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1 Introduction
2 Introduction

In RAN#86, WF [1] on subPRB has proposed the following points: 

· MPR, A-MPR and IBE will be impacted for UE RF spec (36.101)

· Companies are encouraged to submit MPR simulation result for CAT-M1 and CAT-M2 for subPRB allocation in RAN4#86bis

· system bandwidth (1,4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz)

· Modulation( QPSK, 16QAM, 64QAM)

· Companies are encouraged to submit A-MPR simulation result for CAT-M1 and CAT-M2 for subPRB allocation at RAN4#86bis for the current NS value in table Table 6.2.4E-1 and Table 6.2.4E-2 in 36.101 R15.1.0 
· IBE requirement need to be specified for the non-allocated tones for subPRB allocation PRB

· Reuse the legacy CAT-M1/M2 IBE image and LO requirement

· Specify new general IBE mask 

· One possible format : 

· Granularity of the requirement to be defined

· Slope slew rate for IBE mask to be defined

In this paper the IBE requirement needed on the spec of UE RF on the sub-RPB are discussed regarding the granularity and slope slew rate for IBE mask.
3 Discussion
The sub-PRB feature can allocate several subcarriers within the NB allocated bandwidth for CAT-M device. The purpose of the feature is to improve the PUSCH spectrum efficiency by multiplexing more UE within one PRB. 

IBE
For the sub-PRB feature eNB can schedue the number of tone 3 or 6 acc.to [1] and aggregate max 4 user within the same single PRB as showed in Figure 1. The emission transmitted from the allocated subcarrier of one CAT-M UE to the other sub-PRB allocation within the same PRB needs to be controlled so the other UE within the same PRB can be received correctly at eNB.
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Lcrb=1; Ncrb=6 for CAT-M1 General requriement: Max(#1, #2, #3) ΔRB=1 ΔRB=2 ΔRB=3 ΔRB=1 ΔRB=2
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Figure 1: overview of IBE for requirement CAT-M1 

There are 3 items in general requirement of IBE [2] :
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#1: -25-10log10(NRB/LCRB)

#2: 20log10(EVM)-3-5 (|∆RB|-1)/LCRB
#3: -57dBm/180 kHZ -PRB
For the sub-PRB allocation, the Lcrb=1 and for cat-M1 device, NRB=6, it could see from Figure 2 that near the transmitted PRB, #2 factor will decide on the IBE mask and depending the modulation scheme it used, #1 will be deciding factor 3 or 5 RB away. #3 is not a limiting factor as it specified with lowest transmit power. 
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#2: 20log10(EVM)-13=-31 dB for 16QAM; 

 -28 dB for QPSK; -35 dB for 64QAM

ΔRB=1 ΔRB=2 ΔRB=3 ΔRB=6 ΔRB=5 ΔRB=4

#2: 20log10(EVM)-18= -35 dB (16QAM);

 -33 dB (QPSK)

#1=Max(#1, #2,#3)= -32.8 for QPSK, 16QAM

#1=Max(#1, #2,#3)= -32.8 for 64QAM


Figure 2: overview of IBE factors in general requirement (#1, #2) applying for CAT-M 

Observation #1: #2 factor decide on the near-end performance on the general IBE mask on sub-PRB allocation for CAT-M1 device, while #1 factor decide far end performance on the same IBE mask.

Observation #2: The nearest PRB requirement and most relax is 20log10(EVM)-3. This is independence of the RB distance to the allocated PRB.
Figure 3 shows a scheme on setting the IBE requirement within the PRB where it is shared by several CAT-M1 or CAT-M2 UE with sub-PRB allocation. Since the minimal granularity of the sub-PRB allocation is 3, it could be desirable to define the requirement on this allowed granularity. The parameter is set as ∆SubG to differentiate the legacy ∆RB.
Proposal-1: Define the IBE requirement on the granularity of 3 subcarrier (SubG=3) which is minimal granularity defined by RAN1 for one UE subPRB allocation.
The nearest mask for the first ∆subG (=1) can be set as the same as the legacy ( which is the ∆RB=1 case), this is most relax and inherit the legacy CAT-M1 or M2 device performance. Since the shape of the emission will be decreased with increased distance to the transmitted subcarrier, it could give some staircase like mask depending how the phase noise and PA behaves. Ideally for the sub-PRB to be decoded correctly, the performance should be decided only by the nearest two sub-PRB UE with high emission level while the other UE emission could be so low that it will not contribute too much to total noise.

Proposal-2:  Define the IBE requirement first step as same as legacy, which is 20log10(EVM)-3.
Comparing IBE requirement with legacy LTE, different UE with PRB granularity has IBE mask slope rate of the 5 dB/PRB showing in figure 1 and figure 2. This means if the IBE within the PRB has the similar performance with legacy LTE, there will be no issue on the system performance or in another word, 4 UE can be multiplexed within one PRB without problem reference to the legacy LTE IBE requirement.  

 Proposal-3:  Define the IBE requirement step ∆ within the PRB, proposing with ∆ =[5].
When this step ∆ was defined, it will set the first adjacent PRB emission starting level which means the mask will be also impacted for other non-allocated PRB.
Observation#3: The other non-allocated PRB mask will be impacted, the starting level of first non-allocated PRB will be not more than the nearest non-allocated subG.
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Figure 3: IBE requirement setting with sub-PRB allocation
With above discussion, it is proposed to have below IBE table for the subPRB allocation.
Table 6.5.2E.3.1-1A: Minimum requirements for in-band emissions for subPRB allocation
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	[image: image5.png]20 - log1oEVM — 3 — [5] - (|Acunc| — 1)/Leune





	Any non-allocated Subcarrier Group within the subPRB allocation

(Note 11)
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	Any non-allocated PRB outside subPRB allocation (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs. For UE of UL Categories M1 and M2, the applicable frequencies shall alternatively include those found by reflection on the center of the assigned narrowband, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. For UE of UL Categories M1 and M2, the applicable frequencies shall alternatively be the centre frequency of the supported 6RBs.

NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1).

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1).

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs.

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
NOTE 11: The measurement bandwidth is 1 subcarrier group (3 subcarrier) and the limit is expressed as a ratio of measured power in one non-allocated subcarrier group to the measured average power per allocated subcarrier group, where the averaging is done across all allocated subcarrier groups.
NOTE 12:
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 is the starting frequency offset between the allocated subcarrier group and the measured non-allocated subcarrier group (e.g. [image: image19.png]


 =-1 for the first adjacent subcarrier group outside the allocated subcarrier group.
NOTE 13:
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 is the Transmission bandwidth in number of subcarrier..
NOTE 14:
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is the non-allocated subcarrier group which is adjacent to the first non-allocated PRB (
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=1 if there is no non-allocated subcarrier group which is adjacent to the first non-allocated PRB.



4 Conclusions

In this paper, IBE requirement specification is proposed for Sub-PRB feature for CAT-M device with following proposal and observations:
Observation #1: #2 factor decide on the near-end performance on the general IBE mask on sub-PRB allocation for CAT-M1 device, while #1 factor decide far end performance on the same IBE mask.

Observation #2: The nearest PRB requirement and most relax is 20log10(EVM)-3. This is independence of the RB distance to the allocated PRB.
Proposal-1: Define the IBE requirement on the granularity of 3 subcarrier (Sub=3) which is minimal granularity defined by RAN1 for one UE subPRB allocation.

Proposal-2:  Define the IBE requirement first step as same as legacy, which is 20log10(EVM)-3.
Proposal-3:  Define the IBE requirement step ∆ within the PRB, proposing with ∆ =[5].
Observation#3: The other non-allocated PRB mask will be impacted, the starting level of first non-allocated PRB will be not more than the nearest non-allocated subG
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