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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) [1]. A narrow band M2M (NB-M2M) based solution was proposed in [2].
In this contribution, we discuss several points of the pulse shaping of NB-M2M solution.

2 Discussions
2.1 A Length of Root-Raised Cosine (RRC) Pulse Shape 
In the NB-M2M system, RRC filter is used for the pulse shaping filter. Since RRC filter has infinite support in the time domain, appropriate length of the RRC filter has to be chosen for the implementation.

[image: image1.png]6Ts

0.3

-3
RRC pulse shape with roll-off 0.22 (Ts=1/12000 sec)

-4

-5




Figure 1. RRC pulse shape with roll-off=0.22 (Ts=1/12000 sec)
The length of the RRC filter has the following impacts.
· The longer length of the RRC filter, the higher ACLR of NB-M2M can be achieved.
· The longer length of the RRC filter, the lower self-interference can be achieved.

· The longer length of the RRC filter, the more transmission energy is consumed due to the ramp-up and ramp-down period.
In [3], it is assumed that there is an additional guard band of 100kHz on each side of the NB-M2M signal. This amount of guard band is quite big portion compared to the NB-M2M system bandwidth 200kHz.

This guard band can be reduced depending on how higher ACLR of NB-M2M can be achieved in the signal design.
Though long length RRC pulse can achieve high ACLR, it might increase the transmission energy consumption because the NB-M2M MS cannot turn back to the sleep mode during the long length of ramp-up and ramp-down period.
According to section 3 in [4], 

ACLR of NB-M2M can be calculated as follows:

Table 1. ACLR (over the NB M2M channel bandwidth) of NB-M2M BS
	
	Length of RRC pulse (Ts = 1/12000, roll-off = 0.22)

	ACLRadj-x
	Ts
	6Ts
	8Ts
	10Ts

	ACLRadj-1
	12.65 dB
	33.26 dB
	37.45 dB
	42.21 dB

	ACLRadj-2
	23.72 dB
	47.01 dB
	50.68 dB
	56.47 dB

	ACLRadj-3
	26.33 dB
	51.59 dB
	54.68 dB
	60.23 dB


Table 2. ACLR (over the NB M2M channel bandwidth) of NB-M2M MS
	
	Length of RRC pulse (Ts = 1/3750, roll-off = 0.3)

	ACLRadj-x
	Ts
	6Ts
	8Ts
	10Ts

	ACLRadj-1
	13.65 dB
	36.46 dB
	42.59 dB
	45.94 dB

	ACLRadj-2
	24.04 dB
	48.98 dB
	57.70 dB
	68.50 dB

	ACLRadj-3
	26.11 dB
	53.05 dB
	61.86 dB
	75.07 dB


Observation 1: Since RRC pulse was not designed based on finite length in the time domain, truncated RRC pulse has impacts on the several performance metrics, e.g., ACLR, self-interference, transmission energy consumption. Thus, the length of the RRC pulse can affect to the simulation result for coexistence scenario, e.g., [3].
2.2 Roll-Off Factor of the RRC Filter
In the NB-M2M system, the roll-off factor of the RRC filter is given by 0.3 in the uplink case.
The roll-off factor impacts on the PAPR of the transmitted signal. Figure 2 from [5] shows the peak to mean envelope power ratio (PMEPR) when the length of RRC filter is given by 6Ts. 
To reduce the PMEPR of the NB-M2M MS, it might be better to use roll-off factor around 0.4 which provide about 1dB PMEPR gain compared to that of roll-off 0.3. However, this modification implies that the signal bandwidth of each channel is increased to 5.25 kHz (3.75 kHz * 1.4) which is greater than the channel bandwidth 5kHz.
When the length of the RRC filter is given, roll-off factor has the following impacts on the interference level.

· As roll-off factor increases, inter-channel interference (ICI) from the adjacent NB-M2M channel increases due to the growth of the leakage level from adjacent channel.
· As roll-off factor increases, inter-symbol interference (ISI) decreases because the truncated RRC filter approaches to the ideal RRC pulse thanks to the higher decay rate in the time domain from the roll-off factor increment as shown in the Figure 3.
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Figure 2. PMEPR simulation results for QPSK modulation [5]
[image: image3.png]6Ts

0.4

Roll-off

——Roll-off

0.16

0.14 -

012

UL Symbol index (Ts=1/3750 sec)




Figure 3. RRC pulse shape with roll-off = 0.3, 0.4 (Ts=1/3750 sec)
Under perfect synchronization, ideal channel, and whole uplink channel loading (total 36) with same received power, the signal-to-interference ratio (SIR) including both ICI and ISI are calculated and provided in Table 3.

Table 3. SIR results for roll-off = 0.3, 0.4

	
	Length of RRC pulse (Ts = 1/3750)

	Roll-off
	Ts
	6Ts
	8Ts
	10Ts

	Roll-off = 0.3
	20.06 dB
	30.70 dB
	39.16 dB
	36.49 dB

	Roll-off = 0.4
	21.25 dB
	35.18 dB
	34.02 dB
	39.43 dB


As shown in Table 3, increment of roll-off factor to 0.4 in uplink provides not only better PMEPR but also even better SIR except for the case of 8Ts filter length. Of course, this result does not imply that the RRC filter with roll-off 0.4 has better performance under asynchronous environment. 
Observation 2: It is necessary to clarify the effects of the roll-off factor with taking into consideration of the length of the pulse shape and further discussion is needed to decide the roll-off factor.
3 Conclusions
Based on the discussion of the pulse shaping in the NB-M2M solution, we have the following observations:

Observation 1: Since RRC pulse was not designed based on finite length in the time domain, truncated RRC pulse has impacts on the several performance metrics, e.g., ACLR, self-interference, transmission energy consumption. Thus, the length of the RRC pulse can affect to the simulation result for coexistence scenario, e.g., [3]. 
Observation 2: It is necessary to clarify the effects of the roll-off factor with taking into consideration of the length of the pulse shape and further discussion is needed to decide the roll-off factor.
Proposal: It is suggested that further clarification is necessary on the simulation assumption including pulse length and roll-off factor for the coexistence scenario of NB-M2M.
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