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1 Introduction
A LS [1] sending from RAN1 to RAN4 notifying the agreement on design of PUSCH sub-PRB allocation for Rel-15 BL/CE UEs:
· For Sub-PRB allocation, only the following are supported:
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A

· FFS: CE Mode B

· 3 subcarriers with SC-FDMA QPSK modulation

· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation

· The Pi/2 rotation is performed across SC-FDMA symbols
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2

· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used

· Working assumption: The 2 used subcarriers shall be fixed per cell in specification

· FFS: semi-statically configured

· FFS: Frequency hopping case
In this paper, the MPR and A-MPR impact on the sub-PRB allocation is investigated based on the above RAN1 agreement and several observations are made based on the MPR/A-MPR simulation result.

2 Discussion
2.1 Background
In [2], the MPR/A-MPR is specified for the UE with the granularity of the 1 PRB, when the UE can be allocated on sub-PRB level, depending how many subcarriers it will be assigned, the PSD of M subcarrier relative to the 1 PRB allocation will be increased with 10log10(12/M) for the same output power, for example, for two subcarrier allocation( M=2), the PSD increase 7.8 dB. This will increase the intermodulation product level compared with 1 PRB allocation, this motivate the MPR/A-MPR simulation for all the supported frequency band for CAT-M devices. 
2.2 Simulation assumption
For CAT-M1 device MPR/A-MPR simulation, the PA is calibrated with QPSK 1.4MHz transmission bandwidth for ACLR compliance with 1 dB back-off, other parameters setting is listed below:

Counter-IM3 : 60 dB, 
IQ image : -25 dB 
LO leakage of -25 dBc
The RIV for the sub-PRB PUSCH allocated has not been decided in RAN1 for BL/CE UE, in this paper, the granularity of 3 subcarrier is assumed for subcarrier 3 allocation and granularity of the 6 subcarrier for 6 subcarrier allocation case. The result may need to be revisited when the RIV is decided by RAN1 if other RIV than this paper assumed will be defined.
The subcarrier length of 2, 3 and 6 is simulated, subcarrier length of 12 (1 PRB) with zero offset is also included for the reference check with legacy requirement.

Length of subcarrier [2 , 3, 6, 12]

The subcarrier offset is chosen with granularity step of the 3 for 2 and 3 subcarrier length, for 6 sbucarrier, the step chosen is 6.  For the 2 subcarrier allocation, only the worst case where the first two subcarrier is simulated.
Subcarrier offset for 1 PRB: only 0 offset is set 

2.2.1 MPR result

It shows that there is no MPR needed for 1PRB allocation case in [2] to meet the requirement the LTE ACLR, UTRAN ALCR1 and UTRAN ALCR2 and SEM. The simulation result shows that there is no additional MPR needed for PC3 CAT-M1 devices for different channel bandwidth and Lcsc=2, 3, 6 with sc offset =0.
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Figure 1: the PSD for 2 subcarrier length allocation with 0 SC offset
Proposal-1: No MPR needed for sub-PRB allocation for CAT-M1 device

2.2.2 A-MPR result
All NS value in Table 6.2.4E-1 [2] are simulated. The NS4, NS6, NS12, NS35 and NS38 need A-MPR for sub-PRB allocation as showed in the simulation result in Annex. Other NS value than listed above does not need A-MPR. NS38 is simulated with the back-off power relative to 15dBm and other NS value than NS38 is simulated with back-off power relative to 23 dBm output power.
The Figure-A1 from simulation result for NS-04 with sub-PRB allocation shows the additional SEM is the limiting factor and since only the NBindex=0 is simulated, and the SEM is symmetric requirement for below the lower edge and above the upper edge of the channel, the result of AMPR table also add the rightmost allocation starting of the NBindex=3 with the same AMPR value for 5 MHz channel as below.
Table 6.2.4-2xxx: A-MPR for "NS_04“ for Cat-M1 with sub-PRB allocation
	BW [MHz]
	5

	(NBindex,SCstart)
	(0,<=9)
	(0, <=6)
	(3, >63)
	(3, >=66)

	Lcsc
	2
	3,6
	2
	3,6

	AMPR [dB]
	1.5
	1.5
	1.5
	1.5

	NOTE 1:
NBindex is the narrowband index that is defined in 6.2.7 in [4]. The resource block assignment is defined within the narrowband as defined in 5.3.3.1.12 and 5.3.3.1.13 in [5].
NOTE2: Lcsc is the length of the continuous subcarrier, SCstart is the subcarrier offset relative to the first subcarrier of the first PRB of NB indicated with NBindex.


Figrue-A2 to Figure-A4 shows the A-MPR for NS_06 for sub-PRB allocation, it is also limited by Additional SEM requirement which in table below the rightmost NB configuration for different channel bandwidth also added.
Table 6.2.4-2xxx: A-MPR for "NS_06“ for Cat-M1 with sub-PRB allocation
	BW [MHz]
	1.4
	3
	5

	(NBindex,SCstart)
	(0,<=9)
	(0, >=63)
	(0, <=3)
	(1, >=69)
	(0, <=6)
	(3, >66)

	Lcsc
	2,3
	2,3
	2,3
	2,3
	2,3
	2,3

	AMPR [dB]
	0.5
	0.5
	0.5
	0.5
	         0.5
	0.5

	NOTE 1:
NBindex is the narrowband index that is defined in 6.2.7 in [4]. The resource block assignment is defined within the narrowband as defined in 5.3.3.1.12 and 5.3.3.1.13 in [5].
NOTE2: Lcsc is the length of the continuous subcarrier, SCstart is the subcarrier offset relative to the first subcarrier of the first PRB of NB indicated with NBindex.


Figrue-A5 to Figure-A7 shows the A-MPR for NS_12 for sub-PRB allocation, it is limited by the additional spurious requirement.
Table 6.2.4-2xxx: A-MPR for "NS_12“ for Cat-M1 with sub-PRB allocation
	Channel bandwidth [MHz]
	Parameters
	Region

	1.4
	(NBindex,SCstart )
	(0,<=3)
	(0, >3 and <=9)
	(0, <18 and >9)
	(0, <21 and >18)
	0, >=21 and <30)

	
	Lcsc
	2,3,6
	2,3 ,6
	2,3,6
	2,3,6
	2,3, 6

	
	A-MPR [dB]
	≤7
	≤5
	≤4
	≤2
	≤1

	3
	(NBindex,SCstart)
	(0,=0)
	(0,=3)
	(0,=6)
	(0,>=9 and <=12)
	

	
	Lcsc
	2,3,6
	2,3
	2,3 6
	2,3 6
	

	
	A-MPR [dB]
	≤4
	≤ 3
	≤ 2
	≤1
	

	5
	(NBindex,SCstart)
	(0,=0)
	(0,=3)
	(0,=6)
	(0,>=9 and <=12)
	(0,>12 and <=18)

	
	Lcsc
	2,3,6
	2,3
	2,3 6
	2,3 6
	2,3 6

	
	A-MPR [dB]
	≤5
	≤ 4
	≤ 3
	≤2
	≤1


Figrue-A8 shows the A-MPR for NS_12 for sub-PRB allocation, it is limited by Additional SEM and rightmost NB configuration is added.
Table 6.2.4-2xxx: A-MPR for "NS_35“ for Cat-M1 with sub-PRB allocation
	BW [MHz]
	5

	(NBindex,SCstart)
	(0,<=9)
	(3, >63)

	Lcsc
	2,3
	2,3

	AMPR [dB]
	0.5
	0.5

	NOTE 1:
NBindex is the narrowband index that is defined in 6.2.7 in [4]. The resource block assignment is defined within the narrowband as defined in 5.3.3.1.12 and 5.3.3.1.13 in [5].
NOTE2: Lcsc is the length of the continuous subcarrier, SCstart is the subcarrier offset relative to the first subcarrier of the first PRB of NB indicated with NBindex.


Figrue-A9 to Figure A11 shows the A-MPR for NS_38 for sub-PRB allocation, it is limited by Additional spurious requirement (-32  dBm/27MHz) and it is simulated with the back-off power from 15 dBm as specified in [2][3].

Table 6.2.4-2xxx: A-MPR for "NS_38“ for Cat-M1 with sub-PRB allocation
	Channel bandwidth [MHz]
	Parameters
	Region

	3
	(NBindex,SCstart )
	(0,<=3)
	(0, >3 and <=9)
	(0, >9 and <=12)
	(0, >12 and <=18)
	(0, >18 and <=24)
	(0, >24 and <=27)
	0, >27 and <=33)
	0, >30 and <=36)
	0, >36

and <=48)

	
	Lcsc
	2,3,6
	2,3 ,6
	2,3,6
	2,3,6
	2,3, 6
	2,3, 6
	2,3, 6
	2,3, 6
	2,3, 6

	
	A-MPR [dB]
	≤11.5
	≤10
	≤8.5
	≤7
	≤6
	≤5
	≤4
	≤2
	≤1

	5
	(NBindex,SCstart)
	(0,<=3)
	(0, >3 and <=9)
	(0, >9 and <=15)
	(0, >15 and <=21)
	(0, >21 and <=24)
	(0, >24 and <=33)
	(0, >33 and <=36)
	(0, >36 and <=48)
	(0, >48 and <=57)

	
	Lcsc
	2,3,6
	2,3 ,6
	2,3,6
	2,3,6
	2,3, 6
	2,3, 6
	2,3, 6
	2,3, 6
	2,3, 6

	
	A-MPR [dB]
	≤13
	≤11
	≤10
	≤8.5
	≤7.5
	≤5
	≤4
	≤2
	≤1

	15
	(NBindex,SCstart)
	(0,=0)
	(0,=3)
	(0,>3 and <=9)
	
	
	
	
	
	

	
	Lcsc
	2,3,6
	2,3
	2,3 6
	
	
	
	
	
	

	
	A-MPR [dB]
	≤2
	≤ 2
	≤ 1
	
	
	
	
	
	


Proposal-2: A-MPR tables is needed for NS4, NS6, NS12, NS35 and NS38 for sub-PRB allocation for CAT-M1 device 
3 Conclusions

MPR, A-MPR simulation is done for CAT-M1 device with proposal:
Proposal-1: No MPR needed for sub-PRB allocation for CAT-M1 device
Proposal-2: A-MPR tables is needed for NS4, NS6, NS12, NS35 and NS38 for sub-PRB allocation for CAT-M1 device 
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Figure-A1: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=5 MHz for NS04
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Figure-A2: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=1.4 MHz for NS06
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Figure-A3: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=3 MHz for NS06
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Figure-A4: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=5 MHz for NS06
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Figure-A5: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=1.4 MHz for NS12
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Figure-A6: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=3 MHz for NS12
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Figure-A7: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=5 MHz for NS12
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Figure-A8: CAT_M1 AMPR back-off from 23 dBm for channel bandwidth=5 MHz for NS35
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Figure-A9: CAT_M1 AMPR back-off from 15 dBm for channel bandwidth=3 MHz for NS38
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Figure-A10: CAT_M1 AMPR back-off from 15 dBm for channel bandwidth=5 MHz for NS38
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Figure-A11: CAT_M1 AMPR back-off from 15 dBm for channel bandwidth=15 MHz for NS38
