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1 Background
The aim of the power imbalance test is to verify the RX IQ image rejection performance specified to 25 dBc in 36.101 Clause 7.10 [1]. In this contribution we consider the test coverage for the case, and conclude that this test case is not needed.
2 Verifying the RX IQ image

The RX IQ image is implicitly verified in the SDR test. Figure 1 shows the throughput for the FDD SDR test case 4 for non-CA with 20 MHz bandwidth as a function of the input SNR for RX IQ image rejections in the range 23-30 dBc with all receiver impairments considered. The results for the different image rejections are shown relative to a “no impairment” results that assumes an ideal radio but with realistic channel- and noise-estimation. Remark that the RX IQ image rejection is not the only radio impairment.
We observe that the input SNR required for meeting the 85% test point increases to very high values if the image rejection is not sufficient: up to 25 dB input SNR for a 23 dB image rejection. The core requirement of 25 dBc requires an input SNR of 22.5 dB. Hence, unless the core requirements of the RX IQ image rejection is not met, there is a risk that a device under test can not achieve the 85% TP required for the SDR. Therefore, the RX IQ image is implicitly verified in the SDR test and there is no need to specify a power-imbalance test if verification of the RX IQ image is the aim.
Now, for CA operation with 20 + 20 MHz the results will be similar using a wide receiver, with additional impairments such as the effect of possible frequency errors of the CC to be considered, which makes the fulfillment of the RX IQ image even more critical. 
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Figure 1: SDR test with throughput for different RX IQ image rejections.
3 The power imbalance test from a deployment perspective

If the aim of the proposed test configuration for the power-imbalance test is to verify system performance under a specific user scenario, it is relevant to review the proposed use cases for carrier aggregation. However, none of the likely scenarios listed in 36.300 is relevant for the proposed scenario. A power-imbalance test would be relevant for the RRH scenario #4 and intra-band CA, but this would require an imbalance > 6 dB and non-static channels to be meaningful.
The most likely carrier-aggregation scenarios of those listed in 36.300 are
1. intra-band, F1 and f2 in same operating band (Case #1)
2. inter band, F1 and f2 different operating bands (Case #2)
3. inter band, F1 and f2 different operating bands (Case #3)
4. inter band, F1 and f2 different operating bands (Case #4)
5. inter band, F1 and f2 different operating bands (Case #5)
Recognizing that there may be exceptions to these, we consider each of these in turn. 
The proposed test case can 
· not be relevant for Case #1 since co-site and same antenna

· not be relevant for Case #2, the likely scenario is inter-band, and not intra-band since the path loss is different (assuming use of the same antenna and the same output power per CC)
· be relevant for Case #3 if intra-band, but this is not considered a likely scenario. The test case corresponds to reception in the vicinity of the eNB: SNR = 20 dB for the wanted signal and flat channel
· be relevant for Case #4 if intra-band, but the test case does not represent a likely scenario for the SNR level chosen. A more likely case is e.g. 10+10 MHz for macro and RRH/pico deployment but then 25 dB may not be enough and much larger dynamics due to path-loss differences should be considered
· not be relevant for case #5: frequency-selected repeater so an inter-band scenario (similar to Case #2).
This leaves two scenarios for the proposed test case: Case#3 for intra-band CA in the vicinity of the eNB where measurements on secondary carriers are less likely. For Case #4 and intra-band CA, then 25 dBc implies a limitation if the path-loss difference is large between the CC. However, this would not change if the actual value happens to be e.g. 23 dBc in violation with the core requirement. But then there is a risk that the SDR test will fail due to an excessive SNR requirement at the input as shown above.
4 Proposal

The RX image is implicitly tested for SDR test (UE functionality: minimum performance) and test configuration does not represent a realistic scenario (verification of system performance). Hence there is not need to add a further test, which reduces test count.

If intra-band contiguous CA in a macro and pico/RRH scenario (Case #4) is considered a common user scenario, we recommend a study of a case with larger dynamic range, larger power differences and different channel profiles.
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Annex A: excerpt from 36.300
Table J.1-1: CA Deployment Scenarios (F2 > F1).

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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