA

Table 6.24.2-1: Supported E-UTRA bandwidths per CA configuration for 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_5A-46A 
	5
	
	
	Yes
	Yes
	
	
	30
	0

	
	46
	
	
	
	
	
	Yes
	
	


6.24.3  Co-existence studies
6.24.3.1   For the BS

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 5 and Band 46 DL carriers can be calculated as shown in table 6.24.3.1-1 below:
Table 6.24.3.1-1: Band 5 and Band 46 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	869
	894
	5150
	5925

	2nd order harmonics frequency range (MHz)
	1738
	1788
	10300
	11850

	3rd order harmonics frequency range (MHz)
	2607
	2682
	15450
	17775

	Two-tone 2nd order IMD products
	|(f2_low – f1_high)|
	|(f2_high – f1_low)|
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	4256
	5056
	6019
	6819

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

	IMD frequency limits (MHz)
	4187
	3362
	9406
	10981

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

	IMD frequency limits (MHz)
	6888
	7713
	11169
	12744

	Three-tone 3rd order IMD products
	|(f1_low – f2_high + f2_low)|
	|(f1_high + f2_high – f2_low)|
	|(f2_low – f1_high + f1_low)|
	|(f2_high + f1_high – f1_low)|

	IMD frequency limits (MHz)
	94
	1669
	5125
	5950

	Three-tone 3rd order IMD products (with maximum channel bandwidth)
	|(f1_low – f2_BWmax)|
	(f1_high + f2_BWmax)
	|(f2_low – f1_BWmax)|
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	849
	914
	5140
	5935


It can be seen from table 6.24.3.1-1 that:
· some 2nd order harmonics may fall into the BS receive band of Band 3, 4, 9, 10 and 66.
· some 3rd order harmonics may fall into the BS receive band of Band 38 and 41.
· some two-tone 3rd order IMD products may fall into the BS receive band of Band 22, 42 and 43.
· some three-tone 3rd order IMD products may fall into the BS receive band of Band 8, 20 where the BS only transmits up to 10MHz and 20MHz DL in Band5 and Band46 respectively,
It is recommended that Band 5 and 46 BS transmitters do not share the same antenna with Band 3, 4, 8, 9, 10, 20, 22, 38, 41, 42, 43 and 66 BS receivers unless the antenna path meets very stringent third order PIM specification so that the antenna PIM will not cause Band 3, 4, 8, 9, 10, 20, 22, 38, 41, 42, 43 and 66 BS receiver desensitization.

6.24.3.2   For the UE

Table 6.24.3.2-1 summarizes frequency ranges where harmonics occur due to Band 5 or Band 46 for UE. For 7th harmonics, MSD analysis is provided in 6.24.5. For other harmonics, it can be concluded that there is no harmonic issue in this combination for UE.
Table 6.24.3.2-1: Impact of UL and DL Harmonic Interference for UE
	
	
	
	
	
	7th 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

	5
	824
	849
	869
	894
	5768
	5943

	46
	N/A
	5150
	5925
	N/A


6.24.4
 ΔTIB,c and ΔRIB,c values

For the UE which supports CA_5A-46A the ΔTIB,c is defined for applicable bands in Table 6.24.4-1 assuming separate antenna architecture. The ΔRIB,c is not specified as it is considered already in REFSENS requirements for this combination.

Table 6.24.4-1: ΔTIB,c for 2DL aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_5A-46A
	5
	0


6.24.5
 REFSENS requirements

MSD values provided by each company, reference sensitivity and Uplink configuration for reference sensitivity are provided following tables.

	Tdoc
	Source
	MSD [dB]
	Note

	R4-163694
	LGE
	[17.26]
	Separate antenna w/o HTF

	R4-164204
	Qualcomm
	4.7
	Separate antenna w/o HTF

	R4-164258
	Mediatek
	3.2
	Separate antenna w/o HTF


Table 6.24.5-1: Reference sensitivity QPSK PREFSENS
	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_5A-46A1
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	NOTE 1: It is FFS whether the requirements do not apply when there is at least one individual RE within the uplink transmission bandwidth of the lower band for which the 7th transmitter harmonic is within the downlink transmission bandwidth of the higher band and a range FHD above and below the edge of this downlink transmission bandwidth.


Table 6.24.5-2: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	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_5A-46A1
	5
	
	
	25 
	25
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.


6.25 Reserved
6.26

CA_7A-66A_BCS0
6.26.1
Operating bands for CA
Table 6.26.1-1: Inter-band CA
	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_7-66
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	


6.26.2
Channel bandwidths per operating band for CA
Table 6.26.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	E-UTRA band / channel bandwidth

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

	CA_7A-66A
	7
	
	
	Yes
	Yes
	Yes
	Yes

	
	66
	
	
	Yes
	Yes
	Yes
	Yes


6.26.3
Co-existence studies
Table 6.26.3-1 includes the 2nd and 3rd order harmonic products for band 7 + band 66 CA with 1 UL. Table 6.26.3-2 shows the 2nd and 3rd order harmonics and IMD products identified for Band 7 and Band 66 DL:

Table 6.26.3-1: Band 4 and Band 7 UL harmonics products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1780
	2500
	2570

	2nd harmonics frequency limits (MHz)
	3420
	3560
	5000
	5140

	3rd harmonics frequency limits (MHz)
	5130
	5345
	7500
	7710


Table 6.26.3-2: Band 7 and Band 66 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2200
	2620
	2690

	2nd harmonics frequency limits (MHz)
	4220
	4400
	5240
	5380

	3rd harmonics frequency limits (MHz)
	6330
	6600
	7860
	8070

	2nd order IMD products
	(f2_low – f1_low) / f2_low – f1_high
	(f2_high – f1_ low) / (f2_high – f1_ high)
	(f2_low + f1_low) / f2_low + f1_ high)
	(f2_high + f1_low) / f2_high + f1_high)

	MD frequency limits (MHz)
	510 / 420
	580 / 490
	4730 / 4820
	 4800 / 4890

	2nd order IMD frequency range (MHz)
	420-580
	4730-4890

	3rd order IMD products
	(2*f1_low – f2_low)/
(2*f1_low – f2_high)
	(2*f1_high – f2_low) /
(2* f1_high – f2_high)
	(2*f2_low – f1_low) /
2*f2_low – f1_high)
	(2*f2_high – f1_low) /
2*f2_high – f1_high)

	IMD frequency limits (MHz)
	1600 / 1530
	1780 / 1710
	3130 / 3040
	3270 /3180

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

	IMD frequency limits (MHz)
	6840 / 6910
	7020 / 7090
	7350 / 7440
	7490 / 7580 

	3rd order IMD frequency range (MHz)
	1530 – 1780

6840 - 7090
	3040 – 3270

7350 - 7580


With reference to the above tables, it can be seen that there are 3rd order IMD product falling within the receive band of Band 38 and 41. 2nd harmonics from the UE can fall into Band 22 and Band 42. However, it can be assumed that the harmonics will be attenuated by the duplex filter. It can be concluded that there is no issue on harmonic interference.
6.26.4
∆TIB and ∆RIB values
Deriving ΔTIB,c and ΔRIB,c values for Band (7 + 66) we assume that the minimum performance for Band 7 and Band 66 is the same as that for these bands in the 3DL-combination Band (2 + 7 + 66) implemented by a hexplexer in FBAR technology as described in TR 36.714-03-01. It is likely that a UE supporting Band (7 + 66) also supports Band 2 so use of a hexplexer would reduce component count even if only 2DL combinations are supported.

Suggested values for ΔTIB,c can be:

	7
	0.5

	66
	0.5


Suggested values for ΔRIB,c can be 

	7
	0

	66
	0.3


However other technologies than FBAR might need to be considered further before values agreed. The requirements in Table 6.26.4-1 and Table 6.26.4-2 are thus left TBD until further investigation is made.

Table 6.26.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_7A-66A
	7
	TBD

	
	66
	TBD


Table 6.26.4-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_7A-66A
	7
	TBD

	
	66
	TBD
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