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1 Introduction

In last RAN1#86bis meeting, it was discussed whether to support fractional PRB at the edge of channel bandwidth when there are multiple numerologies in a given carrier frequency [1]. On the other hand, following agreements were made in last RAN4#80bis meeting [2].
	Agreements:
· Carrier spectrum utilization, denoted by Y, is assumed to be higher than 90% in RAN4 future study and RAN4 requirements should be defined based on this assumption. 

· Y may depend on specific numerology and carrier bandwidth. It is FFS how the guard band at the edge of a channel should be defined when different numerologies are frequency multiplied

· Y may depend on the BS/UE implementation complexity and declared capability. It is possible to define different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc. It is important to verify both the spectrum and EVM results at the same time in order to ensure well performing and robust system


In addition to above agreements, it was agreed to send LS out to RAN4 in RAN1#86 meeting as follows:
	Agreement:

· It is recommended that RAN4 should target to support eNB/UE with Y significantly higher than 90% when defining the RAN4 requirements where the specification of Y should consider complexity and latency constraints 
· …


Taking into account both agreements achieved from different working groups, this document will discuss how to define guard-band (or carrier spectrum utilization Y(%), equivalently) at the edge of channel bandwidth for mixed numerologies in NR.

2 Discussion
In LTE, spectrum utilization Y(%) was specified in [3] as shown in Table 1. It should be noted that this Y value is dependent on the channel bandwidth (BW). It is common understanding that the required guard-band ratio (100 – Y) increases as the channel BW decreases because it is difficult to confine the spectrum in a narrow channel BW (e.g., filter and/or windowing design is more challenging). So, NR needs to consider taking this design philosophy as LTE did.
Table 1. Channel bandwidth and Spectrum utilization in LTE [3]
	Channel bandwidth BW [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration [NRB]
	6
	15 
	25
	50
	75
	100

	Transmission bandwidth configuration [MHz]
	1.08
	2.7
	4.5
	9
	13.5
	18

	Spectrum utilization (Y%)
	77%
	90%
	90%
	90%
	90%
	90%


Observation 1: Carrier spectrum utilization Y(%) is dependent on the channel bandwidth. 
On the other hand, RAN4 agreement captured in Section 1 mentioned that Y(%) may be affected by the numerology such as subcarrier spacing (SCS), CP overhead and so on. So, we analyze how the numerology gives an impact to Y(%) with filtering method used for spectrum shaping. 
If the same FIR filter length is applied for both narrower and wider SCSs, their spectrum confinement abilities should be similar in a given channel bandwidth. On the other hand, technically and effectively, FIR filtering can be interpreted as a kind of channel filtering. So, if the same filter length is applied to both SCSs, their effective channel lengths (which could be defined as filter length + channel length) at the receiver are same. Consequently, with the assumption of same CP length for both SCSs, their BLER performance is expected to be similar. 
Observation 2: If CP length is same, narrower SCS and wider SCS can provide similar Y(%) to each other.
On the other hand, if CP overhead is same, wider SCS will have shorter CP length as compared to narrower SCS. This affects to the fact that wider SCS achieves worse BLER performance than narrower SCS as long as the same FIR filter lengths are used for both SCSs. Thus, in order to achieve the similar BLER performance, wider SCS should use shorter length FIR filter than narrower SCS and this implies that Y(%) of wider SCS could be lower than Y(%) of narrower SCS.
Observation 3: If CP overhead is same, narrower SCS can achieve higher spectrum utilization Y(%) than wider SCS.
Figure 1 shows PSD and BLER performance results for the cases corresponding to observation 2 (green and blue colors) and 3 (green and red colors). Details of evaluation parameters are summarized in Appendix. 
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Figure 1. PSD and BLER evaluations for the same CP overhead/the same CP length

Whether to take the same CP overhead or the same CP length depends on usage/deployment scenarios of mixed numerologies. One simple example will be that if the same coverage should be supported with mixed numerologies, then using the same CP length is more natural than using the same CP overhead.

Based on our observation, Table 2 shows possible combinations of bandwidth and SCS with integer number of PRBs. As shown in the Table 2, some combinations (marked with red color) cannot meet the carrier spectrum utilization, Y(%) >  90 that mentioned in LS sent out to RAN4 and that agreed in last RAN4#80bis.
Table 2. Combinations of bandwidth and subcarrier spacings

 [image: image3.emf]SCS  PRB size  5MHz band  10MHz band  20MHz band  

[kHz]  [kHz]  # PRB  Utilization  # PRB  Utilization  # PRB  Utilization  

15  180  26  93.6%  53  95.4 %  108  97.2%  

30  360  13  93.6%  26  93.6%  53  95.4 %  

60  720  6  86.4%  13  93.6%  26  93.6%  

120  1440  3  86.4%  6  86.4%  13  93.6%  

240  2880  1  57.6%  3  86.4%  6  86.4%  

480  5760  0  0.0%  1  57.6%  3  86.4%  

 

 
To maximize carrier spectrum utilization and to increase the number of combinations of bandwidth and subcarrier to meet Y(%) > 90, fractional PRB can be considered at the edge of channel bandwidth. According to fractional PRB usage together with observations 1, 2 and 3, BW/SCS combinations can be revised as shown in Table 3. In Table 3, spectrum utilization increases as the channel BW increases (from observation 1) and SCS decreases (from observation 2 and 3). 
Table 3. Combinations of bandwidth and subcarrier spacings with fractional PRB

[image: image4.jpg]SCs | PRBsize | sMHz band 10MHz band 20MHz band
[6iz] | (kHz)_| # PR8 | Utilization | _# PRE_| Utilization | # PRE | Utilization
15 | 180 | 265 | o5a% | 535 96.3% 108 07.2%
30 | 360 | 13 | o36% | 265 954% 535 | 963%
60 | 720 | 65 | 936w [ 93.6% 265 | o5a%
120 | 1430 | 3 | sean 65 93.6% fe) 93.6%
240 | 2880 | 1 | s7e% 3 864% 65 93.6%
480 | s7e0 | o0 | oow 1 57.6% 3 B64%





Observation 4: Fractional PRB is beneficial to increase the number of possible combinations of bandwidth and subcarrier while satisfying the carrier spectrum utilization > 90%.
3 Conclusion
Throughout this contribution, we made 3 observations and 1 proposal as follows.
Observation 1: Carrier spectrum utilization Y(%) is dependent on the channel bandwidth. 
Observation 2: If CP length is same, narrower SCS and wider SCS can provide similar Y(%) to each other.
Observation 3: If CP overhead is same, narrower SCS can achieve higher spectrum utilization Y(%) than wider SCS.
Observation 4: Fractional PRB is beneficial to increase the number of possible combinations of bandwidth and subcarrier while satisfying the carrier spectrum utilization > 90%.
Proposal: RAN1 should support fractional PRB at the edge of channel bandwidth.
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5 Appendix
Table 4. Evaluation Parameters
	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	Duplex 
	FDD/TDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	15KHz / 30kHz / 30kHz

	Guard time interval
	6.7% / 13.4% / 6.7% overheads

	FFT size 
	1024 for 15KHz, 512 for 30kHz

	Data transmission bandwidth 
	9 MHz, 

	Antenna  configuration
	1T1R   

	MCS 
	64QAM: 1/2 (TBS: 25200bits)

	Control Overhead 
	Zero

	Channel estimation 
	Ideal

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

	PA output power
	46 dBm

	Output Power Back-off (OBO) from PA saturation power
	11.6 dB
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