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1 Introduction
Intra-band contiguous CA class B requirements have been introduced in TS 36.101 recently. We have identified some inconsistencies with Rel8 single carrier requirements and intra-band contiguous class C requirements. 
2 Discussion
RX requirements for intra-band contiguous CA were first defined for Class C in rel10. The Class C requirements were derived from Rel8 single carrier requirements under the assumption that the filtering requirements would remain roughly the same in Rel10. Specification was built to warrant implementation independence, in other words both single and dual receiver implementations should be possible. Some of the Class C requirements were relaxed to account the impact of wider total BW.
We identified some ACS Case1, Narrow band blocking and Wideband intermodulation BW combinations in intra-band contiguous CA class B where the requirement is notably stricter than the corresponding single carrier requirement. We compare only the power ratio between each component carrier and its interferer. That ration should not be more than it is in single carrier specification. 
ACS Case1
Single carrier requirements are defined as follows.
Table 7.5.1-1: Adjacent channel selectivity

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 


One can easily calculate the received CC power level and compare it with the corresponding interferer power level, see lowest row in table 1 below.
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The requirements for intra-band contiguous CA are defined as follows.

Similar exercise was conducted for intra-band contiguous Class C (table2) and Class B (table3). Figure1 illustrates the comparison.
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Figure 1 CC's and interferers
Please note that the following REFSENS is used for all the calculations in this contribution.
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	-104.7
	-101.7
	-100
	-97
	-95.2
	-94


Intra-band contiguous CA ACS requirements are defined as follows.
Table 7.5.1A-1: Adjacent channel selectivity

	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C
	D
	E
	F

	ACS
	dB
	27
	24
	
	
	


Table 7.5.1A-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	Aggregated power + 25.5 dB
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	5
	5
	
	
	

	FInterferer (offset)
	MHz
	2.5 + Foffset
/

-2.5 - Foffset
	2.5 + Foffset
/

-2.5 - Foffset
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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It can be seen from the table 2 above that there are no cases where the power difference between the CC and its interferer exceeds the corresponding single carrier value.
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From the table3 above it can be seen that there are three cases where the power difference between the CC and its interferer exceeds the corresponding single carrier value. In case of 1.4MHz CC the maximum difference to single carrier specification is 4dB.
Narrow band blocking
Narrow band blocking requirements for single carrier are defined as follows.
Table 7.6.3.1-1: Narrow-band blocking

	Parameter
	Unit
	Channel Bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	22
	18
	16
	13
	14
	16

	Puw (CW)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset for

f = 15 kHz)
	MHz
	0.9075
	1.7025
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	
	

	NOTE 1:
The transmitter shall be set a 4 dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


One can easily calculate the received CC power level and compare it with the corresponding interferer, see lowest row of table 4 below
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Same exercise was conducted for intra-band contiguous CA class C (table5) and class B (table6).
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WBI

It can be seen from the table 5 above that there are no cases where the power difference between the CC and its interferer exceeds the corresponding single carrier value.



[image: image8]
It can be seen from the table 6 above that the power difference between the CC and its interferer exceeds the corresponding single carrier value for all 1.4 and 3MHz CC’s. In case of 1.4MHz the difference to single carrier specification is 6dB.
Wideband intermodulation
Wideband intermodulation requirements for single carrier are defined as follows.
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	12
	8
	6
	6
	7
	9

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	
	1.4
	3
	5

	FInterferer 1
(Offset)
	MHz
	-BW/2 –2.1

/

+BW/2+ 2.1
	-BW/2 –4.5

/

+BW/2 + 4.5
	-BW/2 – 7.5

/

+BW/2 + 7.5

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.
NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.

NOTE 3:
The modulated interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 with set-up according to Annex C.3.1The interfering modulated signal is 5MHz E-UTRA signal as described in Annex D for channel bandwidth (5MHz


One can easily calculate the received CC power level and compare it with the corresponding interferers, see lowest row of table 7 below
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Same exercise was conducted for intra-band contiguous CA class C (table8) and class B (table9).
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It can be seen from the table 8 above that there are no cases where the power difference between the CC and its interferer exceeds the corresponding single carrier value.
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It can be seen from the table 9 above that the power difference between the 1.4MHz CC and its interferer id 3dB larger than  the corresponding single carrier value.
SUMMARY
The following intra-band contiguous CA class B requirements are tighter than corresponding single carrier requirement:

· ACS Case1: 1.4MHz CC aggregated with 10MHz/15MHz CC and 3MHz CC aggregated with 15MHz CC

· Narrow band blocking: 1.4MHz and 3MHz carriers aggregated with 3MHz or 5MHz /10MHz /15MHz CC

· Wideband intermodulation: 1.4MHz carriers aggregated with 5MHz /10MHz/15MHz CC

WHAT TO DO
There are up to 6dB differences in the received CC/interferer ratio compared with single carrier specification. This is partly due to different maximum power difference between CC’s in intra-band contiguous CA class B RX tests and class C RX tests. Assuming the REFSENS that was used in this contribution, in class C the max power difference is 6dB (e.g Class C: REFSENS 5MHz=-100dBm, REFSENS 20MHz=-94dBm, difference is 6dB). In class B the max power difference is 9.5dB: (e.g REFSENS 1.4MHz=-104.7dBm, REFSENS 15MHz=-95.2dBm, difference=9.5dB). That is not anyhow the only explanation. Ideally the modifications would not change the table structure too much. We show one option to capture needed changes in intra-band contiguous CA class B specifications. Changes to BW combinations in each requirement that are not marked red in sections above are only minimally impacted, if at all. Please note that only full dB’s are used in the proposed formulas below.
ACS: Power per CC=max(REFSENS+14, -86dBm)
NBB: Power per CC=max(REFSENS+16, -83dBm)

WBI: Power per CC=max(REFSENS+9, -92dBm)
The tables would look like this with the changes above:
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	
	Max(REFSENS + 14 dB, -86dBm)
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	Aggregated power + 25.5 dB
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	5
	5
	
	
	

	FInterferer (offset)
	MHz
	2.5 + Foffset
/

-2.5 - Foffset
	2.5 + Foffset
/

-2.5 - Foffset
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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Table 10 ACS changes example
	Parameter
	Unit
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	Max(REFSENS+16,-83dBm)
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	16
	
	
	

	Puw (CW)
	dBm
	-55
	-55
	
	
	

	Fuw (offset for

f = 15 kHz)
	MHz
	- Foffset – 0.2

/

+ Foffset + 0.2
	- Foffset – 0.2

/

+ Foffset + 0.2
	
	
	

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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Table 11 NBB changes example

	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	Max(REFSENS+9, -92dBm)
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	12
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	5
	5
	
	
	

	FInterferer 1
(Offset)
	MHz
	–Foffset-7.5

/

+ Foffset+7.5
	–Foffset-7.5

/

+ Foffset+7.5
	
	
	

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.

NOTE 3:
The modulated interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 with set-up according to Annex C.3.1.

NOTE 4:
The interfering modulated signal is 5MHz E-UTRA signal as described in Annex D for channel bandwidth (5MHz


Table 12 WBI changes example

3 Conclusions

Some of the intra-band contiguous CA class B requirements are inconsistent with the Rel8 single carrier and Rel10 intra-band contiguous CA class C requirements. We propose the following changes to the specifications (marked red).
ACS Case1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	
	Max(REFSENS + 14 dB, -86dBm)
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	Aggregated power + 25.5 dB
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	5
	5
	
	
	

	FInterferer (offset)
	MHz
	2.5 + Foffset
/

-2.5 - Foffset
	2.5 + Foffset
/

-2.5 - Foffset
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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NBB

	Parameter
	Unit
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	Max(REFSENS+16,-83dBm)
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	16
	
	
	

	Puw (CW)
	dBm
	-55
	-55
	
	
	

	Fuw (offset for

f = 15 kHz)
	MHz
	- Foffset – 0.2

/

+ Foffset + 0.2
	- Foffset – 0.2

/

+ Foffset + 0.2
	
	
	

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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WBI

	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	Max(REFSENS+9, -92dBm)
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	12
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	5
	5
	
	
	

	FInterferer 1
(Offset)
	MHz
	–Foffset-7.5

/

+ Foffset+7.5
	–Foffset-7.5

/

+ Foffset+7.5
	
	
	

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.

NOTE 3:
The modulated interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 with set-up according to Annex C.3.1.

NOTE 4:
The interfering modulated signal is 5MHz E-UTRA signal as described in Annex D for channel bandwidth (5MHz


4 Appendix
For convenience, we recalculated the power difference tables with the proposed changes.
ACS Case1
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Table � SEQ Table \* ARABIC �1� Single carrier ACS Case1





Table � SEQ Table \* ARABIC �2� Class C ACS case1 power differences





Table � SEQ Table \* ARABIC �3� Class B ACS case1 power differences





Table � SEQ Table \* ARABIC �4� Single carrier narrow band blocking





Table � SEQ Table \* ARABIC �5� Class C narrow band blocking





Table � SEQ Table \* ARABIC �6� Class B narrow band blocking





Table � SEQ Table \* ARABIC �7� Single carrier wideband intermodulation





Table � SEQ Table \* ARABIC �8� Class C wideband intermodulation





Table � SEQ Table \* ARABIC �9� Class B Wideband intermodulation
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