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1
Introduction
In previous RAN4 meeting a WF on the New Power Class for enhanced NB-IOT was agreed [1]. This WF states
Working Assumption:

For the UEs that adopt the lower transmit power class, P = 14dBm
In this contribution we discuss necessary changes to TS 36.101 to introduce new power class for UE category NB1.


2

Discussion

2.1
Power class
First necessary change is in sub-clause 6.2.2 to introduce the new power class for Cat NB1. New power class needs to be added into the Table 6.2.2F-1: UE Power Class. Assuming that the new power class is according to the working assumption [1] a new power class number needs to be assigned as +14 dBm power class has not been defined to any of the UE categories. 

Proposal 1: Power class 6 = + 14 dBm is assigned to UE category NB1
2.2
MPR

Second necessary change could be in sub-clause 6.2.3F which defined the Cat NB1 MPR. Currently MPR is defined to be the same for both allowed power classes i.e. PC 3 abd PC 5 and is only allowed for multi-tone transmission. In order to determine the correct MPR for +14 dBm power class we take a look studies made for PC 3 MPR.

· Nokia paper [2] indicated that MPR is only necessary for 12 tones due to SEM (1.7 dB)
· Huawei paper [3] indicates that MPR is necessary for multi-tone transmission but do not indicate what was the limiting requirement
· Intel paper [4] states that MPR is necessary for 12-tones that study is ongoing for 3 and 6-tones but do not indicate what was the limiting requirement
· Skyworks [5] paper presented measurement results and proposed no MPR for all waveforms. Additionally paper had a measurement result for 12-tone full power transmission and it passed the SEM and GSMACLR requirement with more than 10 dB margin
In order to decide the PC 6 MPR RAN4 needs to agree the PC 6 emission requriements. We propose to use same emission requirements for PC 6 and for PC 3 and PC5.

Proposal 2: UE Cat NB1 PC 3 and PC 5 emission requirements (SEM, ACLR and spurious emissions) are applicaple also to UE Cat NB1 PC 6.

We performed a short simulation study to see what is the marging to ACLR and SEM requirements for NB-IoT UE that has a PA which linearity is dimensioned same way as PC 3 PA but operating on +14 dBm output power level, see Table 1. Results indicate very large margins to meet the ACLR requirements in case of 0 dB MPR. This was quite expected as the SEM which determined the MPR for PC3 is absolute and PC 6 emissions are much lower than PC3 emissions. Plots of simulations can be found in Annex-A. 
Table 1: NB-IoT emissions
	Signal
	Simulated GSMACLR
	Margin to spec
	Simulated UTRAACLR
	Margin to spec
	Margin to SEM

	3 tones (0-2)
	35.7
	15.7
	61.0
	24.0
	16.8

	3 tones (9-11)
	35.7
	15.7
	63.0
	26.0
	16.7

	6 tones (0-5)
	37.6
	17.6
	60.3
	23.3
	17.0

	6 tones (6-11)
	37.7
	17.7
	60.3
	23.3
	17.5

	12 tones (0-11)
	32.1
	12.1
	51.5
	14.5
	7.4


Based on the ACLR measurement results reported in [5] and simulation results presented in this paper we propose that no MPR is allowed for UE Cat NB1 PC 6.

Proposal 3: No MPR is allowed for UE Cat NB1 PC 6

2.3
Pcmax
A change is also needed for sub-clause 6.2.5F
Configured transmitted Power for category NB1 where a new Pcmax torerance table needs to be specified for PC 6. While preparing this contribution we realized that actually the Cat NB1 PC 5 needs also dedicated Pcmax tolerance table similarly as Cat M1 PC 5 (Table 6.2.5-1A) and we have submitted CR’s to this meeting to do so [6][7].
In following discussion we assume that CR’s [6][7] are agreed and Cat NB1 PC 5 Pcmax tolerance is same as for Cat M1 PC 5. Figure 1 presents graphically PC 3 and PC 5 tolerances and we can see that PC 5 tolerance is same as PC 3 tolerance except for Pcmax = 20 dBm for which the tolerance is ± 2 dB.

We propose that PC 6 Pcmax torerance is same as PC 5 tolerance for four highest output power levels and output power below that the PC 6 tolerance is same ans PC 3 and PC 5 tolerance.

Proposal 4:  UE Cat NB1 PC 6 Pcmax tolerance is specified according to Table 2.

Table 1: PCMAX tolerance for power class 5

	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	 PCMAX,c = 20
	2.0

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


Table 2: PCMAX tolerance for power class 6

	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	 PCMAX,c = 14
	2.0

	13 ≤ PCMAX,c < 14
	3.5

	12 ≤ PCMAX,c < 13
	4.0

	11 ≤ PCMAX,c < 12
	5.0

	8 ≤ PCMAX,c < 11
	6.0

	-40 ≤ PCMAX,c < 8
	7.0
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Figure 1: Cat NB1 Pcmax tolerances
3
Conclusion

In this contribution we have discussed how to specify the new poer class for UE category NB1 and made followring proposals.
Proposal 1: Power class 6 = + 14 dBm is assigned to UE category NB1
Proposal 2: UE Cat NB1 PC 3 and PC 5 emission requirements (SEM, ACLR and spurious emissions) are applicaple also to UE Cat NB1 PC 6.

Proposal 3: No MPR is allowed for UE Cat NB1 PC 6

Proposal 4:  UE Cat NB1 PC 6 Pcmax tolerance is specified according to Table 2.


Table 2: PCMAX tolerance for power class 6

	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	 PCMAX,c = 14
	2.0

	13 ≤ PCMAX,c < 14
	3.5

	12 ≤ PCMAX,c < 13
	4.0

	11 ≤ PCMAX,c < 12
	5.0

	8 ≤ PCMAX,c < 11
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


4
References

[1] R4-1610829, WF on the New Power Class for enhanced NB-IOT, RAN4#81 Reno
[2] R4-78AH-0059, NB-IoT MPR study, RAN4#78-NB-IoT, Nokia

[3] R4-78AH-0039, Simulation results for NB-IoT MPR, RAN4#78-NB-IoT, Huawei

[4] R4-78AH-0169, NB-IoT UE MPR, RAN4#78-NB-IoT, Intel


[5] R4-78AH-0002, MPR measurement on LTE PA, RAN4#78-NB-IoT, Skyworks

[6] R4-1701009 PC5 PCMAX tolerance for UE Cat NB1 power class 5, Nokia, RAN4#82
[7] R4-1701010 PC5 PCMAX tolerance for UE Cat NB1 power class 5, Nokia, RAN4#82
Annex-A
[image: image2.emf]-1.5 -1 -0.5 0 0.5 1 1.5

-100

-80

-60

-40

-20

0

20

40

Frequency in MHz

Power in dBm

15kHz spacing, SC-FDMA, QPSK, 3 tones, CMOS_PA

 

 

 Tones 0...2

 Tx power=13.5dBm

 GsmAclr=35.7dB

 UtraAclr=61.0dB

 SEM margin=16.8dB

 Margin=15.7dB (GsmAclr)

 MPR=0.0dB

@30kHz

@100kHz

SEM

spur

[image: image3.emf]-1.5 -1 -0.5 0 0.5 1 1.5

-100

-80

-60

-40

-20

0

20

40

Frequency in MHz

Power in dBm

15kHz spacing, SC-FDMA, QPSK, 3 tones, CMOS_PA

 

 

 Tones 9...11

 Tx power=13.5dBm

 GsmAclr=35.7dB

 UtraAclr=63.0dB

 SEM margin=16.7dB

 Margin=15.7dB (GsmAclr)

 MPR=0.0dB

@30kHz

@100kHz

SEM

spur


[image: image4.emf]-1.5 -1 -0.5 0 0.5 1 1.5

-100

-80

-60

-40

-20

0

20

40

Frequency in MHz

Power in dBm

15kHz spacing, SC-FDMA, QPSK, 6 tones, CMOS_PA

 

 

 Tones 0...5

 Tx power=13.5dBm

 GsmAclr=37.6dB

 UtraAclr=60.3dB

 SEM margin=17.0dB

 Margin=17.0dB (SEM)

 MPR=0.0dB

@30kHz

@100kHz

SEM

spur

[image: image5.emf]-1.5 -1 -0.5 0 0.5 1 1.5

-100

-80

-60

-40

-20

0

20

40

Frequency in MHz

Power in dBm

15kHz spacing, SC-FDMA, QPSK, 6 tones, CMOS_PA

 

 

 Tones 6...11

 Tx power=13.5dBm

 GsmAclr=37.7dB

 UtraAclr=60.3dB

 SEM margin=17.5dB

 Margin=17.5dB (SEM)

 MPR=0.0dB

@30kHz

@100kHz

SEM

spur


[image: image6.emf]-1.5 -1 -0.5 0 0.5 1 1.5

-100

-80

-60

-40

-20

0

20

40

Frequency in MHz

Power in dBm

15kHz spacing, SC-FDMA, QPSK, 12 tones, CMOS_PA

 

 

 Tones 0...11

 Tx power=13.5dBm

 GsmAclr=32.1dB

 UtraAclr=51.5dB

 SEM margin=7.4dB

 Margin=7.4dB (SEM)

 MPR=0.0dB

@30kHz

@100kHz

SEM

spur


