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1. Introduction

The revised basket 3DL/1UL inter-band WI proposal including support of the LTE Advanced Carrier Aggregation (3DL/1UL) of Band 7, Band 7 and Band 8 combination was approved during RAN#71[1]. In this revised basket WI, two bandwidth combination sets of the new Carrier Aggregation combination between non-contiguous intra-band band 7 and inter-band CA band 7 + band 8 are introduced.
The impacts of harmonics and intermodulation products generated by the BS supporting the 2DL/1UL permutations of this band combination were already investigated in previous RAN4 meetings [2][3]. In this contribution, we investigate the BS coexistence issue of harmonics and intermodulation products generated by the LTE-A BS supporting 3DL CA of this band combination, and provide the corresponding text proposal to TR 36.714-03-01 in section 5.
2. Discussion 
The E-UTRA frequency bands specified in TS 36.104 is provided in Table 1, where the UL and DL frequencies of Band 7 and Band 8 are highlighted. The E-UTRA frequency Band 7 is operating at 2500 – 2570 MHz for UL and 2620 – 2690 MHz for DL, and Band 8 is operating at 880 – 915 MHz for UL and 925 – 960 MHz for DL. Since the DL harmonics and intermodulation studies of intra-band band 7 and inter-band CA band 7 + band 8 were already investigated [2][3], we calculated the 3rd order IMD products generated by BS transmitting 3DL CA at Band 7, Band 7  and Band 8, which are shown in Table 2 below.
Table 1: E-UTRA frequency bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910 MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	6
(NOTE 1)
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz 
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915  MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz 
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD
(NOTE 2)

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	FDD

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	FDD

	32
	N/A
	1452 MHz
	–
	1496 MHz
	FDD
(NOTE 2)

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

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

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	42
	3400 MHz 
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz 
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	45
	1447 MHz
	–
	1467 MHz
	1447 MHz
	–
	1467 MHz
	TDD

	46
	5150 MHz 
	–
	5925 MHz
	5150 MHz
	–
	5925 MHz
	TDD
(NOTE 3, NOTE 4)

	65
	1920 MHz 
	–
	2010 MHz 
	2110 MHz  
	–
	2200 MHz
	FDD

	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	FDD (NOTE 5)

	67
	N/A
	738 MHz
	–
	758 MHz
	FDD (NOTE 2)

	NOTE 1:
Band 6 is not applicable.

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
NOTE 3:
This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3.
NOTE 4:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. Band 46 is divided into four sub-bands as in Table 5.5-1A. 
NOTE 5:
The range 2180 – 2200 MHz of the DL operating band is restricted to E-UTRA operation when carrier aggregation is configured.


Table 2: Band 7, Band 7 and Band 8 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	925
	960
	2620
	2690
	2620
	2690

	
	
	

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

	IMD frequency limits (MHz)
	855
	1030

	
	
	

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

	IMD frequency limits (MHz)
	855
	1030

	
	
	

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

	IMD frequency limits (MHz)
	4280
	4455

	
	
	

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

	IMD frequency limits (MHz)
	6165
	6340


As shown in Table 2, in addition to the impacts of harmonics and IMD product from the constituent 2DL CA configurations, the 3rd intermodulation products generated by BS supporting 3DL CA of Band (7+7+8) may fall into the BS receive band of Bands 8 and 20
. As 3rd intermodulation products may fall into own receive block of Band 8, further analysis is needed to be done.
Assume that the 3 carriers transmitted by the Band (7+7+8) BS are a, b, and c MHz in channel bandwidth and d, e, and f MHz from the lower edges of Band 7 and 8 DL frequency as shown in Figure 1 below:
 SHAPE  \* MERGEFORMAT 



Figure 1: 3 carriers transmitted by the Band (7 + 7 + 8) BS
And the corresponding BS receive blocks are as shown in Figure 2 below:

 SHAPE  \* MERGEFORMAT 



Figure 2: 3 carriers received by the Band (7 + 7 + 8) BS
Then the 3rd order IMD products caused in the BS by transmitting of the 3 CC can be calculated as shown in Table 3 below:
Table 3: Band (7 + 7 + 8) BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(f1-low + f2-low – f3-high)
	925 + d + e – f – c

	(f1-high + f2-high – f3-low)
	925 + d + a + e + b – f

	(f1-low + f3-low – f2-high)
	925 + d + f – e – b

	(f1-high + f3-high – f2-low)
	925 + d + a + f + c – e


Comparing the IMD frequency limits in Table 3 with the BS receive blocks in Figure 2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 3 CC will only fall into the BS own receive block of Band 8 under one of the transmit configurations shown in Table 4 below:

Table 4: Band (7 + 7 + 8) BS transmit configurations with 3rd IMD within Band 8 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	3rd CC channel bandwidth (c MHz)
	CC position (d, e and f MHz)

	5
	5
	5
	35 < f – e < 55

	5
	5
	10
	30 < f – e < 55

	5
	10
	5
	35 < f – e < 60

	10
	5
	5
	30 < f – e < 60

	5
	10
	10
	30 < f – e < 60

	5
	5
	15
	25 < f – e < 55

	5
	15
	5
	35 < f – e < 65

	10
	5
	10
	25 < f – e < 60

	10
	10
	5
	30 < f – e < 65

	5
	5
	20
	20 < f – e <= 50

	10
	5
	15
	20 < f – e <= 55

	10
	10
	10
	25 < f – e <= 60

	5
	10
	15
	25 < f – e <= 55

	5
	15
	10
	30 < f – e <= 60

	5
	20
	5
	35 < f – e <= 65

	10
	15
	5
	30 < f – e <= 65

	5
	10
	20
	20 < f – e <= 50

	5
	15
	15
	25 < f – e <= 55

	5
	20
	10
	30 < f – e <= 60

	10
	5
	20
	15 < f – e <= 50

	10
	10
	15
	20 < f – e <= 55

	10
	15
	10
	25 < f – e <= 60

	10
	20
	5
	30 < f – e <= 65

	5
	15
	20
	20 < f – e <= 50

	5
	20
	15
	25 < f – e <= 55

	10
	10
	20
	15 < f – e <= 50

	10
	15
	15
	20 < f – e <= 55

	10
	20
	10
	25 < f – e <= 60

	10
	15
	20
	15 < f – e <= 50

	5
	20
	20
	20 < f – e <= 50

	10
	20
	15
	20 < f – e <= 55

	10
	20
	20
	20 < f – e <= 50


As the result above, it is recommended that the Band (7 + 7 + 8) BS transmitter should not share the same antenna with Band 8 or 20 BS receiver, or the own Band 8 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 8 or 20 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
3. Conclusion
In this document, we provide the analysis on harmonic and intermodulation products generated by the BS supporting 3DL CA of Band 7, Band 7 and Band 8. It was shown that in addition to the impacts of harmonics and IMD product from the constituent 2DL CA configurations, the 3rd intermodulation products may fall to UL frequency of Bands 8 or 20. Note that the 3rd intermodulation products may fall into own receive block of Band 8 if the transmit configuration of BS corresponds to one of the configurations in Table 4.
It is recommended that the Band (7 + 7 + 8) BS transmitter should not share the same antenna with Band 8 or 20 BS receiver, or the own Band 8 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 8 or 20 BS receiver desensitization.
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6
3-Band Carrier Aggregation with Single UL: Specific Band Combination Part

6.x
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 7, Band 7 and Band 8

6.x.1
Operating bands for CA

Table 6.x.1-1: Inter-band CA operating bands for 3DLs

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

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_7-7-8
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	

	NOTE 1:   The first part of the WI considers only one uplink component carrier to be used in any of the two frequency bands at any time.


6.x.2
Channel bandwidths per operating band for CA
Table 6.x.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA with 3DLs
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_7A-7A-8A
	7
	See CA_7A-7A BCS1 in table below
	50
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	7
	See CA_7A-7A BCS2 in table below
	40
	1

	
	8
	
	
	Yes
	Yes
	
	 
	
	


Table 6.x.2-2: E-UTRA CA_7A-7A configurations and bandwidth combination sets defined for inter-band CA with 3DLs
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_7A-7A
	5
	15
	40
	0

	
	10
	10, 15
	
	

	
	15
	15, 20
	
	

	
	20
	20
	
	

	
	5, 10, 15, 20
	5, 10, 15, 20
	40
	1

	
	5, 10, 15, 20
	5, 10
	30
	2


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.x.3
Harmonics IMD study

6.x.3.1
For the BS

The 3rd order IMD products generated by BS transmitting 3DL CA at Band 7, Band 7 and Band 8 DL carriers are shown in Table 6.x.3.1-1 below.

Table 6.x.3.1-1: Band 7, Band 7 and Band 8 DL 3rd order IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high
	f3-low
	f3-high

	DL frequency (MHz)
	925
	960
	2620
	2690
	2620
	2690

	
	
	

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

	IMD frequency limits (MHz)
	855
	1030

	
	
	

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

	IMD frequency limits (MHz)
	855
	1030

	
	
	

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

	IMD frequency limits (MHz)
	4280
	4455

	
	
	

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

	IMD frequency limits (MHz)
	6165
	6340


As shown in Table 6.x.3.1-1, in addition to the impacts of harmonics and IMD product from the constituent 2DL CA configurations, the 3rd intermodulation products generated by BS supporting 3DL CA of Band (7+7+8) may fall into the BS receive band of Bands 8 or 20. As 3rd intermodulation products may fall into own receive block of Band 8, further analysis is needed to be done.
Assume that the 3 carriers transmitted by the Band (7+7+8) BS are a, b, and c MHz in channel bandwidth and d, e, and f MHz from the lower edges of Band 7 and 8 DL frequency as shown in Figure 6.x.3.1-1 below:
 SHAPE  \* MERGEFORMAT 



Figure 6.x.3.1-1: 3 carriers transmitted by the Band (7 + 7 + 8) BS
And the corresponding BS receive blocks are as shown in Figure 6.x.3.1-2 below:

 SHAPE  \* MERGEFORMAT 



Figure 6.x.3.1-2: 3 carriers received by the Band (7 + 7 + 8) BS
Then the 3rd order IMD products caused in the BS by transmitting of the 3 CC can be calculated as shown in Table 6.x.3.1-2 below:
Table 6.x.3.1-2: Band (7 + 7 + 8) BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(f1-low + f2-low – f3-high)
	925 + d + e – f – c

	(f1-high + f2-high – f3-low)
	925 + d + a + e + b – f

	(f1-low + f3-low – f2-high)
	925 + d + f – e – b

	(f1-high + f3-high – f2-low)
	925 + d + a + f + c – e


Comparing the IMD frequency limits in Table 6.x.3.1-2 with the BS receive blocks in Figure 6.x.3.1-2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 3 CC will only fall into the BS own receive block of Band 8 under one of the transmit configurations shown in Table 6.x.3.1-3 below:

Table 6.x.3.1-3: Band (7 + 7 + 8) BS transmit configurations with 3rd IMD within Band 8 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	3rd CC channel bandwidth (c MHz)
	CC position (d, e and f MHz)

	5
	5
	5
	35 < f – e < 55

	5
	5
	10
	30 < f – e < 55

	5
	10
	5
	35 < f – e < 60

	10
	5
	5
	30 < f – e < 60

	5
	10
	10
	30 < f – e < 60

	5
	5
	15
	25 < f – e < 55

	5
	15
	5
	35 < f – e < 65

	10
	5
	10
	25 < f – e < 60

	10
	10
	5
	30 < f – e < 65

	5
	5
	20
	20 < f – e <= 50

	10
	5
	15
	20 < f – e <= 55

	10
	10
	10
	25 < f – e <= 60

	5
	10
	15
	25 < f – e <= 55

	5
	15
	10
	30 < f – e <= 60

	5
	20
	5
	35 < f – e <= 65

	10
	15
	5
	30 < f – e <= 65

	5
	10
	20
	20 < f – e <= 50

	5
	15
	15
	25 < f – e <= 55

	5
	20
	10
	30 < f – e <= 60

	10
	5
	20
	15 < f – e <= 50

	10
	10
	15
	20 < f – e <= 55

	10
	15
	10
	25 < f – e <= 60

	10
	20
	5
	30 < f – e <= 65

	5
	15
	20
	20 < f – e <= 50

	5
	20
	15
	25 < f – e <= 55

	10
	10
	20
	15 < f – e <= 50

	10
	15
	15
	20 < f – e <= 55

	10
	20
	10
	25 < f – e <= 60

	10
	15
	20
	15 < f – e <= 50

	5
	20
	20
	20 < f – e <= 50

	10
	20
	15
	20 < f – e <= 55

	10
	20
	20
	20 < f – e <= 50


As the result above, it is recommended that the Band (7 + 7 + 8) BS transmitter should not share the same antenna with Band 8 or 20 BS receiver, or the own Band 8 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 8 or 20 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.
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