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1
Introduction

Two potential test purposes were identified previously for the intra-band non-contiguous CA demodulation tests [1]. The first purpose is to ensure performance in Scell due to the LNA gain switching at Pcell SF boundaries with timing offset between PCell and SCell. It was agreed in RAN4 that a demodulation test will be created to serve this test purpose and simulation assumptions were agreed for further study [2].
The second test purpose is to guarantee the performance on the lower power CC in the presence of higher power CC as a blocker. In RAN4#70bis, a way forwarded to describe test scenarios and test parameters was drafted but not agreed. Meanwhile it was agreed in another WF that RAN4 will only define new demodulation tests with power imbalance between received non-contiguous intraband carriers [3].
In this contribution, we provide our simulation results for test purpose 1 based on [2] and propose values for the undefined test parameters. We also provide our considerations for test purpose 2, following discussions in previous RAN4 meetings. 
2
Discussion and simulation on NC CA demodulation test with timing offset
Received power fluctuation between consecutive subframes is the reason for UE to change AGC setting. Larger and more frequent power fluctuation trigger more abrupt and frequent changes in AGC setting. While it’s possible to create extreme scenarios with frequent LNA switching, it is also important not to test unrealistic scenarios. With this in mind, simulation assumptions in [2] were agreed and listed in Table 1 below. The current open issues are
1. Whether the combination of 6 dB power imbalance and EPA200 channel can create enough power fluctuation and trigger sufficient LNA switching to verify potential performance impact of the weaker cell.

2. Whether the performance of both PCell and SCell should be verified.

3. MCS levels of SCell, and PCell if it’s going to be verified as well.

As shown in our previous contribution [4], we demonstrated that distribution of power fluctuation between consecutive subframes depends on the power imbalance between two carriers, given that the propagation channels corresponding to the two carriers are independent. With EPA200 in the simulation assumption, the power fluctuation is simulated and shown in Figure 1 with different power imbalance.
	Parameter
	Unit
	PCell
	SCell

	Duplex mode
	
	FDD
	FDD

	Bandwidth
	MHz
	10
	10

	PDSCH transmission mode 
	
	TM3
	TM3

	Propagation channel
	
	EPA 200
	EPA 200

	PDSCH PRBs
	
	50
	50

	Correlation and antenna configuration
	
	2x2 low
	2x2 low

	Downlink power allocation
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at antenna port
	dBm/15kHz
	-98
	-98

	SNR
	dB
	[6] dB higher than SCell (8:2:32)
	2:2:26

	MCS
	
	20/21/22/23
	18/19/20

	Maximum number of HARQ transmission
	
	4
	4

	Redundancy version coding sequence
	
	{0,0,1,2}
	{0,0,1,2}

	Information bit payload
	bit
	
	

	Timing relative to PCell
	μs
	0
	[-30.26]


Table 1: Simulation assumptions for IB NC CA demodulation test
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Figure 1: Distribution of power fluctuation with different power imbalance between component carriers

It is observed from Figure 1 that a 6 dB power imbalance will increase 90 percentile power fluctuation to 2 dB. Increasing the power imbalance to 12 dB will further increase the power fluctuation but not by much. However we will demonstrate later that a 12 dB power imbalance will make it impossible to reasonably test the performance of both component carriers. With EPA200 and 6 dB power imbalance, we think it’s a well-balanced test scenario which triggers sufficient changes in AGC setting while not being too unrealistic.

Simulated throughputs of PCell and Scell based on Table 1 are shown in Figure 2 and 3 respectively. Pcell throughputs are simulated without timing offset while SCell throughputs are simulated with either no timing offset or -30.26 us timing offset. It is beneficial to test both PCell and SCell to make sure that UE does not sacrifice the performance of one CC for the performance of another. However it can be tricky to choose proper MCS levels and test points for both CCs. 
If we look at 70% of maximum throughput of SCell, the required SNR for MCS 18 is about 16 dB. For PCell, the SNR would be 22 dB. After adding implementation margin, the required SNR becomes more than 23 dB which may become challenging to create in real test environment and should be avoided. Note that if 12 dB power imbalance is used, SNR of PCell will be 6 dB higher, making PCell testing even more difficult. We suggest using 60% of the maximum throughput with MCS 18 for SCell. The corresponding SNR is about 14 dB, leaving us enough room to verify PCell performance in a more reasonable SNR region. With this in mind, 70% of maximum throughput with MCS 21 can be used to verify PCell performance. To summarize, we have the following proposals.
Proposal 1: The power of PCell should be 6 dB power higher than SCell
Proposal 2: Performance of both CCs should be verified
Proposal 3: PCell performance should be verified using MCS 21 with 70% of the maximum throughput

Proposal 4: SCell performance should be verified using MCS 18 with 60% of the maximum throughput. Additionally SCell has -30.26us timing offset relative to the PCell.
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Figure 2: Throughput of PCell with different MCS
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Figure 3: Throughput of Scell with different MCS and timing offsets

3
Discussion on NC CA demodulation with large power imbalance
It was discussed in RAN4 for several meeting cycles regarding whether a demodulation test should be introduced to guarantee the performance on the lower power CC using 64QAM in the presence of higher power CC as a blocker [5]. Several test parameters and scenarios were discussed including
1. Bandwidth combinations: both 10+5 MHz or 15+5 MHz

2. Gap between CCs: 10 MHz or 5 MHz

3. MCS: 20 (64QAM)

4. Channel model: fading or AWGN

5. Transmission mode: TM3 (rank 2)

6. Blocker carrier (5 MHz CC) power: -25 dBm
The above test setup is somewhat similar to the RF in-band blocking test but the blocker carrier has much higher power (-25 dBm) than the interference power (-44 dBm with 10 MHz gap and -56 dBm with 5 MHz gap) of the in-band blocking tests. If fading channels are applied, the maximum power can go even higher than -25 dBm. This high input power can lead to IP2 issues, which make it hard to predict the impact of RF imperfection on demodulation performance. The TX leakage and the -25dBm interferer can also generate an intermodulation product on the RX frequency, if the distance from RX1 to RX2 is the same as from RX2 to the TX. The severity of such RF imperfection can vary depending on each particular intra-band non-contiguous CA configuration. Therefore a demodulation test designed to serve this test purpose can only be applied to an intra-band NC CA configuration after careful examination. This makes the test band-dependent and RAN4 should first discuss whether this is the way to go or there is other solution.
Proposal 5: Discuss whether band-dependent demodulation tests should be introduced in Section 8 of 36.101.
4
Conclusion

For intra-band non-contiguous CA demodulation test with timing offsets, our proposals are in the following.
Proposal 1: The power of PCell should be 6 dB power higher than SCell
Proposal 2: Performance of both CCs should be verified

Proposal 3: PCell performance should be verified using MCS 21 with 70% of the maximum throughput

Proposal 4: SCell performance should be verified using MCS 18 with 60% of the maximum throughput. Additionally SCell has -30.26us timing offset relative to the PCell.
For intra-band non-contiguous CA demodulation test purpose 2, we propose
Proposal 5: Discuss whether band-dependent demodulation tests should be introduced in Section 8 of 36.101.
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