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1 Introduction
A new Rel-15 work item “Even further enhanced MTC for LTE” [1]as approved in RAN#75. 
The objective is to specify the following improvements for machine-type communications for BL/CE UEs.

New requirements:

•
Lower UE power class [RAN4 lead, RAN2]
During #82bis, it is agreed [2] to update the MPR for the low output power CAT-M1/M2 UE. In this paper, the MPR value is recommended based on the MPR simulation for low output power CAT-M2 UE.
2 Discussion
2.1 Background
In [2], the emission requirement for the low output power ( P=14dBm [3] ) is agreed to re-use the LTE legacy requirement. in this simulation, legacy LTE ACLR and SEM requirement is used to evaluate the PA back off power for CAT-M2 low output power device.
The NB index for different band is illustrated in Figure 1. The most critical scenario is when the uplink resource is allocated at the edge of the system channel. For example,  the NB0 to NB3 at left or NB12 to NB 15 at right for system channel of 20 MHz.
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Figure 1: NB allocation for different system bandwidth

Observation #1: For system bandwidth >=10MHz, and system bandwidth 3MHz, there are 1 or 2 PRB could be used as guard band in additional to the agreed system bandwidth (10%) [6]
2.2 MPR Simulation 
The PA is calibrated for ACLR compliance with 1 dB back-off, other parameter setting is listed below:

Counter-IM3 : 60 dB, 
IQ image : -25 dB 
LO leakage of -25 dBc
The RIV for the PUSCH allocated resource is specified in [4] and [5] for BL/CE UE, for system bandwidth higher than 10MHz, the NB index =0 to 3 is used for uplink resource allocation in simulation.
2.2.1 MPR result

The PA back off power is shown in Figure 1 and 2 with different RB offset and consecutive RBs. The SEM is not problem so not showed here. 
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Figure 2: MPR for 16 QAM modulation of system bandwidth 5 MHz
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Figure 3: MPR for 16 QAM modulation of system bandwidth 10 MHz

Observation #2: UTRAN ALCR1 is most critical requirement which set the required MPR value

Observation #3: MPR value related to the RB offset and only be needed for specific RB offset

Observation #4: MPR will not be needed when the NB index start between 1 or 11 for 20MHz channel. The same for NB index start between 1 or 7 for 15MHz channel, for NB index start between 1 or 3 for 10MHz channel
2.2.2 Mirrored scenario 
Since the simulation is based on the leftmost scenario, the mirrored scenario of uplink resource allocation on the rightmost scenario need to be considered when deriving the requirement. Here the only consideration is the NB index and RB start position for the concerned MPR configuration. In Figure 4, it is shown that if MPR is needed for Lcrb=15 with (NBindex, RB start) = (0,0), The same MPR should be applied for the rightmost scenario with a (NBindex, RB start) = (4, 9) for 10 MHz system channel bandwidth. Table 1 gives mroe examples to map (NB index, RB start) from the leftmost allocation to rightmost counterpart for different Lcrb according to RIV rule in [4][5].
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Figure 4: Mirrored scenario for Lcrb= 15 for a leftmost allocation to rightmost allocation



Table 1: (NB index, RB start) mapping for Lcrb= 15, 18 and 24
	 

Lcrb
	 

RB offset
	10MHz (NB index, Rbstart)
	15MHz (NB index, Rbstart)
	20MHz (NB index, Rbstart)

	
	
	Leftmost
	rightmost
	Leftmost
	Rightmost
	leftmost
	rightmost

	15
	[0,3,6,9]
	(0,0)
	(4,9)
	(0,0)
	(8,9)
	(0,0)
	(12,9)

	18
	[0,3,6]
	(0,0)
	(4,6)
	(0,0)
	(8,6)
	(0,0)
	(12,6)

	24
	0
	(0,0)
	(4,0)
	(0,0)
	(8,0)
	(0,0)
	(12,0)


2.3 MPR suggestion
Table 2: Maximum Power Reduction (MPR) for Power Class 6
	Modulation
	Channel bandwidth / (NBindex,RBstart) / Transmission bandwidth (NRB)     
	MPR (dB)

	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	
	(0,0)
	(0,0-11)
	(0,0)
	(0,>=3) 
	(0,8)
	(0,0)
	(4,0)
	(4,<=9)
	(4,<=6)
	(0,0)
	(8,<=6)
	(8,0)
	(0,0)
	(12,0)
	 

	QPSK
	 
	 
	 >=12   
	 
	 
	>=18
	 
	 
	>=18
	=24
	 
	=24
	 
	 
	<1

	QPSK
	 
	 
	>=15
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	<2

	16QAM
	=6
	 
	>=9
	>=9
	 
	>=15
	 
	>=15
	 
	>=18
	>=18
	 
	=24
	=24
	<1

	16QAM
	 
	 
	>=15
	>=18
	>=15
	=24
	=24
	 
	 
	 
	 
	 
	 
	 
	<2


Proposal-1: Table 2 is proposed as the MPR value used for PC6 CAT-M2 device.

3 Conclusions

MPR simulation is done for CAT-M2 low power device with below observation and proposal:
Observation #1: For system bandwidth >=10MHz, and system bandwidth 3MHz, there are 1 or 2 PRB could be used as guard band in additional to the agreed system bandwidth (10%) [6]

Observation #2: UTRAN ALCR1 is most critical requirement which set the MPR value

Observation #3: MPR value related to the RB offset and only be needed for specific RB offset

Observation #4: MPR will not be needed when the NB index start between 1 or 11 for 20MHz channel. The same for NB index start between 1 or 7 for 15MHz channel, for NB index start between 1 or 3 for 10MHz channel

Proposal-1: Table 2 is proposed as the MPR value used for PC6 CAT-M2 device.
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