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Introduction
In RAN4#81 meeting [1], a WF regarding maximum spectrum utilization was agreed as follows:
	1. For some combinations of bandwidth and subcarrier spacing e.g. 10MHz@120kHz  and  5MHz@60kHz, the theoretic maximum spectrum utilization Y will be below 90% when integer number of PRBs are used for the transmission bandwidth configuration as in LTE.  
0. How to improve Y  over 90% is FFS.
1. The maximum spectrum utilization based on RAN4 requirements may vary with numerology, carrier bandwidth and different BS/UE capabilities, considering the capabilities of spectrum confinement techniques including both filtering and windowing  , e.g., indicated as a range [YL, YH] for each group of (BW subset @ SCS subset) .  
1. How to group (BW subset @ SCS subset)  is FFS. 
1. YL and YH are with compliance of related RF requirements, e.g. EVM, ACLR, SEM, selectivity, demodulation etc. 
1. EVM evaluation should include high order modulations up to 256QAM.
1. FFS for UE capability needed or not
1. The guard band for a carrier in case of mixed numerology may be asymmetric and defined with the assumption that only single numerology is applied, and the assumed numerology refers to the numerology applied at band edge. 
1. The need and size of GB between two numerologies is FFS. The granularity of GB, i.e. 1 PRB or fractional PRB, will be further evaluated. 


In this contribution, we evaluate inter-subband interference and performance with different granularity of  guard band for asynchronous transmission and mixed numerology case on UL.
Evaluation Assumptions
PA Model
To evaluate maximum spectral efficiency, we used the agreed PA model in RAN1 evaluation. Details of PA parameters are summarized as follows. Throughout all the evaluations in this contribution, we used 22dBm as an operating output power.
1. PA output y(t) to be computed from input x(t) using the formula
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …
1. The coefficients are organized as follows: [p9  p8  p7  …  p0] and the
1. pam = [7.9726e-12  1.2771e-9  8.2526e-8  2.6615e-6  3.9727e-5  2.7715e-5  -7.1100e-3  
          -7.9183e-2  8.2921e-1  27.3535];
The AM-AM and AM-PM characteristics of the PA model are as follows.
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Figure 1. PA model for the uplink evaluation 
Evaluation Cases
We evaluated inter-subband interfering scenarios focused on case 3 and 4 with low MCS level. There could be two possible ways to resolve interference problem between inter-subband in an implementation manner. One way is that gNB allocates a sub-band interfered from adjacent RBs to low MCS UE without any guard band. Hence, we assume that the target UE has low MCS level. Another way is that gNB allocates a guard-band with 1 RB to target UE. These two cases are depicted in Figure 3.
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Figure 2. Evaluation Cases
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Figure 3. Implementation based guard-band supporting method
A guard band consists of less than 12 subcarriers is called as fractional PRB. This can provide the best trade-off between resource utilization and interference mitigation if we use it as a guard-band.
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Figure 4. Fractional PRB guard-band
For the evaluation, details of evaluation parameters are shown in Appendix. 
Evaluation Results
Case 3: UL Single Numerology and Asynchronous
Figure 5 shows BLER performance according to different guard-band size (e.g., the number of tones used in a guard band). As shown in the figure, BLER performance of half RB size (i.e., 6 tones) has similar performance with that of 1RB guard-band. In addition, both half RB and 1 RB guard-band outperform no guard-band case. This implies that allocating the sub-bands suffering interference to low MCS UE is not helpful to mitigate the interference in Case 3.
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Figure 5. BLER performance for evaluation case 3
Case 4: UL Mixed numerology
Figure 6 shows BLER performance according to the guard-band size (e.g., the number of tones used in a guard band). As shown in the figure, the similar trend with Case 3 is observed. Hence, in this case, it can be concluded that allocating the sub-bands suffering interference to low MCS UE is not helpful to mitigate the interference in Case 4.
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Figure 6. BLER performance for evaluation case 4
Figure 7 shows PSD of 1RB guard-band and zero guard-band for the Case 3 and Case 4.
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Figure 7. PSD of 1RB guard-band and zero guard-band
Maximum Resource Utilization
From the BLER performance results, it is verified that a few guard-tones are enough to mitigate interference caused by adjacent sub-bands. If we use 1RB guard-band at every interfering sub-band considering implementation based guard-band supporting method, resource utilization will decrease as the number of interfering sub-bands increases. Figure 4 shows maximum resource utilization of 1RB guard-band and half-RB guard-band. Here, we assume that 25 RBs for the channel bandwidth and maximum resource utilization is defined as
RUmax = (# of total RB in the channel BW - # of RBs used as guard-band) / (# of total RB in the channel BW).
As shown in the figure, if the number of interfering sub-bands is 6 RBs, resource utilization is given by 80% and 90% in the case of 1RB guard-band and half-RB guard-band, respectively.
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Figure 7. Comparison of maximum resource utilization

Observation 1: A few guard-tones are enough to mitigate interference from adjacent interfering sub-bands.
Observation 2: Fractional RB provides better resource utilization than 1RB guard-band and the performance gap between two schemes increases as the number of interfering sub-bands increases.
Conclusion
Observation 1: A few guard-tones are enough to mitigate interference from adjacent interfering sub-bands.
Observation 2: Fractional RB provides better resource utilization than 1RB guard-band and the performance gap between two schemes increases as the number of interfering sub-bands increases.
Reference
[1] R4-1610922, “WF on NR spectrum utilization,” Huawei, HiSilicon, RAN4#81, November, 2016
Annex 
Table 1. Parameters for the evaluation case 3
	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	Duplex 
	FDD/TDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	Desired UE:15KHz, Interfering UEs:15kHz

	Guard time interval
	6.7% overheads

	FFT size 
	1024 for 15KHz

	Data transmission bandwidth 
	720 kHz per UE

	BW of guard tones between neighboring UEs
	0Hz, 45kHz, 90kHz, 180kHz

	Antenna  configuration
	1T1R   

	MCS 
	QPSK 1/2

	Control Overhead 
	Zero

	Time offset of interfering user
	128 samples for 15kHz subcarrier and 1024 FFT size

	Channel estimation 
	Ideal

	Channel Model
	TDL-C for DS 300ns, Mobility: 3km/h 

	PA output power
	22 dBm


Table 2. Parameters for the evaluation case 4
	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	Duplex 
	FDD/TDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	Desired UE:15KHz, Interfering UEs:30kHz

	Guard time interval
	6.7% overheads

	FFT size 
	1024 for 15KHz

	Data transmission bandwidth 
	720 kHz per UE

	Bandwidth of guard tones between neighboring UEs
	0Hz, 60kHz, 90kHz, 180kHz

	Antenna  configuration
	1T1R   

	MCS 
	QPSK 1/2

	Control Overhead 
	Zero

	Channel estimation 
	Ideal

	Channel Model
	TDL-C for DS 300ns, Mobility: 3km/h 

	PA output power
	22 dBm



Table 3 and 4 summarize evaluation waveforms for case 3 and case 4, respectively.
Table 3. Waveforms for evaluation case 3
	
	Tx Filter 
and/or Window
	Filter/Window length
	Rx filter

	Desired UE
	Multi Window
	Edge 6 tones (for each edge): 128 length RC window 
Inner 36 tones: 52 length RC window
	512 tap FIR
EquiRipple filter

	Interfering UE
	Multi Window
	Edge 6 tones (one-side): 128 length RC window 
Inner 42 tones: 52 length RC window
	Not Necessary



Table 4. Waveforms for the evaluation case 4
	
	Tx Filter 
and/or Window
	Filter/Window length
	Rx filter

	Desired UE
	Multi Window
	Edge 6 tones (for each edge): 128 length RC window 
Inner 36 tones: 52 length RC window
	512 tap FIR
EquiRipple filter

	Interfering UE
	Multi Window
	Edge 9 tones (one-side): 128 length RC window 
Inner 15 tones: 26 length RC window
	Not Necessary
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