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1 Introduction
In the RAN4 #81, the initial in-band requirements definition has been agreed in [1], with the main points as follows: 
· If the current LTE based UE Tx in-band emission requirement definition is reused in NR, update  the UE Tx in-band emission requirement definition so that both the same and different numerologies are verified as victim and aggressor UEs by checking all the numerologies in the test equipment receiver 

· Before agreeing the exact definition of NR UE Tx in-band emission requirement, study if it is feasible to define NR UE Tx in-band emission requirements in a new numerology independent way .

· Investigate the necessity of guard band between sub-blocks with different numerologies for the target modulation.
In this contribution, we mainly investigate 

· The guard band requirements between numerologies

· The in-band emission requirements definition methodology

2 Discussion
2.1 Guard band requirements between numerologies
In RAN1, it is agreed that for the subcarrier spacing of 2n *15 kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15 kHz in a nested manner in the frequency domain. Figure 1 shows the zero guard band illustration in which there is no fixed guard band reservation between subbands.
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Figure 1. Zero guard band illustration

The guard band between numerologies should be a tradeoff between guard overhead, and subband EVM distortion caused by inter-subband interference. According to companies’ evaluation in RAN1 #86 and #86 bis, the guard band requirement depends on the power imbalance between numerologies, MCS at subband edge PRB(s) and the scheduled bandwidth. Some guard band, whatever fractional or integer PRB may support higher MCS than zero guard in terms of BLER performance, at the cost of guard overhead. The guard band requirements should be evaluated based on spectrum efficiency comparison which takes BLER, overhead and MCS adaption into consideration. In this section, we compare the spectrum efficiency based on AMC with different guard tone number.  
In this evaluation, 0/1/2/4/6/12 guard tones are assumed. The detailed simulation parameters are summarized in Table 1, and the evaluation results are shown in Figure 2-5. 

Table 1. Simulation parameters
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Antenna config.
	SISO

	Channel model
	TDL-C 300 ns

	UE speed (km/h)
	3

	Waveform
	f-OFDM 

	AMC
	On

	Channel estimation
	Ideal

	Performance metrics
	Spectrum efficiency

	Simulation scenario
	DL mixed numerology

UL mixed numerology

	Power offset
	0 or 5dB

	PA
	DL: Rapp model

UL: Polynomial model

	Guard tone number
	0/1/2/4/6/12 in the target numerology

	Subcarrier spacing
	15KHz
	60KHz

	CP overhead
	~6.7%
	~6.7%

	Subband bandwidth
	48PRB
	12 PRB

	Scheduled data bandwidth
	4 PRB
	4 PRB

	slot length
	14 symbols
	14 symbols


It can be observed that the spectrum efficiency with less than 1 PRB guard band is similar, and obviously better than the 1PRB guard band case. 

Observation 1:  Spectrum efficiency with less than 1 PRB guard band is similar, and obviously higher than the 1PRB guard band case.

In addition, considering the additional standardization effort on the fractional PRB guard definition as we pointed in [2],  a fixed guard band, whatever fractional or integer PRB(s) is not necessary.  It is preferable to leave the guard band allocation as the network scheduling decision 
Therefore, we have the following proposals,

Proposal 1: RAN4 only defines in-band requirements at Tx and Rx, and does not specify fixed guard band between subbands with different numerologies, but leave it as a network scheduling decision.

Proposal 2: The guard band should have a granularity of PRB, and the size of guard band is up to scheduling decision.
These proposals are also applicable to current LTE uplink in-band emission at UE and uplink in-channel selectivity requirements, where no fixed guard band are specified when defining the requirements.
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Figure 2. Downlink throughput of for both subbands, 0 dB power offset
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Figure 3. Downlink throughput of both subbands, 5 dB power offset
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Figure 4. Uplink throughput of both subbands, 0 dB power offset
[image: image8.emf]0 5 10 15 20 25

SNR (dB)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

S

p

e

c

t

r

u

m

 

E

f

f

i

c

i

e

n

c

y

 

(

b

p

s

/

H

z

)

UL, TDL-C-300 ns, Power offset = 5 dB, 0.72 MHz, I. = 60 KHz, T. = 15 KHz

Guard SC = 0

Guard SC = 1

Guard SC = 2

Guard SC = 4

Guard SC = 6

Guard SC = 12

 [image: image9.emf]0 5 10 15 20 25

SNR (dB)

0

0.5

1

1.5

2

2.5

S

p

e

c

t

r

u

m

 

E

f

f

i

c

i

e

n

c

y

 

(

b

p

s

/

H

z

)

UL, TDL-C-300 ns, Power offset = 5 dB, 2.88 MHz, I. = 15 KHz, T. = 60 KHz

Guard SC = 0

Guard SC = 1

Guard SC = 2

Guard SC = 4

Guard SC = 6

Guard SC = 12


Figure 5. Uplink throughput of both subbands, 5 dB power offset
2.2 The in-band emission requirements definition methodology

As illustrated in Figure 1, LTE uplink in-band emission is defined on PRB basis within one subband, which is caused by the non-orthogonality between UEs with the same numerology, due to the various RF imperfections in the transmitter and the possible time misalignment perceived at the BS. While the in-band emission in mixed numerology case is defined on a subband basis, which is caused by the non-orthogonality between subbands with different subcarrier spacing.  

It can be observed that the in-band emission definition for mixed numerology actually have been captured by UE in-band emission, if the UE transmission bandwidth equals to subband bandwidth. Therefore, it seems feasible to adopt a unified in-band emission requirements framework for both existing LTE UE in-band emission and NR UL in-band emission for mixed numerologies. 

[image: image1.emf]…... …...
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Observation 2: It is feasible to adopt a unified in-band emission requirements framework for both LTE UE in-band emission and NR UL in-band emission for mixed numerologies, since the NR in-band emission requirements for mixed numerology have been captured by LTE UE in-band emission requirements..
Figure 6: different in-band emission illustration

The only problem is whether they can share the same requirements. In order to answer this question, some system level evaluations are needed for NR UL mixed numerology case, similar as what RAN4 did before when defining LTE uplink in-band emission requirements [3]. 

We did some preliminary system level 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, with a certain level below the power spectral density in the desired numerology spectrum. Note that the out-of-band emission is modeled as flat and additive between numerologies, independent of the signal bandwidth. This means that multiple narrow band transmission together causes 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 power ratio 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 2: System Simulation Models and Assumptions

	Traffic Models

	User distribution
	Uniform drop within entire cell

	Terminal speed
	3 km/h 

	Data generation
	Full-buffer

	Radio Network Models

	Channel modeling
	3D-UMa(TR36.873)

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

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

	System Models 

	Spectrum allocation
	10MHz

	Power control
	Open-loop (alpha = 0.95, P0 = -85), with target receiving SNR = 20dB

	Max UE output power 
	23dBm into antenna (no minimum power)

	Max UE antenna gain
	0dBi

	Modulation and coding schemes
	QPSK, 16QAM and 64QAM based on LTE

	Scheduling 
	Random selection of users, 4 users scheduled in parallel

	OFDM Parameters 
	LTE

	Receiver
	MMSE 

	Out-of-band emission level
	[5,10,15,20,25,30]dB


With various out-of-band emission level, the system performance of the desired numerology are shown in 7. Based on the evaluation results, a 25 dB out-of-band emission ratio will cause less than 10% system performance loss for both cell average and cell edge. This result is well aligned with that in LTE uplink in-band emission requirements.
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(a) Cell average performance
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(b) Cell edge performance







Figure7 System performance evaluation 
In addition to the above out-of-band emission levels evaluation, some additional factors including the EVM requirements, and the aggregation interference of multiple UEs each with narrow bandwidth allocation, similar as LTE uplink in-band emission, should be also considered.
Based on the above analysis and evaluation, we have the following proposal:

Proposal 3: Reuse LTE UE in-band emission requirement definition methodology for NR uplink in-band emission requirements for mixed numerologies.
2.3 The in-band selectivity requirements definition methodology
The NR in-band selectivity requirements can adopt the similar way as LTE in-channel selectivity (ICS) requirements definition, taking the main differences into consideration. The differences include:
1) The in-band selectivity requirements should be defined targeting for subband edge PRBs

2) The MCS of the target bandwidth should consider more possibility, considering that the inter-subband interference only have impact on high MCS.

3) The power imbalance between sub-bands should consider mixed numerology requirements
For the in-band selectivity requirements, we have the following proposals

Proposal 4: NR in-band selectivity for mixed numerologies adopts the similar format as LTE in-channel selectivity (ICS) requirements, taking additional constraints into consideration, including 1)Target bandwidth,  2) MCS level on target bandwidth , 3) Power imbalance between sub-bands.
3 Conclusions

In this contribution, we discussed guard band requirements between sub-bands, and also the in-band requirements definition methodologies. The following observations can be made, based on the analysis and evaluation results,

Observation 1:  Spectrum efficiency with less than 1 PRB guard band is similar, and obviously higher than the 1PRB guard band case.

Observation 2: It is feasible to adopt a unified in-band emission requirements framework for both LTE UE in-band emission and NR UL in-band emission for mixed numerologies.
According to the above observations, we have the following proposals,

Proposal 1: RAN4 should not specify fixed guard band between sub-bands with different numerologies, but leave it as a network scheduling decision.

Proposal 2: The guard band should have a granularity of PRB, and the size of guard band is up to scheduling decision.
Proposal 3: Reuse LTE UE in-band emission requirement definition methodology for NR uplink in-band emission requirements for mixed numerologies.
Proposal 4: NR in-band selectivity for mixed numerologies adopts the similar format as LTE in-channel selectivity (ICS) requirements, taking additional constraints into consideration, including 1)Target bandwidth,  2) MCS level on target bandwidth , 3) Power imbalance between sub-bands.

References
[1] R4-1609411, “Further discussion on spectrum utilization”, Reno, USA, Nov.14 – 18,2016.
� EMBED Visio.Drawing.15  ���








[image: image12.wmf]UE

-

1

UE

-

2

UE

-

k

...

UE

-

i

UE

UE

-

m

...

Subband

1 

with 

numerology

1

System  BW

Subband

2 

with

 

numerology

2

In

-

band emission 

for subband

UE In

-

band 

emission 

…...
…...
frequency
Subcarrier spacing = f0
Subcarrier spacing = 2*f0



UE-1
UE-2
UE-k
...
UE-i
UE
UE-m
...
Subband1 with numerology1
System  BW
Subband2 with
 numerology2
In-band emission for subband
UE In-band emission



