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1 Introduction

In the RAN4 #82Bis meeting, RAN4 excessively discussed about maximum/minimum CBW and SCS for NR and made some agreement, as a results [1]-[5].
In this contribution, we provide our views on CBW and SCS for Rel-15 NR.
2 Discussion

For CBW and SCS for NR, we captured and summarized current RAN4 agreements in Table 1 based on [1]-[5].
Table 1. Summary of agreed CBW and SCS options for NR

	For bands
	Minimum CBW
	Maximum CBW
	SCS

	Below 1 GHz
	5 MHz
	[100 MHz]1
	15/30/[60]2

	1 GHz ~ 6 GHz
	
	
	15/30/60

	24 GHz ~ 52.6 GHz
	50 MHz
	[400 MHz]1
	60/120/2403

	Note 1. [] values is working agreement
Note 2. The decision of supporting 60kHz is pending RAN1 check

Note 3. 240kHz is not applicable for data


Considering Rel-15 NR completion date is Dec., 2017, we need further narrow-down of existing options for CBW and SCS in NR considering the following aspects;
· Co-existence with existing LTE network
· Maximum FFT size

· Residual frequency offset

· Used Sync/MIB size based on RAN1 decision

For Co-existence with existing LTE network, RAN4 discussed ACLR/ACS in NR system and ACLR/ACS of NR could be reused in NR system for sub 6 GHz. Our point of view is that current commercial LTE deployments mainly covers sub 3 GHz frequency bands. Based on such understanding, to eliminate the potential co-existence problem between NR and LTE, we think that 15 kHz of SCS needs to be considered for sub 3 GHz frequency bands.
Observation 1. SCS of 15 kHz for NR needs to be considered for sub 3 GHz frequency bands
For residual frequency offset, RAN4 traditionally permitted residual frequency offset up to ±0.1 ppm considering implementation complexity and cost of UE. In NR systems, we believe that the quality of commercial UE RF component compared to its cost would be similar with that in LTE. Thus, we prefer to reuse the existing ±0.1 ppm frequency offset requirement as baseline considering similar quality of RF components is expected in NR UE.

Observation 2. Frequency offset of ±0.1 ppm is reasonable for NR UE at least in Rel-15 time frame.

It is well known that residual frequency offset on OFDM based receiver can generate ICI between allocated subcarriers and the amount of ICI is proportional to normalized frequency offset w.r.t. SCS. If we consider certain level of residual frequency offset considering implementation cost, maximum achievable SNR will be limited due to ICI. In Figure 1, we present theoretical maximum achievable SNR due to ICI, considering equal PSD level in OFDM signal.
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Figure 1. Frequency offset versus Max achievable SNR

From Figure 1, we can see that normalized frequency offset should be less than 1.78% if we consider at least 30 dB maximum achievable SNR. Anyhow, we would like to point out that absolute frequency offset for 0.1 ppm is proportional to its operating carrier frequency. Thus, for NR system operating in high carrier frequency, we think that wider SCS might be needed to guarantee maximum achievable SNR due to ICI. In LTE case, 2 GHz carrier frequency is used in most of evaluations and in those cases, normalized frequency offset is about 1.33 % which corresponds to 32.4 dB of maximum achievable SNR. In that sense, we think that 30 kHz subcarrier space is needed to guarantee SNR exceeding 30 dB for frequency bands between 3 GHz and 6 GHz to maintain similar SNR upper bound.
Observation 3. SCS of 30 kHz in NR is needed to guarantee SNR exceeding 30 dB for frequency bands between 3 GHz and 6 GHz 
For maximum FFT size which is one of most important factor in OFDM based systems, RAN1 also discussed that maximum FFT size can be either 4096 or 8192. In our point out view, 8192 point of FFT size severely increases UE implementation complexity if we consider MIMO operation and its relevant Rx side channel estimation. Thus, maximum FFT size up to 4096 is reasonable for NR UE at least in Rel-15 time frame.
Observation 4. FFT size up to 4096 is reasonable for NR UE at least in Rel-15 time frame.
For Used Sync/MIB size which is tightly related with minimum CBW, RAN1 had already following agreement.

· Used sequence length for Sync : 127
· Actual subcarrier for Sync is still FFS
· Used subcarrier for MIB : 288

Based on current RAN1 agreements, we think that minimum CBW should be greater than or equal to 288 times of its SCS.
Observation 5. Minimum CBW should be greater than or equal to 288 times of its SCS.
Considering above Observation 1 to Observation 5, we present Table 1 as example for combination of CBW and SCS for NR to promote discussion in these issue.
Table 2. Example for combination of CBW and SCS for NR

	For bands
	Min. CBW [MHz]
	Max CBW [MHz]
	SCS [kHz]

	< 3 GHz
	5
	50
	15

	3 GHz ~ 6 GHz
	10
	100
	30

	24 GHz ~ 52.6 GHz
	50
	400
	120


3 Conclusion
In this contribution, we provide our views for CBW and SCS for Rel-15 NR.
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