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1 Introduction

How to define intermodulation characteristics for non-contiguous intra-band CA is still the open issue in this meeting, so this contribution proposes how to do that, and presents a TP for 36.823 regarding intermodulation characteristics for non-contiguous intra-band contiguous carrier aggregation.

2 Discussion
In order to keep the test scenarios consistency with other receiver characteristics such as ACS and Blocking for non-contiguous intra-band CA, the following proposal 1 is given for intermoulation characteristics for non-contiguous intra-band CA.
Proposal 1: Both non-contiguous carriers are tested simultaneously with respect to two interfering signals. Each carrier should satisfy the Rel-8 wide band intermodulation requirements.
For intra-band non-contiguous carrier aggregation, the interfering signals located inside the gap with respect to one carrier may be located closer to the other carrier than specified in Rel-8, unless the gap width is sufficiently large.
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Figure 1.  Condition that the interfering signals located with respect to CC1 for in-gap test.
Let us denote the channel bandwidth by 
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 and the two Rel-8 interference frequency offsets for CC1 by 
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, the offset of the 2rd interferer signal of CC1 from CC2 center frequency  by
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, as illustrated in figure 1. In order to guarantee a minimum of the Rel-8 interference frequency offset from both carriers, the offset 
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of the 2rd interferer signal of CC1 from CC2 center frequency should satisfy the following condition: 
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So the gap bandwidth 
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The same analysis process is used in the following condition that the interfering signals located with respect to CC2 for in-gap test, as illustrated in figure 2.
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Figure 2.  Condition that the interfering signals located with respect to CC2 for in-gap test.
 In order to guarantee a minimum of the Rel-8 interference frequency offset from both carriers, the offset 
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of the 2rd interferer signal of CC2 from CC1 center frequency should satisfy the following condition:
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So the gap bandwidth 
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 should satisfy the following condition:
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From (2) and (4), the condition the interfering signals located with respected to whether CC1 or CC2 for in-gap test can be concluded as
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Where 
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is the FInterferer 2(Offset) specified in subclause 7.8.1 of the carrier that the two interfering signals are located with respect to, and
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 is the FInterferer 1(Offset) specified in subclause 7.8.1 of the other carrier.
To sum up, we propose to define the in-gap wide band intermoulation  requirements only if the gap bandwidth is sufficiently large, as RAN4 agreed for ACS and IBB blocking.
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Figure 3.  Simulation test with different gap bandwidth
Proposal 2: The wide band intermodulation requirements are defined only if the sub block gap bandwidth is large enough to guarantee a minimum of the Rel-8 interference frequency offset from both carriers.
Proposal 3: for in-gap testing, existing wide band intermodulation requirements shall be supported for in-gap tests only if the gap length satisfies the following condition so that the interferer position does not change the nature of the core requirement tested:
BWgap≥ FInterferer 2(Offset) CC being tested + FInterferer 1(Offset) CC not tested –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

Where FInterferer 2(Offset) CC being tested is the FInterferer 2(Offset) specified in subclause 7.8.1 of the carrier that the two interfering signals are located with respect to, and FInterferer 1(Offset) CC not tested is the FInterferer 1(Offset)  specified in subclause 7.8.1 of the other carrier.

3 Conclusion

In this contribution, we proposed how to define the wide band intermodulation requirements for non-contiguous intra-band CA, and introduced a TP for TR 36.823.
4 Reference
[1] 36.823 v0.3.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Carrier Aggregation Enhancements; UE and BS radio transmission and reception(Release 11)”
Annex: Text proposal

************************ Start of the text proposal for TR 36.823********************************
6.2.3.6 

Intermodulation characteristics 
In order to keep the test scenarios consistency with other receiver characteristics such as ACS and Blocking for non-contiguous intra-band CA, the following proposal  1 is given for intermoulation characteristics for non-contiguous intra-band CA.

Proposal 1: Both non-contiguous carriers are tested simultaneously with respect to two interfering signals. Each carrier should satisfy the Rel-8 wide band intermodulation requirements.
For intra-band non-contiguous carrier aggregation, the interfering signals located inside the gap with respect to one carrier may be located closer to the other carrier than specified in Rel-8, unless the gap width is sufficiently large.
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Figure 6.2.3.6-1.  Condition that the interfering signals located with respect to CC1 for in-gap test.
Let us denote the channel bandwidth by 
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, the offset of the 2rd interferer signal of CC1 from CC2 center frequency  by
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, as illustrated in figure 6.2.3.6-1. In order to guarantee a minimum of the Rel-8 interference frequency offset from both carriers, the offset 
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of the 2rd interferer signal of CC1 from CC2 center frequency should satisfy the following condition: 
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So the gap bandwidth 
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The same analysis process is used in the following condition that the interfering signals located with respect to CC2 for in-gap test, as illustrated in figure 6.2.3.6-2.
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Figure 6.2.3.6-2.  Condition that the interfering signals located with respect to CC2 for in-gap test.
 In order to guarantee a minimum of the Rel-8 interference frequency offset from both carriers, the offset 
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of the 2rd interferer signal of CC2 from CC1 center frequency should satisfy the following condition:
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So the gap bandwidth 
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From (2) and (4), the condition the interfering signals located with respected to whether CC1 or CC2 for in-gap test can be concluded as
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Where 
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is the FInterferer 2(Offset) specified in subclause 7.8.1 of the carrier that the two interfering signals are located with respect to, and
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 is the FInterferer 1(Offset) specified in subclause 7.8.1 of the other carrier.

To sum up, we propose to define the in-gap wide band intermoulation  requirements only if the gap bandwidth is sufficiently large, as RAN4 agreed for ACS and IBB blocking.
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Figure 6.2.3.6-3.  Simulation test with different gap bandwidth

Proposal 2: The wide band intermodulation requirements are defined only if the sub block gap bandwidth is large enough to guarantee a minimum of the Rel-8 interference frequency offset from both carriers.
Proposal 3: for in-gap testing, existing wide band intermodulation requirements shall be supported for in-gap tests only if the sub block bandwidth satisfies the following condition so that the interferer position does not change the nature of the core requirement tested:
BWgap ≥ FInterferer 2(Offset) CC being tested + FInterferer 1(Offset) CC not tested –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

Where FInterferer 2(Offset) CC being tested is the FInterferer 2(Offset) specified in subclause 7.8.1 of the carrier that the two interfering signals are located with respect to, and FInterferer 1(Offset) CC not tested is the FInterferer 1(Offset)  specified in subclause 7.8.1 of the other carrier.

************************ End of the text proposal for TR 36.823********************************
************************ Start of the text proposal for TR 36.823 Annex A************************
7.1 General
Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. . For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). 

The levels of the test signal applied to each of the antenna connectors shall be as defined in the respective sections below. 
With the exception of subclause 7.3, the requirements shall be verified with the network signalling value NS_01 configured (Table 6.2.4-1). 
All the parameters in clause 7 are defined using the UL reference measurement channels specified in Annexes A.2.2 and A.2.3, the DL reference measurement channels specified in Annex A.3.2 and using the set-up specified in Annex C.3.1.

For the additional requirements for intra-band non-contiguous carrier aggregation, in-gap test refers to the case when the interfering signal(s) is (are) located at a negative offset with respect to the the assigned channel frequency of the highest carrier frequency; or located at a positive offset with respect to the assigned channel frequency of the lowest carrier frequency.
For the additional requirements for intra-band non-contiguous carrier aggregation, out-of-gap test refers to the case when the interfering signal(s) is (are) located at a positive offset with respect to the assigned channel frequency of the highest carrier frequency, or located at a negative offset with respect to the assigned channel frequency of the lowest carrier frequency.
For the additional requirements for intra-band non-contiguous carrier aggregation with channel bandwidth larger than or equal to 5 MHz, existing adjacent channel selectivity and in-band blocking requirements shall be supported for in-gap tests only if the gap length satisfies the following condition so that the interferer position does not change the nature of the core requirement tested:

Gap length ≥ (Interferer frequency offset 1) + (Interferer frequency offset 2) –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

where the interferer frequency offset represents the interferer frequency offset per carrier specified in subclause 7.5.1 and subclause 7.6.1. 

For the additional requirements for intra-band non-contiguous carrier aggregation with channel bandwidth larger than or equal to 5 MHz, existing wide band intermodulation requirements shall be supported for in-gap tests only if the sub block bandwidth satisfies the following condition so that the interferer position does not change the nature of the core requirement tested:

BWgap≥ FInterferer 2(Offset) CC being tested + FInterferer 1(Offset) CC not tested –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

Where FInterferer 2(Offset) CC being tested is the FInterferer 2(Offset) specified in subclause 7.8.1 of the carrier that the two interfering signals are located with respect to, and FInterferer 1(Offset) CC not tested is the FInterferer 1(Offset)  specified in subclause 7.8.1 of the other carrier.

7.2 Diversity characteristics
The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Requirements for 4 ports are FFS. With the exception of subclause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.

******************************************** Unchanged ***********************************************

7.8
Intermodulation characteristics

Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

7.8.1
Wide band intermodulation

The wide band intermodulation requirement is defined following the same principles using modulated E-UTRA carrier and CW signal as interferer.

7.8.1.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.8.1.1 for the specified wanted signal mean power in the presence of two interfering signals
Table 7.8.1.1-1: Wide band intermodulation

	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


For the UE which supports inter band CA configuration in Table 7.3.1A-2, Pinterferer1 and Pinterferer2 powers defined in Table 7.8.1.1-1 are increased by the amount given by ΔRIB in Table 7.3.1A-2.  

7.8.1A
Minimum requirements for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the wide band intermodulation requirements are defined with the uplink active on the band other than the band whose downlink is being tested.  The UE shall meet the requirements specified in subclause 7.8.1.1 for each component carrier while both downlink carriers are active.

For intra-band contiguous  carrier aggegation the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.8.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggreagation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement in presence of an interfering signal specified in Table 7.8.1A-1 being on either side of the aggregated signal. The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.8.1A-1.
For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the wide band intermodulation requirements are defined with the uplink configuration of the PCC being in accordance with table 7.3.1A-3.The UE shall meet the requirements specified in subclause 7.8.1 for each component carrier while both downlink carriers are active.
Table 7.8.1A-1: Wide band intermodulation

	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	REFSENS +  CA Bandwidth Class specific value below

	
	
	
	12
	
	
	

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	
	5
	
	
	

	FInterferer 1
(Offset)
	MHz
	
	–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 at the minimum uplink configuration specified in Table 7.3.1A-1 with PCMAX_L 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


7.8.1B
Minimum requirements for UL-MIMO

For UE(s) with two transmitter antenna connectors in closed-loop spatial multiplexing scheme, the minimum requirements in subclause 7.8.1 shall be met with the UL-MIMO configurations specified in Table 6.2.2B-2. For UL-MIMO, the parameter PCMAX_L is defined as the total transmitter power over the two transmit antenna connectors.

7.8.2
Void

************************ End of the text proposal for TR 36.823 Annex A************************
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