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1
Introduction

It was brought up in previous RAN4 meetings that deployment scenarios for intra-band non-contiguous CA should also cover non-collocated scenarios [1-3], i.e., CA scenario 4 in [4]. In the non-collocated scenario, UE would experience timing and power difference between component carriers due to difference in propagation channel and delay. Given the shared LNA structure for intra-band non-contiguous CA agreed in RAN4 previously [5], it was argued that UE might experience performance degradation due to timing and power difference between the two CCs [6-8]. 
In this paper, we share some views on demodulation tests for non-collocated deployment of intra-band non-contiguous CA and propose some test scenarios for discussion. We also include some preliminary simulation results of the proposed test scenarios.
2
Discussion of the Problem
The single LNA structure for intra-band non-contiguous CA has the benefit of eliminating power reduction per CC due to splitting input signals into two different LNAs. The limitation of the structure, however, is that both CCs is controlled by the same gain control mechanism. In case of non-collocated deployment, the two carriers can have difference in both received signal power and timing. In the presence of different power levels of two CCs, AGC and ADC have to be designed so that the receiver has enough dynamic range to ensure signal quality of both the high power CC and low power CC. If timing difference is also present, the impact of AGC switching time also needs to be examined. Receiver gain control typically changes the LNA setting at fixed time, say at the beginning of every subframe during a CP. In this case, UE would experience a constant LNA gain over the entire subframe after CP removal. Constant LNA gain within a subframe can greatly simplifies the demodulation process as many functions, e.g., channel estimation, depend on the receiver gain setting. In the shared LNA architecture, UE would preferably change the LNA gain without interrupting UE demodulation process as well. However with timing difference up to 30.26us [9], gain setting within the CP of one carrier might happen outside the CP of the other carrier, thus causing potential performance degradation.
While the aforementioned scenario seems to be problematic for certain UE implementation, the performance impact varies depends on the implementation of LNA, ADC, AGC algorithms, as well as demodulation algorithms. The purpose of introducing a new demodulation test for NC CA with non-collocated deployment should be to ensure UE performance when the potentially challenging scenario happens instead of verifying the performance of certain UE implementations. Therefore we propose to steer our focus on defining a proper and meaningful test case and should not align results based on specific UE implementation.
Proposal 1: Design of gain control for intra-band non-contiguous CA is implementation specific. RAN4 should focus on defining a proper and meaningful test case and should not align performance based on specific UE implementation.
The RF in-band blocking requirements mandate UE’s performance when an in-band blocker exists. The existing in-band blocking requirements are sufficient for intra-band NC CA [10]. With this in mind, the purpose of the intra-band NC CA demodulation test should be to verify UE’s AGC and baseband performance with the presence of timing and power difference of 2 CCs. However in-band blocking requirements can be a reference to define power levels of the two CCs.
Proposal 2: The purpose of the intra-band NC CA demodulation test is to verify UE’s AGC and baseband performance with the presence of timing and power difference.
3
Test Case Design
To create a test to verify UE performance under the worst case scenarios of non-collocated deployment, the test should have large power and timing difference between two CCs. To create a potentially challenging scenario, PCell can be set at high power so that UE sets receiver gain mostly based on PCell power. In the meantime, UE also receives PDSCH from a lower power SCell. If AGC changes setting based on PCell, UE might experience sudden power change in some symbols of SCell after CP removal. The channel model corresponding to the high power carrier should have faster fading, potentially triggering larger and more frequent LNA gain changes. In terms of modulation level, higher order modulation like 16QAM or 64QAM is more sensitive to gain changes and should be considered for the SCell PDSCH. However if higher order modulation needs higher received power, thus reducing the power difference between CCs. 
It is also important to set the power difference between 2 CCs properly. It was proposed to derive the power difference using the RF in-band blocking requirements [11]. Note that the in-band blocking requirements are based on QPSK and AWGN channel, and the demodulation test should not create a scenario more stringent than the in-band blocking requirements. Furthermore, the in-band blocking requirements depend on the spacing between the interferer and the victim. If in-band blocking requirements are used to derive the power difference, Case 1 in-band blocking (5MHz gap) can be used in order to cover more intra-band non-contiguous CA cases. It is also important to specify that a minimum gap between carriers is required for this test to be applicable to certain IB NC CA scenario.
Proposal 3: Specify a minimum gap between carriers, e.g., 5MHz, for the IB NC CA demodulation test with non-collocated deployment
Suppose that SCell is the victim carrier and PCell is the interferer in in-band blocking requirements. SCell power would be -97 dBm + 6 dB = -91 dBm and PCell power would be -56 dBm, if we derive the power from in-band blocking requirements (cf. Section 7.6.1, 36.101). These power levels correspond to 35 dB power difference. However if we use higher order modulations and fading channel, SCell power needs to be significantly higher because signal power for in-band blocking requirement is defined for QPSK with AWGN channel at roughly -2 dB SINR. Based on Test number 15 in Table 8.2.1.1.1-2 in 36.101, SCell power would need to be about -71 dBm to get 70% of max throughput if 64QAM ¾ and a fading channel like is used. If 16QAM ½ is used, roughly 7 dB SINR is needed to get 70% of max throughput, based on Test 6 in Table 8.2.1.1.1-2 in 36.101. SCell power can be down to about -82 dBm in order to get 7 dB SINR, giving 26dB power difference between CCs.
Proposal 4: Use an in-band blocking test to set the power of PCell and SCell. SCell power should be increased due to the use of higher MCS level and fading channel
To choose a proper fading channel for the test purpose, we examine the CDF curves of the incoming signal power difference between two consecutive subframes. The larger the power difference, the more stress the test puts on UE. As can be expected, Figure 1 shows higher Doppler creates large power fluctuation in both EPA and EVA channels, while EPA 200 Hz gives the largest power fluctuation. Figure 2 shows that the distribution 1x2 antenna configuration is a bit wider than 2x2 antenna configuration. 
Although EPA 200Hz gives the largest power fluctuation, UE with this high speed (120 km/h at 1.8 GHz) won’t stay in small cell coverage for long and therefore the potential problem becomes a corner case. With this in mind, EPA 70Hz is a more suitable option for this test case.
Proposal 5: Use EPA 70Hz channel and 1x2 low antenna correlation for the test
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Figure 1: CDF of Rx signal power change between 2 consecutive subframes with 1x2 low antenna configuration
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Figure 2: CDF of Rx signal power change between 2 consecutive subframes with 1x2 or 2x2 antenna configurations
To summarize the discussion, we propose the following test parameters.
	Parameter
	Unit
	PCell
	SCell

	Downlink power allocation
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	dB
	0
	0
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	dB
	0
	0

	
	(
	dB
	0
	0

	Maximum Es at antenna port of PCell
	dBm
	-56 dBm
	-82 dBm

	Bandwidth
	MHz
	20
	5
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at antenna port
	dBm/15kHz
	TBD
	TBD

	MCS
	
	OCNG
	16QAM ½ or 64QAM ¾ 

	Maximum number of HARQ transmission
	
	1
	4

	Redundancy version coding sequence
	
	0
	0

	PDSCH transmission mode 
	
	1
	1

	Information bit payload
	
	
	28336 (16QAM ½) or 61664 (64QAM ¾) for all subframes except 5

	Timimg relative to PCell
	us
	0
	30.26

	Channel model
	
	EPA 70
	EPA 70

	Antenna configuration
	
	1x2 low
	1x2 low


Table 1: Simulation assumptions for IB NC CA demodulation test
3
Simulation
Based on the simulation assumption in Table 1, throughputs using 16QAM ½ and 64QAM ¾ are simulated and shown in Figure 3. It is seen that there is almost no performance difference between 0 timing offset and 30.26 us timing offset. 

Proposal 6: Define the non-collocated IB NC CA demodulation test with 30.26 us timing difference between PCell and SCell
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Figure 3: Throughput simulation with the assumption in Table 1
4
Conclusion

We examine the potential issue of IB NC CA with non-collocated PCell and SCell deployment and discuss how to make a demodulation test meaningful and realistic. Based on our findings, we generate simulation assumptions in Table 1 and have the following proposals for further discussions in RAN4.

Proposal 1: Design of gain control for intra-band non-contiguous CA is implementation specific. RAN4 should focus on defining a proper and meaningful test case and should not align performance based on specific UE implementation.
Proposal 2: The purpose of the intra-band NC CA demodulation test is to verify UE’s AGC and baseband performance with the presence of timing and power difference.

Proposal 3: Specify a minimum gap between carriers, e.g., 5MHz, for the IB NC CA demodulation test with non-collocated deployment.

Proposal 4: Use an in-band blocking test to set the power of PCell and SCell. SCell power should be increased due to the use of higher MCS level and fading channel.
Proposal 5: Use EPA 70Hz channel and 1x2 low antenna correlation for the test.
Proposal 6: Define the non-collocated IB NC CA demodulation test with 30.26 us timing difference between PCell and SCell. 
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