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1. Introduction
This paper discusses A-MPR for eMTC devices for 20 and 23 dBm power class and proposes to narrow down the cases that need study.
2. Discussion

In RAN4#76Bis it was discussed that there are two possible reference implementations for eMTC UE. 

1) UE is configured to operate in a defined system BW but only transmit or receive defined six RBs. In this case, the requirements should be defined according to system BW for 6 RB.

2) UE always operates in 1.4 MHz mode in all system BWs. In this case, we need to revisit some of the requirements i.e. 1.4 MHz requirements are not defined for all eMTC bands and requirements can not be derived from existing requirements since they are made assuming UE is configured to system BW

eMTC target is to enable low cost and optimized UEs, following assumption 1 only is not possible and enabling both options would lead to two sets of requirements. 
Proposal 1: eMTC, Cat-M UE requirements will be defined assuming Cat-M eMTC UE always operates in 1.4 MHz mode.  

2.1. A-MPR

A-MPR was considered a requirement which will need further studies. One questions was that what A-MPR is applicable: A-MPR according defined for systems BW and when 6 RBs are allocated or A-MPR defined for 1.4 MHz BW despite the actual system BW of the network where UE camps. If proposal 1 is acceptable, we can proceed to analyze A-MPR for UE in 1.4 MHz mode and A-MPR defined for 6 RBs in a given system BW is not relevant. This is explained in next subsection. 
2.1.1. Emission mechanisms
A-MPR is allowed to UE when additional emission requirements are required to be met. A-MPR is determined by UE unwanted emission performance. Depending on the operating BW the UE is configured to and emission requirements, different mechanism for unwanted emission will determine the needed A-MPR. As an example, CIM3 of 10 MHz UE in band 13 will land on public safety (PS) band but for 1.4 MHz UE, CIM5 will land on the edge of PS band. This is shown in Figure 1. 
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Figure 1 CIM3 and CIM5 products of 10 MHz UE (A) and 1.4 MHz UE (B)

A-MPR for 1.4 MHz UE can not be re-used from analysis that was made for 10 MHz UE because the emissions mechanisms are be different.
Observation 1: A-MPR defined for other channel BW´s than 1.4 MHz can not be applied to eMTC UE
In addition to discussed CIM3 and CIM5 mechanisms there can be spectral regrowth, RBS fold and even other intermodulation products that land on protected bands.
The UE BW is 1.4 MHz for all cases so the maximum RFS fold, CIM3 AND CIM5 reach can be easily calculated. The values are shown in table 1. However, since eMTC device will be operating as part of LTE system with larger system bandwidth, the 6 RB will be further away from band edge that if they would be in 1.4 MHz system bandwidth placed next to band edge.   
Table 1 Reach of non-linearities from 1.4 MHz UE
	System BW [MHz]
	1.4
	3
	5
	10
	15
	20

	Additional guardband in band edge compared to 1.4MHz
	0
	0.15
	0.25
	0.5
	0.75
	1

	LO Position from band edge
	0.7
	0.85
	0.95
	1.2
	1.45
	1.7

	RSBF Freq
	-0.92
	-0.77
	-0.67
	-0.42
	-0.17
	0.08

	CIM3
	-0.92
	-0.77
	-0.67
	-0.42
	-0.17
	0.08

	CIM5
	-2
	-1.85
	-1.75
	-1.5
	-1.25
	-1


Observation 2: The worst case IM reach of 6 RBs is 2 MHz from the edge of the 1.4 MHz channel BW
The reach of spectral regrowth can also be estimated. In [2] it was concluded that if receive channel is at a 7.8*NRBUL*180 kHz distance from tx channel then the level of spectral regrowth of the TX allocation after duplexer isolation is low enough not to have impact to refsens. This could be consider the maximum of the spectra regrowth reach and for eMTC the value is 8.424 MHz from the transmission bandwidth edge and 8.264 MHz from the channel edge. However, this value is quite conservative for this use and we can analyse more realistic number by assuming that level of spectral regrowth originated emissions in each next adjacent full transmission bandwidth is 13 dB lower than the previous one and assuming that the 1st adjacent channel is meeting E-UTRA ACLR i.e it is -30 dBc from the transmitted channel power. Estimated levels and reach of spectral regrowth are shown in table 2. 23 dBm is used here to find the worst case level.
Table 2 Levels and reach of spectral regrowth

	 
	Reach [MHz]
	Level [dBm / X MHz]

	
	
	X = 1.08
	X= 1
	X=0.3
	X=0.1
	X=0.03
	X=0.00625

	ACLR
	0.92
	-7
	-7.3
	-12.6
	-17.3
	-22.6
	-29.4

	2nd ACLR Edge
	2
	-19
	-19.3
	-24.6
	-29.3
	-34.6
	-41.4

	3rd ACLR Edge
	3.08
	-31
	-31.3
	-36.6
	-41.3
	-46.6
	-53.4

	4th ACLR
	4.16
	-43
	-43.3
	-48.6
	-53.3
	-58.6
	-65.4

	5th ACLR
	5.24
	-55
	-55.3
	-60.6
	-65.3
	-70.6
	-77.4


The spectral regrowth can be assumed as flat over the corresponding region and can be converted to other measurement BWs without large error. The Table 2 shows estimated values for different spectra regrowth reach values. It can be seen that 5th ACLR is so low that none of the emission requirements in 36.101 would fail even with assumed 23 dBm output power. We can consider that reach of spectra regrowth is 4.16 MHz from channel edge worst case.      
Observation 3: Spectral regrowth reach is 4.16 MHz for any emission requirement
2.1.2. Need for analysis

A-MPR´s which are defined for 1.4 MHz need not to be revisited but can be applied directly. The “Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)” in 36.101 list bands and applicable channel BW´s. Cross comparing bands with eMTC bands listed in [1] and leaving out NS values where already 1.4 MHz has been analyzed, the Table 3 list NS values that need further studies.
Table 3 NEEDS TITLE
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Distance between band edge and requirement [MHz]
	Requirement value [dBm]
	Meas BW [MHz]
	Note

	NS_03
	6.6.2.2.1
	2, 4
	
	
	
	SEM

	NS_05
	6.6.3.3.1
	1
	4.3
	-41
	0.3
	

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	2
	-57
	0.00625
	Also SEM

	NS_08
	6.6.3.3.3
	19
	15
	-40 
	1
	

	NS_09
	6.6.3.3.4
	21
	13
	-35 
	1
	

	NS_10
	
	20
	
	
	
	

	NS_13
	6.6.3.3.6
	26
	31
	-42 
	0.00625
	

	NS_14
	6.6.3.3.7
	26
	81
	-42 
	0.00625
	

	NS_16
	6.6.3.3.9
	27
	4
	-32
	1
	

	NS_17
	6.6.3.3.10
	28
	81
	-26.2
	6
	

	NS_18
	6.6.3.3.11
	28
	5
	-26.2
	6
	

	Note 1: Requirement is valid only for part of the carrier frequencies in the band


Using the observation from sub-section 2.1.1, and comparing which requirements subclauses in table 3 sets requirements only farther than IM or spectral regrowth reach we can observe that NS_08, NS_09, NS_14, NS_17 and NS_18 will need no A-MPR. 

For the remaining NS values:

· NS_03 does not allow for A-MPR in 1.4 MHz even the requirement written in 36.101 does not explicitly say that
· NS_05 only SEM would reach protected area. Only 5 MHz CH BW is defined for band 1 which gives 0.25 MHz additional guardband (table 1). Emission requirement is 41 dBm / 0.3 MHz and from table 3 we can see that 4th ACLR is below that and does not reach
· NS_10 has no requirements and was put in to 36.101 to enable refsens testing with A-MPR

· NS_13, similarly as NS_05, only ACLR reached but there only the level of 2nd ACLR would be close and it does not reach 

· NS_16, similarly as NS_05 and NS_13, only level of 3rd ACLR would be close but it does not reach

Proposal 2: When NS_03, NS_05, NS_08, NS_09, NS_10, NS_13, NS_14, NS_16, NS_17 or NS_18 is signalled, eMTC device operating in 1.4 MHz mode will meet corresponding requirements without A-MPR
This leaves us with NS_07 for mode detailed study. 

Proposal 3: RAN4 to study if eMTC UE operating in 1.4 MHz BW inside corresponding system BW will need A-MPR to meet requirements set for NS_07 
3. Conclusion

A-MPR for eMTC device was discussed and three observations were made:

Observation 1: A-MPR defined for other channel BW´s than 1.4 MHz can not be applied to eMTC UE

Observation 2: The worst case IM reach of 6 RBs is 2 MHz from the edge of the 1.4 MHz channel BW
Observation 3: Spectral regrowth reach is 4.16 MHz for any emission requirement
Three proposals were made based on aanalysis:

Proposal 1: eMTC, Cat-M UE requirements will be defined assuming Cat-M eMTC UE always operates in 1.4 MHz mode

Proposal 2: When NS_03, NS_05, NS_08, NS_09, NS_10, NS_13, NS_14, NS_16, NS_17 or NS_18 is signalled, eMTC device operating in 1.4 MHz mode will meet corresponding requirements without A-MPR
Proposal 3: RAN4 to study if eMTC UE operating in 1.4 MHz BW inside corresponding system BW will need A-MPR to meet requirements set for NS_07 
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