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1 Introduction
In RAN4#64 meetings the following agreement in [1] was made for the power imbalance test cases for intra-band CA. 
Agreed Way forward:

· B.1 channel model for SCell and co-channel interference are agreed for both test setup and alignment simulation.

· Using the agreed test setup above to simulate 19 dB SINR and see if 70% FDD and 80% TDD are acceptable.

· Interested companies can propose ways to further improve and stabilize the test by, for example, turning off HARQ.

From the results summary file attached in [1] it’s noticed even by modelling different image models such as AWGN, identity channel or B.1 channel the alignment curves still diverse a lot so it’s still very difficult to setup a proper test point for testing the image issue brought by the imbalanced power between CCs. In this contribution we further discuss the setup for both FDD and TDD tests, analysis the root cause of the throughput plateaus and propose the improvement for a better alignment. 

2 Analysis for the test 

The alignment results for FDD and TDD from [1] with AWGN image model are listed in Figure 1 and 2.
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Figure 1 FDD alignment results with AWGN image model
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Figure 2 TDD alignment results with AWGN image model

The difficulty of the test is the throughput has some error floors in the curves above for certain SNR ranges in both FDD and TDD tests. For both FDD and TDD the throughput stays flat around 15~17dB and 10~13dB which makes the test point at SNR=19dB only has 2dB range to select a good test point. Since the test applys very high code rate which is around 0.85~0.90 it’s very sensitive to different implementation or any impairment or frequency offset etc. Without any RF impairment the current alignments are not good enough to set up a propoer test point. Despite of the difference on the image models which have been seen with small impact on the alignment results the error floors are the key difficulty for finding a good test point for this test.
In Chapter 3 we provide some ideas on how to improve this test so that it’s easier to find a proper test point also with better alignment for testing purpose. In Chapeter 5 we give our preference and propose the way forward.
3 Improvement for the test
3.1 Option 1 HARQ disabled
The first impression of the throught error floor is due to the HARQ retransmissions. Since the code rate is quite high for the test it’s possible that during certain low SNR ranges by one transmission or non-full re-transmission the data packets can’t get CRC OK. So during certain SNR ranges some flat throughput curves can be seen depending on the number of the retransmissions.
Figure 3 and 4 give the simulation results for FDD and TDD with HARQ enabled and disabled. The current simulation are based on realistic channel estimation and 6% Tx EVM but with no RF impairment. The results show that HARQ disabled didn’t solve the error floor fully. For both FDD and TDD the differences between edge of the plateaus and 19dB test point are around 2dB for both HARQ_on and HARQ_off cases. The only difference for HARQ disabled is the plateaus happen at a much lower throughput but with the same SNR range.
From the results the root cause for such error floor is not due to the HARQ retransmissions so we wouldn’t recommad for this setup.
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Figure 3 Simulation results with HARQ disabled for FDD power imbalance test
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Figure 4 Simulation results with HARQ disabled for TDD power imbalance test

3.2 Option 2 Different FRC
From the shown results with HARQ disabled it didn’t help to remove the error floor in the throughput curves. But it is not normal to have throught curves with plateaus instead of waterfall. With some further investigation it is noticed that the error floor during certain SNR ranges is due to the unbalanced code rate on different subframes. 
In Table 1 and 2 the current FRC proposed in [2] are listed for FDD and TDD separately. For FDD test the code rate on subframes 1~4, 6~9 is 0.91 and on subframe 0 is 0.79 which ends up in an averaged code rate as 0.90. For TDD test the code rate on subframe 0 is 0.79, on subframes 1, 6 is 0.81 and on subframes 4, 9 is 0.91 which ends up in an averaged code rate as 0.85. By checking through the CRC of the data package when HARQ is disabled it’s observed that during certain SNR the subframes with higher code rate are always failing and with lower code rate it’s always passing. Until the SNR reaches certain point when the higher code rate subframes can also get CRC OK the throughput curves will keep flat.
Based on the observation a new setup with improvement on the unbalanced code rate is proposed also in Table 1 and 2. In order to avoid further confusion same setup is proposed for both FDD and TDD test. The new proposals in the FRC setting are 1) the number of the PDCCH symbols is increased from 2 to 3, 2) the MCS is one step less for subframes 1~4, 6~9 for FDD and for subframes 4, 9 for TDD. With such setup the averaged code rate is much better balanced comparing to before.
Table 1 Previous and new FRC proposal for FDD setup

	FRC
	Mod
	Mod Bits
	Avg. Code Rate
	Code rate
	Tx mode
	CpType
	Cell BW
[MHz]
	PDCCH symbols
	Calculated channel bits
	Info bits (TBS)
	Sub-frames
	3GPP ref
	Duplex

	R4-120537
	64QAM
	6
	0,90
	0,91
	1x2 SIMO
	Normal
	20
	2
	82800
	75376
	1,2,3,4,

6,7,8,9
	A.3.4.1-7
	FDD

	
	64QAM
	6
	
	0,79
	1x2 SIMO
	Normal
	20
	2
	80280
	63776
	0
	A.3.4.1-7
	FDD

	New proposal
	64QAM
	6
	0,85
	0,84
	1x2 SIMO
	Normal
	20
	3
	75600
	63776
	1,2,3,4,

6,7,8,9
	A.3.4.1-7
	FDD

	
	64QAM
	6
	
	0,87
	1x2 SIMO
	Normal
	20
	3
	73080
	63776
	0
	A.3.4.1-7
	FDD


Table 2 Previous and new FRC proposal for TDD setup

	FRC
	Mod
	Mod Bits
	Avg. Code Rate
	Code rate
	Tx mode
	CpType
	BW
[MHz]
	PDCCH symbols
	Calculated channel bits
	Info bits (TBS)
	Sub-frames
	3GPP ref
	Duplex

	R4-120537
	64QAM
	6
	0,85
	0,79
	1x2 SIMO
	Normal
	20
	2
	80712
	63776
	0
	A.3.3.1-7
	TDD

	
	64QAM
	6
	
	0,81
	1x2 SIMO
	Normal
	20
	2
	67968
	55056
	1,6
	A.3.3.1-7
	TDD

	
	64QAM
	6
	
	0,91
	1x2 SIMO
	Normal
	20
	2
	82800
	75376
	4,9
	A.3.3.1-7
	TDD

	New proposal
	64QAM
	6
	0,87
	0,87
	1x2 SIMO
	Normal
	20
	3
	73512
	63776
	0
	A.3.3.1-7
	TDD

	
	64QAM
	6
	
	0,91
	1x2 SIMO
	Normal
	20
	3
	60768
	55056
	1,6
	A.3.3.1-7
	TDD

	
	64QAM
	6
	
	0,84
	1x2 SIMO
	Normal
	20
	3
	75600
	63776
	4,9
	A.3.3.1-7
	TDD


Figure 5 and 6 show the results with the new proposed FRC. It can be seen that error floor in the throughput curves is not fully removed which is also due to not all the subframes with the same code rate but the differences between edge of the plateaus and 19dB test point are increased from 2dB to 4dB for FDD test and 5dB for TDD test. It indicates by using the new proposal the risk of the chosen test point ending up at the error floor range is much less than the previous FRC, especially for the TDD case.
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Figure 5 Simulation results with new FRC for FDD power imbalance test
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Figure 6 Simulation results with new FRC for TDD power imbalance test

3.3 Option 3 Fading channel
In case with all the setup under AWGN channel couldn’t come up with a good throughput curves or it’s still difficult to have alignment results with the proposed FRC with AWGN channel, an alternativecan be to use a fast fading channel for such intra-band CA test as shown in Figure 7. The static channel used for the current setup is to make sure the image from SCell to PCell are only coming from the carriers but when a fast fading channel such as EVA low is applied the fading impact on each carrier can be seen as psudeo random distribution so that during the whole bandwidth of PCell as 20MHz the fading impact can be ignored.
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Figure 7 Power imbalance illustration when having different propogation channels

Figure 8 and 9 provides the throughput results under EVA5 with low correlation for the channel. The curves for both FDD and TDD are quite smooth without any error floors as expected and also the 19dB test points are in the middle of the maximum throughput which can be taken as easier to have better alignment between companies.
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Figure 8 Simulation results with EVA5_low for FDD power imbalance test
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Figure 9 Simulation results with EVA5_low for TDD power imbalance test

4 Proposal for the test point with Option 2
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Figure 10 Normalized throughput curves for FDD power imbalance test
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Figure 11 Normalized throughput curves for TDD power imbalance test

Figure 10 and 11 show the normalized throughput curves for FDD and TDD test. In order to be comparible to the old FRC test point as 70% maximum throughput for FDD and 80% for TDD, and also with consideration on certain impairment margin based on it we propose to use 90% of the maximum throughput as the test point for the new FRC for both FDD and TDD.
5 Conclusions

In this contribution we make some fine analysis for the current power imbalance test cases and the observation for the key difficulty for such test is the error floor on the throughput curves which makes it impossible to set up a proper test point for a good alignment. Based on this observation instead of looking for compromise as loosing the imbalanced power between CCs we simulate 3 options to improve the test case itself.
Option 1: Disable HARQ retransmission.

Option 2: Use different FRC with AWGN channel.

Option 3: Use fast fading channel instead of static channel.

From the simulation results Option 2 and 3 can be considered as a better setup for the test. To simplify the change, we prefer to have Option 2 by only changing the FRC to the test. In case Option 2 still can’t get good alignment Option 3 can be further considered. In general we propose the way forward for the power imbalance test as below.
Proposal 1: Use new FRC as proposed in Table 1 and 2 and collect the alignment results for next meeting.

Proposal 2: By taking into account the impairment margin a test point around 90% of the maximum throughput can be considered as preliminary setup for both FDD and TDD with the new FRC.
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