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1
Introduction
In this contribution, we provide some aspects on methodology for requirements and testing of the image rejection performance of a UE performing intraband adjacent carrier aggregation. As previously discussed it is important especially if retuning of UE LO when the SCell is deactivated is not allowed (Or not feasible considering throughput requirement) then the E-UTRA network deployment and RRM strategies should ensure that the PCell is the stronger cell. In this context stronger means having the highest RSSI so such strategies would also need to take into account possible load imbalance between the two carriers.
In order to facilitate the introduction of efficient network strategies and deployments which mitigate any possible problem due to CA images, it is important that different UE implementations have a predictable RF image rejection performance. This is discussed in more detail in [1]. It was also proposed in [1] and [2] that an image rejection ratio (IRR) of 25dBc would be a suitable target point for the specifications although this is not a decision of RAN4 and it would be beneficial to obtain further views.
2
Requirement Methodology
As the transmit IQ image performance is specified in 36.101 table 6.5.2.3.1-1, we think it makes sense to specify the receive IQ image for carrier aggregation in 36.101 chapter 7. However, one important difference is that unlike the transmit waveform, the receive signal cannot be directly measured.

Considering the desirability to have a testable requirement. one way of doing the testing is indirectly via a throughput requirement for PCell which could be specified with a slightly stronger SCell present and configured. The SCell may be either activated or deactivated but the critical measurement is the throughput of the weaker cell. The remainder of this contribution discusses how the throughput requirement may be derived.
As a starting point, we suggest taking certain UE demodulation tests in 36.101 chapter 8.2.1.1 (single antenna port performance) and generating a corresponding IRR throughput requirement which can be included in chapter 8 of 36.101 (demodulation  requirements). We have also developed a corresponding CR [3]. It seems necessary to verify IRR at a point away from RX sensitivity so that thermal noise can be neglected in the analysis.
Regarding the selection of tests from chapter 8.2.1.1, we think that it makes most sense to test the IRR performance of the UE with 64QAM modulation on the PCell. This already limits the set of candate demodulation tests from test 9-15, which have SNR in the range of 16.7 – 19 dB. Moreover, in view of the decision [4] that supported channel bandwidths should be hard coded in RAN4 specifications to minimise testing effort, it is probably sufficient to limit BW  configuration to 10MHz and 20MHz as likely BW which would be used for intraband carrier aggregation, at least in release 10. This eliminates tests 9 (3MHz) and 10 (5MHz). Perhaps test 14 (15MHz) also does not need to be considered if IRR will be tested with 10MHz and 20MHz CC bandwidth since it is an intermediate point.
Next we consider TX correlation matrices. Since the desire is to test internal UE receiver imperfection we think it makes sense to consider only the low correlation case, and so test 13 is not a candidate(high 1x2 correlation matrix). Tests for UE categories 1 &2 are also perhaps of less interest for CA although this could be discussed further. This leaves then tests 11,12 and 15 which are shown in table 1
Table 1: Some possible base tests for image rejection requirement (FDD)
	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	11
	10 MHz
	R.7 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.7
	2-5

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1

	12
	10 MHz
	R.7 FDD
	OP.1 FDD 
	ETU70
	1x2 Low
	70
	19.0
	2-5

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	18.1
	1

	15
	20 MHz
	R.9 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.6
	3-5

	
	20 MHz
	R.9-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.3
	2

	
	20 MHz
	R.9-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1


A very similar approach can be taken for TDD and possible base tests are shown in table 2.

Table 2: Some possible base tests for image rejection requirement (TDD)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	11
	10 MHz
	R.7 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	17.6
	2-5

	
	10 MHz
	R.7-1 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	17.6
	1

	12
	10 MHz
	R.7 TDD
	OP.1 TDD
	ETU70
	1x2 Low
	70
	19.1
	2-5

	
	10 MHz
	R.7-1 TDD
	OP.1 TDD
	ETU70
	1x2 Low
	70
	19.1
	1

	15
	20 MHz
	R.9 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	17.7
	3-5

	
	20 MHz
	R.9-2 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	17.7
	2

	
	20 MHz
	R.9-1 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	17.7
	1


The next consideration is on the noise from the RF image. The base UE demodulation requirements all use Noc at the antenna port of -98dBm/15kHz. The SNR tabulated in the test cases is defined by
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When deriving an image rejection test some, or all of the AWGN power would be replaced by noise from the RF image. In general, if we assume that all sub-carriers on the RF image are transmitted with the same power then the SNR can be theoretically represented by 
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As a numerical example, if we assume 25dBc image rejection ratio, and fix the SCell 
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 per antenna port at -70dBm/15kHz and assume wanted SNR of 19.1dB (the most demanding test in terms of SNR) and no AWGN this could be obtained  by setting the PCell 
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per antenna port at -75.9dBm/15kHz. In other words, the receiver may be able to cope with a power imbalance of approximately 5.9dB between PCC and SCC. If Noc  is also used in the requirement at -98dBm/15kHz then the PCell 
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per antenna port needs to be increased to -74.1dBm/15kHz to give 19.1dB SNR. We think it might make sense to use no AWGN in the image rejection requirement so that the maximum power difference between PCell and SCell can be verified. It should also be noted that these numerical results are in line with the previous link level simulations in [1] whch indicated that Pimbalance,max = 6dB seems feasible assuming 25dBc image rejection performance.
If resource elements are transmitted with different power, then the analysis is more complicated as outlined in [5] and an image per subcarrier consideration is needed, but it may be better to define the test with equal power across the entire bandwidth.

Following this approach for all the base tests in table 1 and table 2 gives the following possible test configurations (assuming no AWGN). It is important to note that the throughput requirement applies only to the PCell (weaker cell) and is not a combined throughput requirement (assuming both PCell and SCell are active). Meeting the performance on the stronger cell should be rather straightforward since it will be experiencing a much better SNR.
As far as verifying the requirement, it would probably make sense to ensure that both PCell and SCell are active which guarantess that the UE receiver is configured to the maximum bandwidth, although the core requirement could be applicable to the case of deactivated SCell also. However, we assume that the testing will be done with the same reference channel and OCNG pattern on both the PCell and the SCell, with the test system measuring throughput on the PCell only.
Table 3: Possible Pcell and Scell setting (FDD)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
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	Fraction of Maximum

Throughput (%)
	SNR (dB)
Note : SNR is detemined by IRR and not setable
	
	

	11
	10 MHz
	R.7 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	[70]
	17.7
	[-77.3]

	[-70]


	12
	10 MHz
	R.7 FDD
	OP.1 FDD 
	ETU70
	1x2 Low
	[70]
	19.0
	[-76.0]
	[-70]

	15
	20 MHz
	R.9 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	[70]
	17.6
	[-77.4]

	[-70]


Table 4: Possible Pcell and Scell setting (TDD)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
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	Fraction of Maximum

Throughput (%)
	SNR (dB)
Note : SNR is detemined by IRR and not setable
	
	

	11
	10 MHz
	R.7 TDD
	OP.1 TDD 
	EVA5
	1x2 Low
	[70]
	17.6
	[-77.4]

	[-70]


	12
	10 MHz
	R.7 TDD
	OP.1 TDD 
	ETU70
	1x2 Low
	[70]
	19.1
	[-75.9]
	[-70]

	15
	20 MHz
	R.9 TDD
	OP.1 TDD 
	EVA5
	1x2 Low
	[70]
	17.7
	[-77.3]

	[-70]


4
Conclusion
The purpose of this contribution has been to develop a methodology for specifying image rejection performance of a UE for intraband adjacent carrier aggregation. A correspondiong CR for 36.101 is given in [3].
The wider context of this work is that we feel it is necessary to agree such a requirement in order to have a meaningful discussion on glitches and retuning for intraband CA RRM. If image rejection performance of the UE is specified then consistent minimum UE performance can be expected, and a basis is available for considering what network RRM strategies and deployment scenarios are feasible for intraband CA. Thus we would see agreement on this kind of requirement as an important part of the way forward on retuning and possible glitches. 

There are still possible power consumption benefits to allowing retuning. We believe  it is outwithin the scope of 3GPP specifications to directly mandate that no retuning can be performed for deactivated SCell, since it is an implementation detail. On the other hand, the impact to PCell reception when an SCell is activated or deactivated (including RRM measurements without gaps of the deactivated SCell) needs to be limited to ensure the good operation of  the UE when the SCell is deactivated.
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