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1. Introduction
In RAN4 has received an LS from RAN1 [1] with following key message:
“RAN1 would therefore ask RAN4 for feedback which subcarrier spacings that are feasible at different carrier frequencies. RAN1 is currently studying the design and performance of phase noise tracking reference signal.”

In addition to information is LS, RAN1 has agreed to narrow down FFT size with the folowing agreement:

“Agreements
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15

· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands

· RAN1 asks the feasibility of at least followings

· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered

· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz

· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15

· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]

· The maximum FFT size is not larger than [8192, 4096, 2048]

· Prepare draft LS to RAN4 within today including the above agreements and past UE supporting bandwidth related agreement from the last RAN1 meeting.”
In RAN4#82 in Athens several papers discussed feasible numerologies for NR and WF [5] agreed that “For sub 6GHz 15kHz, 30kHz, and 60kHz are feasible SCS” and that “60kHz, 120kHz and 240kHz are potential candidates for SCS for above 6GHz”.  
2. Discussion

Issue to consider for sub carrier spacing for frequency range are phase noise impact to EVM and channel delay spread what CP can accommodate. CP length is a matter of agreement but guidance is to assume same CP overhead as in LTE. Subcarrier spacing becomes also a limitation with maximum FFT if supported CC is very wide. 
2.1. Phase noise

Phase noise has been discussed in RAN1 and Nokia has provided a compromise proposal for phase noise model [7] and we use that in our analysis here. This is also in line with the phase noise model shown in [4]. 
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Figure 1 Compromise proposal for phase noise [7]
We analyzed phase noise for different subcarrier spacing’s [8] but that analysis did not include all the numerologies and it was only for > 24 GHz. In Figure 2 we plot phase noise caused EVM which is analyzed with Common Phase Error (CPE) method. 
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Figure 2 Phasenoise only EVM for < 6 GHz and > 24 GHz for different SCS
For < 6GHz phase noise has no impact to EVM but for > 24 GHz phase noise is significant contributor at least with SCS < 120 KHz. 

Observation1: Due to physical nature of phase noise increase at higher frequencies, it is not feasible to support low SCS at high frequencies
2.2. FFT Size

Narrow CC BW deployments are not very probable at mmWaves. We discuss feasible channel BW’s for NR in [11] and limit our analysis to 400 MHz channel BW.

FFT size limits maximum subcarriers which translates to a limitation of SCS with wide CC BWs. This is also discussed in [3] where max FFT was set to 2048. Our preference would be to set max FFT size to 4096 to enable narrower SCS with wider CC BW’s and in [5] it was agreed that 4096 is feasible and 8192 is for further study.
Fixing FFT size we can tabulate possible SCS for different channel BW’s also considering feasible spectral utilization [9].
Table 2 feasible SCS vs channel BW with fixed FFT size
	
	
	CH BW [MHz]

	SCS [kHz]
	FFT
	5
	10
	20
	40
	60
	80
	100
	200
	400

	
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	4096
	25
	53
	109
	220
	331
	0
	0
	0
	0

	30
	4096
	11
	25
	53
	109
	164
	220
	275
	0
	0

	60
	4096
	4
	11
	25
	53
	81
	109
	136
	275
	0

	120
	4096
	1
	4
	11
	25
	39
	53
	67
	136
	275

	240
	4096
	NA
	1
	4
	11
	18
	25
	32
	67
	136

	480
	4096
	NA
	NA
	1
	4
	8
	11
	15
	32
	67


Studying table 2 and considering CC BW and center frequency relation, we can observe that:
Observation 2: Small SCS is not feasible with wide CC BW
Observation 3:  Wide SCS is not feasible at narrow CC BW 

2.3. Delay Spread

CP must accommodate the channel delay spread. Delay spread depends on the deployment and also for mmwave UE beam selectivity will suppress reflections so it also depends on UE implementation. We have discussed this in RAN1 paper [10] and conclude that normal CP with SCS of 60 and 120 kHz can accommodate observed delay spread but with 240 KHz some EVM degradation would happen.  
2.4. Summary

Considering phase noise, FFT size and delays spread, feasible SCS for < 6 GHz are 15, 30 and 60 kHz and for > 24 GHz 120 and 240 KHz. Therefore, we propose that feasible subcarrier spacing’s will be limited as follows
Proposal: RAN4 agrees that feasible SCS’s for operating frequencies  > 24 GHz are 120 and 240 KHz 
We also propose that RAN4 will reply to again RAN1 [1] accordingly. 
3. Conclusion

Phase noise, FFT size and delay spread was discussed and feasible SCS for < 6GHz and >24 GHz was concluded. Three observation were made:
Observation1: Due to physical nature of phase noise increase at higher frequencies, it is not feasible to support low SCS at high frequencies

Observation 2: Small SCS is not feasible with wide CC BW
Observation 3:  Wide SCS is not feasible at narrow CC BW 

We also proposed RAN4 will reply to RAN1 message with the following agreements
Proposal: RAN4 agrees that feasible SCS’s for operating frequencies  > 24 GHz are 120 and 240 KHz 
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