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1. Introduction
In [1]-[4], a low-density parity-check (LDPC) code is introduced as a forward error correction (FEC) scheme for Cellular Internet of Things (CIoT). This LDPC code supports all range of code rates and code block sizes with a single parity check matrix structure. The link-level performance of Turbo code described in 3GPP TS 36.212 [5] and that of the designed LDPC code are compared in [1]. For lower code rates than 1/3, the block error rate (BLER) performance of the LDPC code is better than the Turbo code with repetition by 0.4dB~1.1dB over GSM typical urban (TU) channel environment. For code rates 1/3 and 2/3, the performance of the LDPC code and the Turbo code are almost the same, and there is no performance degradation when the LDPC code is employed.  
CIoT devices may directly reduce the energy consumption by turning the transmit power down as much as coding gain obtained. However, the transmit power is basically fixed to 23dBm. In this case, the LDPC coding scheme enables higher PHY data-rate transmission to achieve the same level of error correction as the Turbo code does. This leads to the improvement in terms of latency and entire energy consumption. Some simulation results are provided to show the benefit of the LDPC codes.
NOTE: The code structure of LDPC code considered in this document is introduced in [1].
2. Performance Evaluation
Based on the simulation in [1], required code rates of the Turbo codes and the LDPC codes for the same BLER performance are evaluated. First, the BLERs of the Turbo code with conventional MCS indices (rate: 2/3, 1/3, 1/6, 1/9, 1/12, 1/24, and 1/48) are evaluated. Then, required code rates of LDPC codes to achieve the same BLER performance are obtained. Three code block sizes (CBSs) are considered: 70 bytes, 105 bytes and 220 bytes, where these CBSs are basic assumptions of the length of uplink report in [6]-[7]. 

Table 1. Required code rates of LDPC codes to achieve the same SNR@BLER=10-1 as Turbo code
	Turbo Code Rate
	CBS 70-Bytes (560 bits)
	CBS 105-Bytes (840 bits)
	CBS 220-Bytes (1760 bits)

	
	LDPC 

Code Rate
	Reduced # of bits
	Gain (%)
	LDPC 

Code Rate
	Reduced # of bits
	Gain (%)
	LDPC 

Code Rate
	Reduced # of bits
	Gain (%)

	2/3
	2/3
	-
	-
	2/3
	-
	-
	2/3
	-
	-

	1/3
	1/3
	-
	-
	1/3
	-
	-
	1/3
	-
	-

	1/6
	1/5.5
	280
	8.33
	1/5.5
	420
	8.33
	1/5.4
	1056
	10.00

	1/9
	1/7.9
	616
	12.22
	1/7.8
	1008
	13.33
	1/7.6
	2464
	15.56

	1/12
	1/10.3
	952
	14.17
	1/10.6
	1176
	11.67
	1/10.2
	3168
	15.00

	1/24
	1/20.5
	1960
	14.58
	1/20.5
	2940
	14.58
	1/20.2
	6688
	15.83

	1/48
	1/39.5
	4760
	17.71
	1/39
	7560
	18.75
	1/38.5
	16720
	19.79


3. Latency and Energy Consumption
In this subclause, we consider only a coupling loss of 164dB, since the low code rate (under 1/3) is required only for that case. Because the performance of the Turbo code and the LDPC code is almost the same for code rate 2/3 and 1/3, latency and energy consumption are also identical for the case of a coupling loss of 144dB/154dB.
3.1 Latency Evaluation 
First, latency for UL report is estimated based on the assumption in [6]. As assumed in [6], the code block size of 105 bytes (840 bits) is considered. According to the link-level results, the performance of rate-0.1282 LDPC code is identical to that of rate-1/9 Turbo code. This directly improves the latency performance. In Table 2, the expected code rate for a coupling loss of 164dB and corresponding transmission time are given. As a results, the LDPC coded modulation scheme results in latency improvement by 13.3%.
Table 2. Time to transmit exception report packet
	
	105-bytes Coupling Loss: 164 dB

	
	Turbo code
	LDPC code

	Expected Code Rate
	0.1111 (MCS index: 3)
	0.1282

	BLER (%)
	0.8
	0.8

	Transmitted Bits (bits)
	7560
	6552

	MS Reaction Time (ms)
	20
	20

	Transmission Time (ms)
	2760
	2392

	TUplinkData (ms)
	2780
	2412 (13.3% gain)


3.2 Energy Consumption
The battery life in year is estimated base on the assumption in [7]. The battery life is calculated by the evaluation methodology provided in subcaluse 5.4 in [8]. Two PUSCH packet sizes – 50 bytes (short data) and 200 bytes (long data) – are considered as assumed in [7]. 
Since the code rate of the LDPC code is higher than that of the Turbo code to achieve the same performance, transmission time for uplink report is reduced as shown in Table 3.
Table 3. Transmission time for uplink report (including TTL)
	Packet Size
	Transmission Time (ms) for Coupling Loss 164dB

	
	Turbo code
	LDPC code

	50 bytes (Short data)
	1920
	1685 (12.22% reduced)

	200 bytes (Long data)
	3840
	3456 (10% reduced)


Based on the transmission time for UL report in Table 3, battery life is estimated. Table 4 and Table 5 show the result for an integrated PA and that for an external PA, respectively.
Table 4. Battery life estimates with integrated PA
	Packet Size
& Reporting Interval
	Batter Life (Years) for Coupling Loss 164dB

	
	Turbo code
	LDPC code

	50 bytes, 2 hours
	2.3
	2.5 (8.7% gain)

	200 bytes, 2 hours
	1.5
	1.6 (6.67% gain)

	50 bytes, 1 day
	16.6
	17.3 (4.22% gain)

	200 bytes, 1 day
	12.6
	13.3 (5.56% gain)


Table 5. Battery life estimates with external PA
	Packet Size
& Reporting Interval
	Batter Life (Years) for Coupling Loss 164dB

	
	Turbo code
	LDPC code

	50 bytes, 2 hours
	2.4
	2.6 (8.3% gain)

	200 bytes, 2 hours
	1.6
	1.7 (6.25% gain)

	50 bytes, 1 day
	17.2
	17.8 (3.49% gain)

	200 bytes, 1 day
	13.2
	13.6 (3.03% gain)


4. Conclusions

In this document, we discussed the performance gain of the LDPC code in terms of both latency and energy consumption. The key conclusions are as follow:
Observation: It is observed that LDPC coding scheme in the CIoT systems is beneficial in terms of latency and energy consumption.
Proposal: It is proposed to employ the LDPC coded modulation scheme in the candidate CIoT solutions.
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