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1
Introduction
In the last RAN4 meeting #52, it was raised that the present demodulation performance tests don’t always cover low UE categories. It was proposed that additional low rate reference measurement channels (RMCs) should be defined [1-3]. To make progress on this issue, this contribution provides initial simulation results.

2
Discussion
The additional low rate RMCs proposed in [2, 3] were shown in Table 1. Figure 1-10 present throughput vs. SNR curves in order to verify whether the same requirements as the current values should be applicable or not. The throughput is normalized by the maximum throughput (BLER = 0). In partial RB allocation scenarios, such as T2.3, T1.8, T1.9, T1.10, T2.4, and T2.5, we evaluated the throughput performance for both localized allocation and distributed allocation in order to investigate frequency diversity effects. Table 2 summarizes the SNR values for requirements.
Table 1 

	Test number
	Bandwidth 
	Reference Channel
with 
OP.1 FDD
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[1.5]
	10 MHz
	[R.3 FDD]
	EVA5
	1x2 Low
	70
	6.7
	2-5

	
	5 MHz
	[R.3-1 FDD]
	EVA5
	1x2 Low
	70
	6.7
	1

	[1.6]
	10 MHz
	[R.3 FDD]
	ETU70
	1x2 Low
	30
	1.4
	2-5

	
	5 MHz
	[R.3-1 FDD]
	ETU70
	1x2 Low
	30
	1.4
	1

	[1.7]
	10 MHz
	[R.3 FDD]
	ETU300
	1x2 High
	70
	9.4
	2-5

	
	5 MHz
	[R.3-1 FDD]
	ETU300
	1x2 High
	70
	9.4
	1

	[2.3]
	5 MHz
	[R.6 FDD]
	EVA5
	1x2 Low
	70
	17.4
	2-5

	
	5 MHz
	[R.6-1 FDD]
	EVA5
	1x2 Low
	70
	17.4
	1

	[1.8]
	10 MHz
	[R.7 FDD]
	EVA5
	1x2 Low
	70
	17.7
	2-5

	
	10 MHz
	[R.7-1 FDD]
	EVA5
	1x2 Low
	70
	17.7
	1

	[1.9]
	10 MHz
	[R.7 FDD]
	ETU70
	1x2 Low
	70
	19.0
	2-5

	
	10 MHz
	[R.7-1 FDD]
	ETU70
	1x2 Low
	70
	19.0
	1

	[1.10]
	10 MHz
	[R.7 FDD]
	EVA5
	1x2 High
	70
	19.1
	2-5

	
	10 MHz
	[R.7-1 FDD]
	EVA5
	1x2 High
	70
	19.1
	1

	[2.4]
	15 MHz
	[R.8 FDD]
	EVA5
	1x2 Low
	70
	17.7
	2-5

	
	15 MHz
	[R.8-1 FDD]
	EVA5
	1x2 Low
	70
	17.7
	1

	[2.5]
	20 MHz
	[R.9 FDD]
	EVA5
	1x2 Low
	70
	17.6
	3-5

	
	20 MHz
	[R.9-1 FDD]
	EVA5
	1x2 Low
	70
	17.6
	21 (*)

	
	20 MHz
	[R.9-2 FDD]
	EVA5
	1x2 Low
	70
	17.6
	12 (*)

	[7.1]
	10 MHz

16QAM 1/2
	[R.11 FDD]
	EVA5
	2x2 Medium
	70
	6.8
	2-5

	
	5 MHz

16QAM 1/2
	[R.11-1 FDD]
	EVA5
	2x2 Medium
	70
	6.8
	1


(*) R.9-1 should be Category 1 and R.9-2 should be Category 2. 
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Figure 1 T1.5 (R.3 FDD vs. R.3-1 FDD)
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Figure 2 T1.6 (R.3 FDD vs. R.3-1 FDD)
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Figure 3 T1.7 (R.3 FDD vs. R.3-1 FDD)
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Figure 4 T2.3 (R.6 FDD vs. R.6-1 FDD)
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Figure 5 T1.8 (R.7 FDD vs. R.7-1)
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Figure 6 T1.9 (R.7 FDD vs. R.7 FDD-1)
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Figure 7 T1.10 (R.7 FDD vs. R.7-1 FDD)
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Figure 8 T2.4 (R.8 FDD vs. R8-1 FDD)
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Figure 9 T2.5 (R.9 vs. R.9-1 vs. R9-2)
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Figure 10 T7.1 (R.11 vs. R.11-1)
	Test number
	Current RMC
	Proposed RMC (low rate RMC)
	

	
	SNR values
	Coding rate
	SNR values
	Coding rate
	

	T1.5
	5.0 dB
	0.51
	5.1 dB
	0.52
	0.1 dB

	T1.6
	-0.1 dB
	0.51
	-0.1 dB
	0.52
	0 dB

	T1.7
	8.1 dB
	0.51
	8.0dB
	0.52
	-0.1 dB

	T2.3 
	15.4 dB
	0.75
	18.1 dB (Localized)

18.1 dB (Distributed)
	0.86
	2.7 dB
2.7 dB

	T1.8
	15.3 dB
	0.74
	15.7 dB (Localized)
	0.78 (16 RBs)
	0.4 dB

	
	
	
	15.9 dB (Distributed)
	0.77 (15 RBs)
	0.6 dB

	T1.9
	17.5 dB
	0.74
	18.3 dB (Localized)
	0.78 (16 RBs)
	0.8 dB

	
	
	
	17.8 dB (Distributed)
	0.77 (15 RBs)
	0.3 dB

	T1.10
	16.7 dB
	0.74
	17.2 dB (Localized)
17.1 dB (Distributed)
	0.78 (16 RBs)
0.77 (15 RBs)
	0.5 dB
0.4 dB

	T2.4
	15.7 dB
	0.76
	15.9 dB (Localized)
15.5 dB (Distributed)
	0.78
	0.2 dB
-0.2 dB

	T2.5 (R. 9-1)
	15.4 dB
	0.75
	15.6 dB (Localized)

16.2 dB (Distributed)
	0.78
	0.2 dB

0.8 dB

	T2.5 (R. 9-2)
	15.4 dB
	0.75
	16.0 dB (Localized)
	0.77
	0.6 dB


Findings are summarized below:
· No difference was observed in T1.5, T1.6, and T1.7 (coloured by black)
· Big difference was observed in T2.3, because the coding rate difference was quite large (coloured by red)
· Small difference was observed in the other scenarios (coloured by blue)
· Distributed allocation doesn’t always improve the performance. This behaviour might be an effect of the autocorrelation function in the frequency domain of the channel model.

· Coding rate difference would play a bigger role, compared to the frequency diversity effects, which implies that re-simulation would be required if the coding rate difference is large.

Based on the analysis, we proposed the following way forward:

· For 1.5, 1.6, and 1.7, no simulation work is needed.

· For the other scenarios, re-simulation work is needed.

· Localized allocation should be used for partial RB allocation to simplify the tests.

3
Conclusions
This contribution provided simulation results for additional low rate reference measurements channels for low UE categories. Our proposed way forward is as follows:

· For 1.5, 1.6, and 1.7, no simulation work is needed.

· For the other scenarios, re-simulation work is needed.

· Localized allocation should be used for partial RB allocation to simplify the tests.
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