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1
Introduction
In RAN#67, a new WI, LTE Advanced 4 Band Carrier Aggregation (4DL/1UL) of Band 1, Band 3, Band 7 and Band 8, was approved [1]. In the WI, a new 3DL CA configuration CA_1A-7A-8A is proposed as a 3DL fallback of 4DL CA_1A-3A-7A-8A.

In this paper it is proposed that the new CA configuration CA_1A-7A-8A is included in Rel-13 TR for 3DL/1UL WIs, TR36.853-13.
2
Discussion
2.1
Coexistence analysis

The 3rd order IMD products caused in the BS by transmitting of Band 1, Band 7 and Band 8 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 1 below:
Table 1: Band 1, 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
	2110
	2170
	2620
	2690

	
	
	

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

	IMD frequency limits (MHz)
	345
	510

	
	
	

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

	IMD frequency limits (MHz)
	1375
	1540

	
	
	

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

	IMD frequency limits (MHz)
	3770
	3935

	
	
	

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

	IMD frequency limits (MHz)
	5655
	5820


It can be seen from Table 1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations (already analyzed in CA_1-7, CA_1-8, and CA_7-8), the 3rd order IMD products supporting 3 DL CA of Band (1 + 7 + 8) may fall into the BS receive band of Bands 11, 21, 31 and 43. However, Band 11 and 21 are not intended for use in the same geographical area as Bands 1, 7 and 8.
Table 2 shows the second and third order UL harmonics for bands 1, 7 and 8. It can be seen that 3rd harmonics of band 8 UE transmitter may fall to band 7 UE receiver band as already analyzed in CA-7-8.
Table 2: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

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

	1
	1920
	1980
	3840
	3960
	5760
	5940

	7
	2500
	2570
	5000
	5140
	7500
	7710

	8
	880
	915
	1760
	1830
	2640
	2745


2.2
Relaxation values

For CA_1A-7A-8A, we can derive the relaxations values from the ones for CA_1A-7A, CA_1A-8A, and CA_7A-8A [2] by applying the 3DL framework [3] in the following.

Table 3: Derivation of 3DL relaxation values
	CA config
	CA_1A-7A-8A

	Band
	B1
	B7
	B8

	ΔTIB,c
	Max(0.5, 0.3)=0.5
	Max(0.6, 0.6)=0.6
	Max(0.3, 0.6)=0.6

	ΔRIB,c
	Max(0, 0)=0.0
	Max(0, 0)=0.0
	Max(0.2, 0)=0.2


2.3
MSD

A part of the uplink of Band 8, specifically 880-897MHz (only first 17MHz) may create third order harmonics into part of Band 7 downlink, specifically 2640-2690MHz (only last 50MHz). The reference sensitivity already analyzed for CA_7-8 can be reused for CA_1-7-8 because the ΔTIB,c for Band 8 and ΔRIB,c for Band 7 and 8 are the same between CA_7-8 and CA_1-7-8. There is no desens to Band 1 due to no harmonic relation and no additional relaxation for Band 1 Rx. Therefore the reference sensitivity exception can be specified in the following.
Table 4: 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_1A-7A-8A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	7
	
	
	
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band (Band 8) for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band (Band 7).  

NOTE 2:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that [image: image1.wmf]ë
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Table 5: 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_1A-7A-8A
	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 Table 7.3.1-2 (TS36.101) for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 (TS36.101) applies.


3
Conclusion
CA operation bands, bandwidth combination set, co-existence study, relaxation values, and MSD are proposed to be included in TR36.853-13 as attached in Clause 5.
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<Start of change>

6.X
LTE Advanced Carrier Aggregation of Band 1, Band 7 and Band 8
Table 6.X-1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1-7-8
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	

	
	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	


6.X.1

List of specific combination issues

6.X.1.1
Channel bandwidths per operating band for CA
Table 6.X.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-7A-8A
	-
	1
	 
	 
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	
	7
	 
	 
	
	Yes
	Yes
	Yes
	
	

	
	
	8
	 
	 
	Yes
	Yes
	 
	 
	
	


Note:  UL carrier shall be supported in each of the 3 bands being aggregated.
6.X.1.2
Co-existence studies for CA_1-7-8

The 3rd order IMD products caused in the BS by transmitting of Band 1, Band 7 and Band 8 DL carriers (i.e. 3DL CA with one component carrier in each band) can be calculated as shown in Table 6.X.1.2-1 below:

Table 6.X.1.2-1: Band 1, 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
	2110
	2170
	2620
	2690

	
	
	

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

	IMD frequency limits (MHz)
	345
	510

	
	
	

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

	IMD frequency limits (MHz)
	1375
	1540

	
	
	

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

	IMD frequency limits (MHz)
	3770
	3935

	
	
	

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

	IMD frequency limits (MHz)
	5655
	5820


It can be seen from Table 6.X.1.2-1 that in addition to the impacts of harmonics and IMD products from the constituent 2DL CA configurations (already analyzed in CA_1-7, CA_1-8, and CA_7-8), the 3rd order IMD products supporting 3 DL CA of Band (1 + 7 + 8) may fall into the BS receive band of Bands 11, 21, 31 and 43. However, Band 11 and 21 are not intended for use in the same geographical area as Bands 1, 7 and 8.
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 31 and 43 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 1, 7 and 8 BS transmitters do not share the same antenna with Band 31 and 43 BS receiver.

Therefore, it is recommended that Bands 1, 7 and 8 BS transmitters should not share the same antenna with Band 31 and 43 BS receiver to prevent BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 31 and 43 BS receiver desensitization.
Table 6.X.1.2-2 shows the second and third order UL harmonics for bands 1, 7 and 8. It can be seen that 3rd harmonics of band 8 UE transmitter may fall to band 7 UE receiver band as already analyzed in CA-7-8.
Table 6.X.1.2-2: Impact of UL Harmonic Interference
	
	
	
	2nd  Harmonic
	3rd  Harmonic

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

	1
	1920
	1980
	3840
	3960
	5760
	5940

	7
	2500
	2570
	5000
	5140
	7500
	7710

	8
	880
	915
	1760
	1830
	2640
	2745


6.X.1.3

ΔTIB,c and ΔRIB,c (1 UL) 

For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.X.1.3-1.

Table 6.X.1.3-1: ΔTIB,c for 3DLs aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-7A-8A
	1
	0.5

	
	7
	0.6

	
	8
	0.6


For the UE which supports inter-band carrier aggregation configuration in Table 6.X.1.1-1 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 in TS 36.101 shall be increased by the amount given in ΔRIB,c in Table 6.X.1.3-2 for the applicable E-UTRA bands.

Table 6.X.1.3-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-7A-8A
	1
	0

	
	7
	0

	
	8
	0.2


6.X.1.4

MSD 

A part of the uplink of Band 8, specifically 880-897MHz (only first 17MHz) may create third order harmonics into part of Band 7 downlink, specifically 2640-2690MHz (only last 50MHz). The reference sensitivity exception already analyzed for CA_7A-8A can be reused for CA_1A-7A-8A because the ΔTIB,c for Band 8 and ΔRIB,c for Band 7 and 8 are the same between CA_7A-8A and CA_1A-7A-8A. There is no desens to Band 1 due to no harmonic relation and no additional relaxation for Band 1 Rx. Therefore the reference sensitivity exception for CA_1A-7A-8A can be specified in the following.
Table 6.X.1.4-1: 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_1A-7A-8A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	7
	
	
	
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band (Band 8) for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band (Band 7).  

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.X.1.4-2: 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_1A-7A-8A
	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 Table 7.3.1-2 (TS36.101) for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 (TS36.101) applies.


<End of change>







