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1. Introduction
 In RAN4 #64bis, there were further discussions on how to determine test point for CA power imbalance test based on collected simulation results from various companies. As pointed out in [1], existing fixed reference channel (FRC) has the problem that code rates are different between subframes and throughput curve is too close to 19dB SNR. In the meeting, it was agreed to further evaluate different FRC options listed in WF [2]. In this contribution, we provide simulations results for different FRC options and our view on how to determine test points. 
2. FDD Simulation results
 According to the analysis in [1], throughput plateau is caused by huge code rate difference between SFs. In case of FDD, code rate of SF 0 is 0.79 while all other PDSCH SFs have code rate of 0.91. It’s crucial to remove or minimize code rate difference to get rid of the throughput plateau. Evaluated FDD FRC options are summarized in table 1 along with existing FRC. Option 1 is same as existing FRC except that SF 0 is excluded from PDSCH transmission. This allows same code rate over all PDSCH SFs. Option 2 provides reduced code rate by increasing control channel symbols from 2 to 3 and equalize the code rate by putting same TBS in SF 0 and other SFs. 
Figure 1 shows FDD simulation results for two newly proposed FRC options. First observation is that we still see throughput plateau when HARQ retransmission is enabled. This indicates that, in case of FDD, code rate difference is not the only cause of throughput plateau. Throughput plateau can be completely removed if we disable HARQ retransmission.  Another observation is that the performance gap between FRC option 1 and FRC option 2 is around 2dB at 80% peak throughput and gap is widened at lower throughput. This gap is larger than what we can expect from capacity formula as shown in table 2. SNR gap between code rate 0.91 and 0.85 would be 1.12dB if there is no other impairment. However, existence of other RF impairment and implementation imperfection, especially 6% EVM assumed in the simulation, observed SNR gap is much larger than what code rate reduction allows. 
Table 1. FDD FRC options for CA power imbalance test

	
	Mod bits
	Avg. code rate
	Code rate
	Cell BW [MHz]
	PDCCH symbols
	Channel bits
	Info bits (TBS)
	Scheduled subframes

	existing FRC
	6
	0.90
	0.91
	20
	2
	82800
	75376
	1,2,3,4,

6,7,8,9

	
	6
	
	0.79
	20
	2
	80280
	63776
	0

	Option 1
	6
	0.91
	0.91
	20
	2
	82800
	75376
	1,2,3,4,

6,7,8,9

	Option 2
	6
	0.85
	0.84
	20
	3
	75600
	63776
	1,2,3,4,

6,7,8,9

	
	6
	
	0.87
	20
	3
	73080
	63776
	0


Table 2. Theoretical SNR gap between FDD option 1 and option 2

	code rate
	spectral efficiency (bits/Hz)
	required SNR (linear)
	required SNR (dB)

	0.91
	5.46
	40.02
	16.34

	0.85
	5.10
	33.30
	15.22


[image: image1.emf]10 11 12 13 14 15 16 17 18 19 20

0

10

20

30

40

50

60

70

80

90

100

CINR (dB)

throughput (% relative to peak throughput)

FDD power imbalance test

 

 

option 1, HARQ enabled

option 1, HARQ disabled

option 2, HARQ enabled

option 2, HARQ disabled


Figure 1. FDD simulation results with different FRC options  
3. TDD simulation results
Table 3 summarizes FRC options evaluated for TDD CA power imbalance test. 
Table 1. TDD FRC options for CA power imbalance test

	
	Mod bits
	Avg. code rate
	Code rate
	Cell BW [MHz]
	PDCCH symbols
	Channel bits
	Info bits (TBS)
	Scheduled subframes

	existing FRC
	6
	0.85
	0.79
	20
	2
	80712
	63776
	0

	
	6
	
	0.81
	20
	2
	67698
	55056
	1, 6

	
	6
	
	0.91
	20
	2
	82800
	75376
	4, 9

	Option 1
	6
	0.84
	0.87
	20
	3
	73512
	63776
	0

	
	6
	
	0.81
	20
	3
	67968
	55056
	1, 6

	
	6
	
	0.84
	20
	3
	75600
	63776
	4, 9

	Option 2
	6
	0.91
	0.91
	20
	2
	82800
	75376
	4, 9

	Option 3
	6
	0.84
	0.84
	20
	3
	75600
	63776
	4, 9
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Figure 2. TDD simulation results with different FRC options  

Option 2 is same as existing FRC except that PDSCH is transmitted only in normal SF, i.e., SF 4 and 9. Option 3 is same as option 2 in that PDSCH is scheduled in only SF 4 and 9. However, code rate is slightly reduced by reducing TBS and at the same time increasing number of control channel symbols. In option 1, PDSCH scheduled in all available DL SFs but code rate difference is reduced by both adjusting TBS size and number of control channel symbols. 

Figure 2 shows throughput simulation results with newly proposed TDD FRC options. We can observe that throughput plateau is now at 50% with option 2 and option 3 and at 60% with option 1. Similar to FDD, we can still see throughput plateau due to HARQ retransmission at 50% peak throughput. Also, the performance gap of 2dB is observed between option 2 and other FRC options.  

4. Discussion on test point selection

 Even with new FRC options, it is still quite tough to determine good test points for CA power imbalance test. The difficulty lies in the fact that

· Throughput curve is steep around 70~80% peak throughput since test is run in AWGN channel. 

· Throughput requirement cannot be lower than the plateau value. 
· Removing plateau by disabling HARQ retransmission does not help since it will also make the curve steeper and leave us similar SNR region we can move around. 
· Throughput curve with highest code rate is too close to 19dB. 

· SNR gap between highest code rate and the next lower code rate is larger than 2dB, which is too large to accommodate alignment and/or implementation margin.
One obvious solution to overcome the problem is to run the test in fading channel. As shown in Figure 3, in fading channel, the throughput curve is smooth around 19dB and no plateau is observed.  Thus we can easily determine test point as long as reasonable alignment can be achieved among companies. 
Proposal 1: Consider running test in fading channel in case good FRC option cannot be found.  

Another method to accommodate test margin is to adjust power imbalance level. Even though 6dB power imbalance is a value determined after long debate, deviating from 6dB by fractional dB would not defeat purpose agreed value.
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Figure 3. FDD simulation result in fading channel
Proposal 2: Run test in AWGN channel with FDD FRC option 1 and TDD FRC option 2 and accommodate implementation margin with by adjusting power imbalance level. 
5. Conclusion 
In this contribution we provided simulation results for different FRC options agreed in last meeting. Our proposal to determine the test points are either
Proposal 1: Consider running test in fading channel in case good FRC option cannot be found.  

or

Proposal 2: Run test in AWGN channel with FDD FRC option 1 and TDD FRC option 2 and accommodate implementation margin with by adjusting power imbalance level. 

We recommend to take these results and the proposal into account in the definition of the performance requirements.
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