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1 Introduction
In the LS from RAN1 #86 [1], 
· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective 

· It is expected that spectrum confinement on sub-band basis is specified as requirements on 

· Transmitter side in-band emission and EVM requirements  

· Reception performance in presence of other-subband interferer

· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver.
In the frequency multiplexing of different numerologies case, the inter-numerology interference is generated at both transmitter side and receiver side.
· At transmitter side, the out-of-subband emission from aggressor numerology will interfere with the victim numerology due to the frequency non-orthogonality of different numerologies.
· At receiver side, the victim numerology receiver’s FFT window truncates the aggressor numerology signal as shown in Figure 1, and worsens the out-of-subband emission level of the aggressor numerology. The victim receiver will pick up high interference from the aggressor numerology due to the hard truncation at receiver.  
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Figure 1 Receiver FFT window truncation
These two types of interferences will distort subband edge PRB(s) demodulation of the victim numerology, and have to be suppressed by Tx spectrally confined waveform, and Rx spectrally confined waveform respectively.
In this contribution, we discuss the Tx in-band emission requirement, i.e. the out-of-subband leakage requirements in the presence of neighboring-subband interferer. It is our understanding that the EVM requirements for each numerology can be specified in a similar way as for LTE.
2 Discussion
Currently in the LTE specification, there is an UE in-band emission requirement [3], which is included in the appendix. The main motivation is that the orthogonality between LTE UEs with the same numerology cannot be maintained in reality due to various RF imperfections in the transmitter and the possible time misalignment perceived at the BS. For BS, there is no such requirement, with the understanding that the BS EVM requirement will be sufficient to capture the RF imperfections to ensure signal quality.
In 3GPP TS 36.101, the in-band emission is defined as the average across 12-subcarrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. And the general minimum requirements for in-band emissions are listed in the table 6.5.2.3.1-1, shown in the appendix.
As a starting point, it is useful to follow the current structure of defining the LTE UE in-band emission requirement and adapt it for downlink and uplink mixed numerology cases.
· Downlink
The general in-band emission requirements consists of three parts, i.e. 
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. We discuss each as follows. 
· 
[image: image5.wmf])

/

(

log

10

25

10

CRBs

RB

L

N

×

-

-

: here the level -25 dB is derived from some UL system simulation with some sort of UL power control. For the DL, since the BS may have limited power control as compared to UL and the BS TX power is different, we may need to do some simulation to check if it is appropriate, based on the current simulation scenarios and assumptions. From the system level evaluation results in the appendix A.2, a 25 dB SCLR (Sub-channel Leakage Ratio) limit is appropriate for downlink, with which the system performance loss for the desirable numerology is around 5% for both cell average capacity and cell edge capacity. Also, we need to look at the PSD of different numerologies based on the occupied RBs and sub-carrier spacing, etc. Therefore, we propose to use 
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 seems ok, however, the slope of 5 as a function of the RF offset  is acquired with the assumption that in a 20 MHz BW LTE system, with 100 UE’s transmitting simultaneously each with a single RB allocation, and each received at the same power at the eNB, the sum total of other UE in-band emission would be ~20+(-25 dB)= -5 dB. This assumption is not appropriate for downlink in which the in-band emission combination is numerology based, rather than UE based as uplink, also the system bandwidth 20 MHz assumption has not finalized yet. This term 
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 as a function of the frequency offset would require further study. Therefore, we propose to use 
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: The absolution emission level 
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is suitable for the UE, but not for the BS. For the BS, we can consider the absolute limit currently specified in the BS ACLR requirements. For instance, the absolute limit of -13dBm/MHz (or -20.4 dBm/180 kHz) or -15dBm/MHz (or -22.4 dBm/180 kHz) are used for Category A or B wide area BS. So it is better to replace it with a parameter Z with the value FFS. 
Overall, we can consider the following BS in-band emission requirement as the initial proposal with X, Y, Z to be determined.
	Unit
	Limit
	Applicable Frequencies

	dB
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For downlink, the subband partition should be numerology oriented, so the interpretation of
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 is the maximum supported transmission bandwidth in an NR carrier for the numerology in that 
subband.
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numerology (e.g. 
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outside of the target subband,  as illustrated as follows)
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Figure 2 Starting frequency offset illustration
· Uplink

For uplink, we believe a very similar approach as for the downlink can be adopted. However, it is worth noting that some parameters may also need further study based on the detailed numerology such as sub-carrier spacing, etc. 
Finally, this discussion so far mainly focuses on frequency below 6 GHz as the requirement is obviously conducted. It is FFS how to specify an OTA requirement for above 6 GHz.
3 Conclusions
In this contribution, the in-band emission requirement at transmitter side to support frequency multiplexing of different numerologies is analyzed. Based on the analysis, we have the following proposal,
Proposal 1: Follow the current structure of defining the LTE UE in-band emission requirement as the starting point for downlink and uplink in-band emission for the frequency multiplexing of different numerologies.
Proposal 2: The downlink in-band emission requirement definition for mixed numerology should start with the following proposals, with X, Y, Z to be studied.
	Unit
	Limit
	Applicable Frequencies

	dB
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Appendix
A.1

LTE UE in-band emission requirements
Table 6.5.2.3.1-1: Minimum requirements for in-band emissions [3]
	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency  < 1 GHz and Output power > 10 dBm
	(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.

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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NOTE 6:
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is the Transmission Bandwidth (see Figure 5.6-1). 
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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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NOTE 10:
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A.2

DL SCLR requirements evaluation
A simple transmitter out-of-subband emission model (including the transmitter RF imperfections) is used, in which the leakage outside the desired numerology spectrum is represented by a flat power spectral density a certain level below the power spectral density in the desired numerology spectrum. Note that the SCLR is modeled as flat and additive between numerologies, and it is also independent of the bandwidth of the desired numerology. This means that multiple narrow band numerologies together cause more interference than a wideband numerology. 
In the following evaluation, two numerologies are assumed in a 10 MHz bandwidth (each numerology occupies 5 MHz bandwidth). The desired numerology is the same as LTE. The ratio (i.e. SCLR) between the power spectral densities inside and outside the desired numerology spectrum varied among 10, 20, 25 and 30 dB. Only one UE is scheduled per TTI for evaluation simplicity. The detailed system evaluation assumption is listed in the following table.

Table A.1: DL System Simulation Models and Assumptions
	Traffic Models

	User distribution
	Uniform

	Terminal speed
	3 km/h 

	Data generation
	Full-buffer

	Radio Network Models

	Channel modeling
	UDN (Marco-Only)

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Cell radius 
	167m (500m inter-site distance)

	System Models 

	Spectrum allocation
	10 MHz

	Max eNB output power 
	43 dBm

	Max antenna gain
	8 dBi

	Modulation and coding schemes
	QPSK, 16QAM ,64QAM, turbo coding according LTE

	Scheduling 
	Random selection of users, 1 user scheduled per TTI  in the desired numerology

	Desired Numerology Parameters 
	LTE

	Receiver
	MMSE 


With various SCLR level, the system performance of the desired numerology are shown in Figure A.1.

Based on the evaluation results, an SCLR of 25 dB seems acceptable with about 5% system performance loss for both cell average and cell edge.
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Figure A.1 System performance evaluation
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