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1
Introduction

A way forward on intra-band NC CA demodulation test cases was agreed in RAN4#70 [1]. Two potential test purposes were identified in the WF:

· Purpose 1: Ensure performance in Scell due to the LNA gain changing on Pcell SF border but with timing offset in SCell. 
· Purpose 2 FFS: To guarantee the performance on the lower power CC in the presence of higher power CC as a blocker, for low SNR (QPSK performance) as well as high SNR (64QAM performance) cases.
In the paper, we will have further discussion on these two potential test purposes and as well as test scenarios and configurations to serve purpose 1. Finally we make proposals on the test setup of the intra-band non-contiguous CA demodulation test.
2
Discussion of the Test Purposes
In RAN4#70, the group agreed to create a demodulation test to serve test purpose 1, where UE experiences different timing offset between Pcell and Scell and therefore possible LNA gain change in the middle of the useful part of a OFDM symbol. This scenario can potentially cause UE performance degradation so a demodulation test should be created to ensure UE performance. The rest of the work now is to find a scenario where large LNA gain change can occur between subframes and investigate UE demodulation performance under such scenario. We will show our study on this in the next section.
As for test purpose 2, it is basically the same as the test purpose of in-band blocking tests in Section 7.6 of 36.101. The only difference is that current in-band blocking tests always use QPSK while test purpose 2 also requires 64QAM at a high SNR case. This test purpose is to ensure proper design and performance of the RF front end at UE Rx, such as certain image rejection ratio, etc. To serve this purpose, the test needs to be set up in a way that the power imbalance between CCs is very large. Like the in-band blocking test, the maximum power difference between CCs depends on the bandwidth of the CCs as well as the amount of frequency separation between CCs. It would require multiple demodulation tests covering different bandwidths, frequency separation, and power imbalance. Unlike existing demodulation tests, a band agnostic test is not sufficient to serve this test purpose and potentially a large number of new tests would need to be introduced. Given these consideration, we propose
Proposal 1: The purpose of the intra-band NC CA demodulation test is to verify test purpose 1 of the agreed way forward (R4-141120). Test purpose 2 should be served by an RF in-band blocking test.
3
Test Case Design
To design a meaningful demodulation test for test purpose 1, it is desirable to find a scenario where LNA gain can change more dramatically between subframes. It is also important to have a substantial amount of timing offset between CCs in the test so that LNA gain can change in the middle of OFDM symbols of a CC. Because of the single LNA architecture, the LNA gain depends on the total power received from both CCs. With this in mind, the amount of Rx power fluctuation between subframes would depend on the following factors:
1. Channel fading speed

2. Channel delay spread mode
3. Channel correlation between 2 CCs

4. Power imbalance between 2 CCs

In [2], we demonstrated that the EPA channel gives larger power fluctuation than the EVA channel, so EVA is assumed in subsequent simulation and analysis.
Due to the single LNA structure, channel relation between 2 CCs is going to affect how power fluctuates between two consecutive subframes. Figure 1 and 2 show the CDF of power fluctuation given either full correlation or zero correlation between 2 CCs. It is seen that power fluctuation reduces when the channels between two CCs are independent compared to the case when the channels between two CCs are identical. Although channels between CCs should be highly correlated if both CCs are collocated, the correlation should be very low in non-collocated deployment scenarios. To make the test more realistic, it’s recommended to use independently generated channels for two CCs even though it gives less power fluctuation.
As for fading speed, it was discussed [2] that UE with 200 Hz doppler (120 km/h at 1.8 GHz) would stay in a small cell coverage for only a short period of time. The potential problem, if any, due to single LNA becomes a corner case. Additionally 200 Hz Doppler doesn’t create much more power fluctuation than 70 Hz Doppler. With this in mind, EPA 70Hz is a more suitable option for this test case.
Regarding power imbalance between 2CC, if fully correlated channels are used, the power imbalance would not create any change in relative power fluctuation in dB between subframes. If channels of CCs are uncorrelated, higher power in PCell makes PCell more dominant in LNA setting and makes the distribution closer to the distribution of the full correlation case. Figure 3 shows the power fluctuation with power imbalance of 6 dB, 12 dB and 18 dB. To increase power fluctuation, a 6 dB power difference in the current power imbalance test for intra-band contiguous CA can be reused here in a band agnostic way.
Proposal 2: The following test parameters are proposed
· Independent propagation channels between CCs
· EPA 70 Hz channel model

· 6 dB higher power in PCell
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Figure 1: Full channel correlation between CCs







Figure 2: Zero channel correlation between CCs
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Figure 3: Distribution with difference power imbalance

3
Link Level Simulation
Link level simulation is performed using the simulation assumptions in Table 1 and simulation results are shown in Figure 4. From Figure 4, it is shown that demodulation performance with 0, +30.26us, or -30.26us timing offset is basically the same. Therefore it is feasible to introduce a demodulation test with maximum timing offset in inter-band CA scenarios, i.e., either +30.26us or -30.26us.
Proposal 3: Use a timing offset of either +30.26us or -30.26us in the intra-band non-contiguous CA demodulation test with non-collocated CCs.

	Parameter
	Unit
	PCell
	SCell

	Downlink power allocation
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	dB
	0
	0

	
	(
	dB
	0
	0

	Bandwidth
	MHz
	10
	10
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at antenna port
	dBm/15kHz
	TBD
	TBD

	MCS
	
	OCNG
	20

	Maximum number of HARQ transmission
	
	N/A
	4

	Redundancy version coding sequence
	
	0
	0

	PDSCH transmission mode 
	
	OCNG
	TM3

	Information bit payload
	
	
	22920x2 all subframes except 0 and 5

	Timimg relative to PCell
	us
	0
	0, +30.26, -30.26

	Channel model
	
	EPA 70
	EPA 70

	Antenna configuration
	
	2x2 low
	2x2 low

	SNR
	dB
	6 dB higher than SCell
	10:2.5:25


Table 1: Simulation assumptions for IB NC CA demodulation test
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Figure 4: Throughputs with different timing offsets between PCell and SCell
4
Conclusion

In this paper we evaluate the test purpose and test scenarios for the intra-band non-contiguous CA demodulation test with non-collocated CCs. Our proposals are summarized in the following.
Proposal 1: The purpose of the intra-band NC CA demodulation test is to verify test purpose 1 of the agreed way forward (R4-141120). Test purpose 2 should be served by an RF in-band blocking test.
Proposal 2: The following test parameters are proposed

· Independent propagation channels between CCs
· EPA 70 Hz channel model

· 6 dB higher power in PCell
Proposal 3: Use a timing offset of either +30.26us or -30.26us in the intra-band non-contiguous CA demodulation test with non-collocated CCs.
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