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[bookmark: _Ref409106980]Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see  [1]. The study is open to both a non-legacy based design, and/or a backward compatible evolution of GSM/EDGE.
In [2] and [3], a solution based on narrowband LTE (NB-LTE) with 200 kHz system bandwidth is proposed for Ultra Low Complexity and Low Throughput Internet of Things. In this contribution, the performance of the downlink control channel in a NB-LTE system is evaluated. The downlink control channels in NB-LTE are known as M-PDCCH and M-EPDCCH. The detailed description of M-PDCCH and M-EPDCCH are provided in [4].
Evaluation results
Evaluation methodology and assumptions
The evaluation methodology as detailed in section 5.1 of [5] is fully adopted. The assumptions used in our evaluation are the same as those given in Table C.1 and D.1 of [5]. The relevant parameters from these two tables are included below for easy reference. 
Table 1: Assumptions for link level simulations.
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz with model for Doppler spectrum taken from [6]

	Interference/noise
	Sensitivity

	Antenna configuration
	BS: 1T2R
MS: 1T1R

	Frequency Error
	Randomly chosen from [-50, 50] Hz (see [5])

	BS transmit power per 200KHz (dBm)
	43 

	MS transmit power (dBm)
	23 dBm

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3

	MS Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0



The control information block consists of 48 bits and a 16-bit CRC, giving a total of 64 bits. 
[bookmark: _Ref426224877]M-PDCCH performance
In the following we evaluate the performance of three M-PDCCH configurations that target different coverage enhancement levels (basic, robust, extreme). The three configurations primarily differ with respect to the coding rate and the number of repetitions, as shown in Figure 1.
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[bookmark: _Ref426382728]Figure 1 : M-PDCCH configurations for basic, robust and extreme coverage modes
In the “basic” coverage mode the control block of 64 bits is first encoded to give 144 bits. With QPSK modulation, this gives 72 symbols, which are then mapped to the 12 resource elements of every 2nd and 3rd OFDM symbol of 3 subframes within the M-subframe. Thus, the transmission time is 3 ms, which is equal to one half of a single M-subframe. 
For “robust” coverage mode, the control block is encoded to give 288 bits and mapped to 144 QPSK symbols. These are then mapped to 12 resource elements of every 2nd and 3rd OFDM symbol of all subframes within the M-subframe. This configuration is then repeated two times, resulting in a transmission time of two M-subframes (12 ms). For “extreme” coverage mode, the control block is encoded to 576 bits and then mapped to the two OFDM symbols of every subframe within two M-subframes. This is then repeated 8 times, resulting in a transmission time of 96 ms (16 M-subframes). Note that a single repetition of the control block for extreme coverage uses two M-subframes and occupies 24 OFDM symbols.
These numbers as well as other configuration parameters are listed in Table 2. The repetition level means the number of times that a codeword is repeated in the total transmission time interval. 
[bookmark: _Ref426141796][bookmark: _Ref426219218]Table 2: Summary of the three example configurations for M-PDCCH.
	
	Basic coverage mode
	Robust coverage mode
	Extreme coverage mode

	Coding scheme
	Conv. Code
	Conv. Code
	Conv. Code

	Code rate
(per repetition)
	0.44
	0.22
	0.11

	modulation
	QPSK
	QPSK
	QPSK

	# repetition
	1
	2
	8

	# OFDM Symbols (per M-subframe)
	12
	12
	12

	Total transmission time
	3 ms ( M-subfr.)
	12 ms (2 M-subfr.)
	96 ms (16 M-subfr.)

	Effective data rate
	21.33 kbps
	5.33 kbps
	666.67 bps



The performance of the three M-PDCCH configurations is shown in Figure 2. The SNR required for achieving 10% block error rate (BLER) is used in the MCL calculation presented in Table 3. The MCL calculation methodology is according to table 5.1-1 of [6].
[image: ]
[bookmark: _Ref426143554]Figure 2: M-PDCCH performance according to the three configuration examples for basic, robust, and extreme coverage modes.








[bookmark: _Ref426143612]Table 3: M-PDCCH MCL calculation
	Logical channel name
	M-PDCCH (extreme)
	M-PDCCH (robust)
	M-PDCCH (basic)

	Data rate (kbps) 
	0.667
	5.33
	21.33

	Transmitter
	
	
	

	(1) Tx power (dBm)
	43
	43
	43

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180,000
	180,000
	180,000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)[footnoteRef:1] [1: ] 

	-6
	3.5
	10

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-112.9
	-106.4

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	165.4
	155.9
	149.4



M-EPDCCH performance
Here, we evaluate the performance of three M-EPDCCH configurations for the different coverage enhancement levels (basic, robust, extreme). The resource mapping for the different M-EPDCCH configurations is given in Figure 3. The first 3 OFDM symbols are not used for M-EPDCCH because they carry M-PDCCH for NB LTE and other signals for legacy LTE users. 
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[bookmark: _Ref426382879]Figure 3 : M-EPDCCH Configurations for basic, robust and extreme coverage modes
In the “basic” coverage mode, the control block of 64 bits is first encoded to give 120 bits, which are then modulated by QPSK to 60 symbols and then transmitted within a single subframe. For “robust” coverage mode, the control block is encoded to give 240 bits and mapped to 120 QPSK symbols. These are then assigned to all the available resource elements within a subframe. This subframe is then repeated 4 times, resulting in a transmission time of 4 ms. For “extreme” coverage mode, the control block is encoded to 960 bits and mapped to 480 QPSK symbols which occupy 4 consecutive subframes. This basic structure is then repeated 12 times, resulting in a transmission time of 48 ms. The detailed configuration parameters for the different coverage modes are listed in Table 4. 
[bookmark: _Ref426379685]Table 4: Summary of the three example configurations for M-EPDCCH.
	
	Basic coverage mode
	Robust coverage mode
	Extreme coverage mode

	Coding scheme
	Conv. Code
	Conv. Code
	Conv. Code

	Code rate
(per repetition)
	0.533
	0.267
	0.067

	modulation
	QPSK
	QPSK
	QPSK

	# repetition
	1
	4
	12

	# OFDM Symbols (per subframe)
	5
	11
	11

	Total transmission time
	0.5 ms
	4 ms 
	48 ms 

	Effective data rate
	128 kbps
	16 kbps
	1.33 kbps



The performance of the three M-PEDCCH configurations is shown in Figure 4. The SNR required for achieving 10% block error rate (BLER) is used in the MCL calculation presented in Table 5. The MCL calculation methodology is according to table 5.1-1 of [6].
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[bookmark: _Ref426383116]Figure 4: M-EPDCCH performance according to the three configuration examples for basic, robust, and extreme coverage modes.
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Table 5: M-EPDCCH MCL calculation
	Logical channel name
	M-EPDCCH (extreme)
	M-EPDCCH (robust)
	M-EPDCCH (basic)

	Data rate (kbps) 
	1.33	
	16
	128

	Transmitter
	
	
	

	(1) Tx power (dBm)
	43
	43
	43

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180,000
	180,000
	180,000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)[footnoteRef:2] [2: ] 

	-6
	4
	12

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-122.4
	-112.4
	-104.4

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	165.4
	155.4
	147.4



Conclusion
In this contribution the performance of downlink control channels in an NB-LTE system is analyzed based on link level simulations. Simulations are conducted according to the methodology described in [6]. We see that in NB-LTE, the downlink control channels meet the MCL target of 164 dB. 
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