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1 Introduction

The LTE carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous (NC) intra-band CA [1]. 
In this text proposal, we propose how to define the wide band intermodulation requirements with the following assumptions:

· There are two non-contiguous downlink carriers (PCC and SCC).

· There is only one uplink carrier (PCC), which is configured closer to the downlink band.
2 Wide band intermodulation requirements
Intermodulation response rejection is a measure of the capability of the receiver to receive 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. The wide band intermodulation requirement is defined following the same principles using modulated E-UTRA carrier and CW signal as interferer.

Similar to the ACS and blocking requirements, there are two different test scenarios for the wide band intermodulation requirements: simultaneous test and separate test. In simultaneous test, two non-contiguous downlink carriers are active and being tested simultaneously with respect to the two interferering signals (modulated E-UTRA carrier and CW signal), whereas, in separate test, one downlink carrier is tested at one time with respect to the interfering signals. 
Each test scenario consists of in-gap test and out-of-gap test. The interfering signals are located at either a positive offset or a negative offset with respect to each carrier. Therefore, for intra-band NC CA with two carriers, each test scenario consists of four tests, as illustrated in Figure 1: in-gap tests with positive and negative offsets and out-of-gap tests with positive and negative offsets. Note that, in simultaneous test, both downlink carriers, C1 and C2, are present and tested simultaneously, whereas, in separate test, either C1 or C2 is present and tested at one time.
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Figure 1. Test scenarios for wide band intermodulation requirements (a) separate test (b) simultaneous test.
Since a typical operation condition of UE capable of intra-band NC CA is better captured by the simultaneous test, we propose to use the simultaneous test for wide band intermodulation requirements. This is consistent with what RAN4 has agreed for the ACS requirements [2] and in-band blocking requirements [3] for intra-band NC CA. It should be noted that the simultaneous test was also agreed for LTE intra-band contiguous CA and NC-4C-HSDPA. 
· Proposal 1: Both non-contiguous carriers are active and being tested simultaneously with respect to a modulated E-UTRA signal and a CW signal as interference. 
In order to guarantee the same receiver linearity as for the single-carrier case, for each of the four tests, both downlink carriers should satisfy the Rel-8 wide band intermodulation requirements. In other words, the power of downlink carriers and interfering signals and also the frequency offset of interfering signals follow those for the Rel-8 wide band intermodulation requirements. This is consistent with what was agreed for NC-4C-HSDPA.
· Proposal 2: Each carrier should satisfy the Rel-8 wide band intermodulation requirements. 
One issue of the simultaneous test is that the in-gap test may have the interfering signals too close to one of the carriers, more accurately, the carrier other than the carrier which the interfering signals are located with respect to. For example, when the in-gap test has the interfering signals at a positive offset with respect to C1 (as illustrated in Figure 1 (b)), the interfereing signals (the modulated E-UTRA signal) may be located so close to C2 that the interfering signals degrade the performance of C2. Assuming channel bandwidth larger than or equal to 5 MHz, there is (almost) no impact on in-gap test, if the gap length satisfies the following condition:
                                 (Gap length) ≥ (Interferer frequency offset 1) + (Interferer frequency offset 2) 
–0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )                                           (1)
where the interferer frequency offset represents the frequency offset between the modulated E-UTRA interfering signal and the wanted carrier (Finterferer 2 (offset) specified in subclause 7.8.1.1). Note that the condition in (1) is equivalent to having a gap length that guanrantees a minimum of the Rel-8 interference frequency offset from both the carriers, as considered in [3]. As to how to define the wide band intermodulation requirements for in-gap test, we can consider the following two options:
· Option 1: The in-gap test should be considered only if the gap length satisfies the condition in (1). 

· Option 2: The in-gap test should be skipped, regardless of the gap length.
If the in-gap test is skipped, the simultaneous test consists of two out of four tests, e.g., an out-of-gap test with negative offset with respect to C1 and an out-of-gap test positive offsets with respect to C2. 

Recalling that it is the receiver linearity (not the selection or blocking capability) that is measured in the intermodulation test, it is possible to skip in-gap test and rely on out-of-gap test in intra-band NC CA. Therefore, we propose Option 2. In addition, Option 2 helps to save the testing time/effort since it skips two out of four tests. Moreover, Option 2 is simpler in that it is readily applicable to any channel bandwidth (whereas Option 1 may end up with channel bandwidth larger than or equal to 5 MHz, as in [2] and [3]). Lastly, it is consistent with what was agreed for NC-4C-HSDPA.   
· Proposal 3: The in-gap test should be skipped, regardless of the gap length (Option 2). 
3 Summary

In this contribution, we proposed how to define the wide band intermodulation requirements for intra-band NC CA and introduced a draft CR to the TR 36.823 Annex A. 
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*********************************** Start of the text proposal for TR 36.823**********************************
6.2.3.4 

Spurious response
6.2.3.5 

Intermodulation characteristics
Intermodulation response rejection is a measure of the capability of the receiver to receive 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. The wide band intermodulation requirement is defined following the same principles using modulated E-UTRA carrier and CW signal as interferer.

Similar to the ACS and blocking requirements, there are two different test scenarios for the wide band intermodulation requirements: simultaneous test and separate test. In simultaneous test, two non-contiguous downlink carriers are active and being tested simultaneously with respect to the two interferering signals (modulated E-UTRA carrier and CW signal), whereas, in separate test, one downlink carrier is tested at one time with respect to the interfering signals. 

Each test scenario consists of in-gap test and out-of-gap test. The interfering signals are located at either a positive offset or a negative offset with respect to each carrier. Therefore, for intra-band NC CA with two carriers, each test scenario consists of four tests, as illustrated in Figure 6.2.3.5-1: in-gap tests with positive and negative offsets and out-of-gap tests with positive and negative offsets. Note that, in simultaneous test, both downlink carriers, C1 and C2, are present and tested simultaneously, whereas, in separate test, either C1 or C2 is present and tested at one time.
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Figure 6.2.3.5-1. Test scenarios for wide band intermodulation requirements (a) separate test (b) simultaneous test.
Since a typical operation condition of UE capable of intra-band NC CA is better captured by the simultaneous test, we propose to use the simultaneous test for wide band intermodulation requirements. This is consistent with what RAN4 has agreed for the ACS requirements and in-band blocking requirements for intra-band NC CA. It should be noted that the simultaneous test was also agreed for LTE intra-band contiguous CA and NC-4C-HSDPA. 

· Proposal 1: Both non-contiguous carriers are active and being tested simultaneously with respect to a modulated E-UTRA signal and a CW signal as interference. 
In order to guarantee the same receiver linearity as for the single-carrier case, for each of the four tests, both downlink carriers should satisfy the Rel-8 wide band intermodulation requirements. In other words, the power of downlink carriers and interfering signals and also the frequency offset of interfering signals follow those for the Rel-8 wide band intermodulation requirements. This is consistent with what was agreed for NC-4C-HSDPA.

· Proposal 2: Each carrier should satisfy the Rel-8 wide band intermodulation requirements. 
One issue of the simultaneous test is that the in-gap test may have the interfering signals too close to one of the carriers, more accurately, the carrier other than the carrier which the interfering signals are located with respect to. For example, when the in-gap test has the interfering signals at a positive offset with respect to C1 (as illustrated in Figure 6.2.3.5-1 (b)), the interfereing signals (the modulated E-UTRA signal) may be located so close to C2 that the interfering signals degrade the performance of C2. Assuming channel bandwidth larger than or equal to 5 MHz, there is (almost) no impact on in-gap test, if the gap length satisfies the following condition:

                                 (Gap length) ≥ (Interferer frequency offset 1) + (Interferer frequency offset 2) 
–0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )                                           (1)
where the interferer frequency offset represents the frequency offset between the modulated E-UTRA interfering signal and the wanted carrier (Finterferer 2 (offset) specified in subclause 7.8.1.1). Note that the condition in (1) is equivalent to having a gap length that guanrantees a minimum of the Rel-8 interference frequency offset from both the carriers, as considered in the in-band blocking requirements. As to how to define the wide band intermodulation requirements for in-gap test, we can consider the following two options:

· Option 1: The in-gap test should be considered only if the gap length satisfies the condition in (1). 

· Option 2: The in-gap test should be skipped, regardless of the gap length.

If the in-gap test is skipped, the simultaneous test consists of two out of four tests, e.g., an out-of-gap test with negative offset with respect to C1 and an out-of-gap test positive offsets with respect to C2. 

Recalling that it is the receiver linearity (not the selection or blocking capability) that is measured in the intermodulation test, it is possible to skip in-gap test and rely on out-of-gap test in intra-band NC CA. Therefore, we propose Option 2. In addition, Option 2 helps to save the testing time/effort since it skips two out of four tests. Moreover, Option 2 is simpler in that it is readily applicable to any channel bandwidth (whereas Option 1 may end up with channel bandwidth larger than or equal to 5 MHz, as in the ACS and in-band blocking requirements). Lastly, it is consistent with what was agreed for NC-4C-HSDPA. 
· Proposal 3: The in-gap test should be skipped, regardless of the gap length (Option 2). 
*********************************** End of the text proposal for TR 36.823***********************************
******************************* Start of the text proposal for TR 36.823 Annex A*******************************

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

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


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 7.8.1.1 for each component carrier while both downlink carriers are active. The wide band intermodulation requirements shall be supported for out-of-gap test only.
******************************* End of the text proposal for TR 36.823 Annex A*******************************

