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pCR 45.820 NB-CIoT – Uplink coverage evaluation
Introduction

This document provides some new text for the NB-CIoT candidate solution in the Technical Report relating to the Uplink Coverage Evaluation. This document is based on the discussion paper GPC150393 that was first presented at FS_IoT_LC_Telco#12.
Proposed text for the TR
	Start of Changes


7.3.6
Concept evaluation
7.3.6.1
Coverage evaluation
7.3.6.1.1
Network synchronization

Note to Editor: This section will be defined in a separate pCR document.
7.3.6.1.2
Uplink synchronization

Uplink time of arrival (ToA) is estimated by the base station receiver to correct the timing of the uplink bursts prior to symbol demodulation. 

The initial ToA estimation for a given MS is performed by the base station using the pilot symbols contained in the uplink burst corresponding to the random access request from the device. The pilot patterns for Class-1 and Class-2 uplink transmissions are defined in subclause 7.3.3.1.3.5.
7.3.6.1.2.1
Simulation settings

Simulations are performed to evaluate the performance of the initial ToA estimation as described in subclause 7.3.3.2.1. 
The burst duration (for a single repetition) is 40ms which corresponds to the required burst size for the random access request. The other simulation assumptions are shown in Table 7.3.6.1.2-1.

Table 7.3.6.1.2-1: Simulation assumptions

	Simulation Parameters
	Values

	Carrier (MHz)
	900

	Symbol rate (kHz)
	3.75

	Burst length
	40ms

	Antenna
	1T2R

	Channel model
	TU

	Residual frequency error (Hz)
	±45

	Frequency drift (Hz/s)
	±22.5

	Doppler (Hz)
	1

	FEC
	1/3 Turbo

	Modulation
	GMSK for Class-1
π/2-BPSK for Class-2


7.3.6.1.2.2
Simulation results

Figure 7.3.6.1.2-1 shows the initial ToA estimation performance for Class-1 and Class-2 uplink transmissions at -5.7 dB SNR, which corresponds to the target 164 dB coupling loss for 20 dB coverage extension. MCS-1 is used for the random access request in this simulation. 

Figure 7.3.6.1.2-2 shows the initial ToA estimation performance at a higher SNR for which MCS-5 is selected. The SNR is set to 1.1 dB for Class-1 and 0.5 dB for Class-2 due to the slightly different operating points of the two classes of modulation. Note that MCS-5 is the typical MCS used for random access requests for the coverage classes corresponding to both normal coverage and +10dB coverage extension. 
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Figure 7.3.6.1.2-1: ToA performance at SNR = -5.7 dB
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Figure 7.3.6.1.2-2: ToA performance at SNR = 1.1 dB for Class-1, SNR = 0.5 dB for Class-2
From Figure 7.3.6.1.2-1, it can be seen that a timing error of less than 1/8th symbol (equivalent to 4 samples in the simulations, which use 32 samples per symbol) is achieved with greater than 99% probability at an SNR of -5.7 dB, which corresponds to 164 dB coupling loss. 

From Figure 7.3.6.1.2-2, it can be seen that a timing error of less than 1/8th symbol is achieved with greater than 98% confidence at the higher SNR associated with an MCS-5 burst, even though no repetitions are used in this case. 

7.3.6.1.3
Random access request

7.3.6.1.3.1
Simulation settings

The link-level random access performance is evaluated according to the methodology specified in subclause 5.7 and the simulation assumptions in Annex C.  In the simulations of false detection rate, thermal noise is applied at the input to the receiver. 
MCS-0 and MCS-1 are evaluated for the random access request transmission, and both Class-1 and Class-2 uplink modulation classes are considered. The code block size (CBS) is set to 40 bits (including 8 bits CRC) which corresponds to the required burst length for the random access request.
The configurations of the bursts for random access request used in the simulations are listed in Table 7.3.6.1.3-1. 

Table 7.3.6.1.3-1: Evaluated burst configurations for random access request

	Case
	Uplink Class
	Modulation
	Bonding factor
	Repetition factor
	CBS (bits)
	MCS

	1
	Class-1
	GMSK
	1
	16
	40
	MCS-0

	2
	Class-1
	GMSK
	1
	8
	40
	MCS-1

	3
	Class-2
	π/2-BPSK
	1
	16
	40
	MCS-0

	4
	Class-2
	π/2-BPSK
	1
	8
	40
	MCS-1


7.3.6.1.3.2
Simulation results

The simulation results are shown in Table 7.3.6.1.3-2 in terms of false detection rate. It can be seen that the false detection rate for the random access request in the NB-CIoT system is very low in all the simulation cases: for all the 4 cases there were no false detections within 1000000 realizations.
Table 7.3.6.1.3-2: False detection rate for random access request
	Case
	1
	2
	3
	4

	False detection rate
	Smaller than 0.001%
	Smaller than 0.001%
	Smaller than 0.001%
	Smaller than 0.001%


7.3.6.1.4
Downlink data and control channels 

Note to Editor: This section will be defined in a separate pCR document.
7.3.6.1.5
Uplink data and control channels 

7.3.6.1.5.1
 Simulation settings
Coverage performance is derived for UL-SCH (for both Class-1 and Class-2 modulation classes) according to the coverage improvement evaluation methodology described in subclause 5.1 and the common simulation assumptions described in Annex C.

Some candidate solution specific simulation assumptions are listed in Table 7.3.6.1.5-1. 

The target BLER is 10%, in accordance with the similar assumption used for deriving the reference MCL of 144 dB for legacy GPRS. The data rate for UL-SCH is calculated at this target BLER.

Table 7.3.6.1.5-1: Simulation assumptions for coverage performance evaluation

	Parameter
	Value

	Timing error
	Randomly chosen from two values: +1/8 symbol and -1/8 symbol

	Uplink frequency error
	See the frequency error model in Table C.1 and the frequency error parameters in the following rows

	F_est_error
	±45 Hz

	T_inactive
	40 ms

	Frequency hopping
	Disabled


The burst configurations for each channel are listed in Table 7.3.6.1.5-2.

Table 7.3.6.1.5-2: Burst configurations for MCL calculations

	Channel
	Burst size at the SAP to the SNDCP
	Modulation
	Repetition Factor
	Burst length (ms)
	Block duration
(ms)
	MCS

	UL-SCH, Class-1
	85 bytes1
	GMSK
	3
	920
	2760
	MCS-3

	UL-SCH, Class-2
	85 bytes1
	π/2-BPSK
	3
	840
	2520
	MCS-3

	Note 1: The UL-SCH burst size corresponds to an 85 byte exception report (20 byte uplink application payload as defined in Annex E2.1 and 65 bytes for the higher layer headers assuming no IP header compression).


7.3.6.1.5.2
 Simulation results
The MCL calculation for each channel is summarized in Table 7.3.6.1.5-3. It can be seen that the uplink data channels provide an MCL of at least 164 dB, and so a coverage extension of 20 dB is achieved by the uplink data channels relative to legacy GPRS which has an MCL of 144 dB. Furthermore, the uplink data channels comfortably achieve the required throughput of 160 bps at the top of the (equivalent of) SNDCP layer.

Table 7.3.6.1.5-3: MCL calculations for uplink data channels

	
	PUSCH
Class-1
	PUSCH
Class-2

	
	UL-SCH
	UL-SCH

	Transmitter
	
	

	(1) Total Tx power (dBm)
	23
	23

	Receiver
	
	

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

	(3) Receiver noise figure (dB)
	3
	3

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-135.3
	-135.3

	(7) Required SINR (dB)
	-7
	-7

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-142.3
	-142.3

	(9) Rx processing gain (dB)
	0
	0

	Maximum coupling loss
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	165.3
	165.3

	Data rate at the SAP to the SNDCP (bps) 
	246.4
	269.8

	Note 1: The uplink TX power of +23 dBm is considered to be more appropriate for most low cost MSs than the maximum allowed TX power of +33 dBm. The PA efficiency of Class-2 using +23 dBm uplink TX power is expected to be lower than for Class-1, due to the non-constant envelope property of the Class-2 modulation.

Note 2: The Rx processing gain is reflected in “Required SINR” (for example, the receiver diversity gain in the uplink).

Note 3: The data rates at the SAP to the SNDCP are derived for UL-SCH Class-1 according to 85×8/2.76 = 246.4 bps, and for UL-SCH Class-2 according to 85×8/2.52 = 269.8 bps, based on the exception report payload size of 85 bytes and the corresponding block durations from Table 7.3.6.1.5-2. 


7.3.6.1.5.3
 Conclusions

It has been shown that the target MCL of 164 dB can be met by the uplink data channels, which implies a coverage extension of 20 dB compared with legacy GPRS. Also, all data channels comfortably achieve the required throughput of 160 bps at the top of the (equivalent of) SNDCP layer. In addition, a very low false detection rate is ensured for random access requests.
Therefore, the objectives of the study in terms of coverage performance are achieved for uplink channels.

Furthermore, the required coverage performance is achieved with a MS transmit power of only +23 dBm. This MS transmit power is 10 dB lower than the maximum MS transmit power allowed by the study item of +33 dBm, but is considered to be more appropriate for the large majority of MSs due to the lower instantaneous current draw from the battery.

7.3.6.1.5.4

Annex: BLER for selected uplink burst configurations

In this subclause, the BLER is provided for selected uplink burst configurations that are relevant for energy consumption and latency analysis. Table 7.3.6.1.5-4 shows results for 144 dB coupling loss, Table 7.3.6.1.5-5 shows results for 154 dB coupling loss, and Table 7.3.6.1.5-6 shows results for 164 dB coupling loss.

Table 7.3.6.1.5-4:  BLER for selected uplink burst configurations at coupling loss = 144 dB

	Message type
	PHY burst size 
(bytes)
	Channel
	MCS, CBS
	Modulation
	Rep Factor 
(or bond)
	Burst length (ms)
	Block Duration (ms)
	BLER

	UL random access
	5
	UL-SCH
	5, 0
	GMSK
	1
	40
	40
	0.01%

	UL data 
(short report)
	50 + 15 + 5 
= 70
	UL-SCH
	9, 3
	GMSK
	x8 bond
	40
	40
	5.6%

	UL data 
(medium report)
	95 + 10 
= 105
	UL-SCH
	9, 5
	GMSK
	x8 bond
	60
	60
	5.5%

	UL data 
(long report)
	200 + 15 + 5 
= 220
	UL-SCH
	9, 11
	GMSK
	x8 bond
	120
	120
	4.9%

	UL ACK of DL data (MAC layer ACK)
	5
	UL-SCH
	8, 0
	GMSK
	x4 bond
	10
	10
	1.7%


Table 7.3.6.1.5-5:  BLER for selected uplink burst configurations at coupling loss = 154 dB

	Message type
	PHY burst size 
(bytes)
	Channel
	MCS, CBS
	Modulation
	Rep Factor
	Burst length (ms)
	Block Duration (ms)
	BLER

	UL random access
	5
	UL-SCH
	5, 0
	GMSK
	1
	40
	40
	3.2%

	UL data 
(short report)
	50 + 15 + 5 
= 70
	UL-SCH
	6, 7
	GMSK
	1
	320
	320
	9.7%

	UL data 
(medium report)
	95 + 10 
= 105
	UL-SCH
	6, 11
	GMSK
	1
	480
	480
	8%

	UL data 
(long report)
	200 + 15 + 5 
= 220
	UL-SCH
	6, 23
	GMSK
	1
	960
	960
	3.5%

	UL ACK of DL data (MAC layer ACK)
	5
	UL-SCH
	5, 0
	GMSK
	1
	40
	40
	3.2%


Table 7.3.6.1.5-6:  BLER for selected uplink burst configurations at coupling loss = 164 dB

	Message type
	PHY burst size 
(bytes)
	Channel
	MCS, CBS
	Modulation
	Rep Factor
	Burst length (ms)
	Block Duration (ms)
	BLER

	UL random access
	5
	UL-SCH
	1, 0
	GMSK
	8
	40
	320
	7.5%

	UL data 
(short report)
	50 + 15 + 5 
= 70
	UL-SCH
	3, 15
	GMSK
	3
	640
	1920
	3.3%

	UL data 
(medium report)
	95 + 10 
= 105
	UL-SCH
	3, 22
	GMSK
	3
	920
	2760
	0.8%

	UL data 
(long report)
	200 + 15 + 5 
= 220
	UL-SCH
	4, 47
	GMSK
	2
	1920
	3840
	4.8%

	UL ACK of DL data (MAC layer ACK)
	5
	UL-SCH
	1, 0
	GMSK
	8
	40
	320
	7.5%


	End of Changes
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