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1. Introduction
In RAN plenary #75 new WID was agreed for NR. The WID attached a document with bands and frequency allocations for NR. The table is in appendix. This paper discusses possible band arrangement for ranges 24.5 - 29.5 GHz and 37 – 40 GHz.
2. Discussion

Device design in millimeter wave bands is very sensitive to component variations and parasitic components. The frequency responses are very much non flat. In [2] we submitted a patch antenna frequency response from where we could conclude that around designed fundamental frequency there is a band pass response, gain drops towards lower frequencies but at higher frequencies it returns to similar values than at fundamental. In Figure 1 here we plot at frequency response of an antenna array that targets to meet co-existence study assumption of 11 dB peak gain at 28 GHz. 
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Figure 1 Antenna array gain vs frequency
The peak gain of antenna arrangement indeed meets 11 dB at 28 GHz but as it can be seen, the variation already in the 28-upper band is more than 2 dB and if same HW were to be used in 28-lower band. This is due to resonance circuit nature of antennas.

Observation 1: mmW Antenna gain has a strong dependency of frequency

Figure 1 only includes gain of antenna, in addition, the PA has a matching network that is also a resonance circuit. Lower frequencies enable usage of multiple resonance design since the resonators are less prone to parasitic components and can have high quality factor. For 28 GHz, we expect that PA gain has at least similar gain droop towards edges of the operating band. 

Obervation 2: PA has a a similar gain droop as antennas do
If one single band was to be defined covering 24.5 to 29.5 GHz, we expect that minimum requirement for peak output power must have large relaxation. If is not feasible to design UE with so much extra margin that gain droops in antenna and PA can be compensated. In [3] we discuss the importance of meeting peak EIRP for mmW systems. We also do not see it feasible to define peak power requirement much lower and proper way forward is to split mentioned frequency range in to two bands:
Proposal: Two bands will be defined for 24.5 – 29.5 GHz frequency range.  28-upper covering 26.5 – 29.5 GHz and 28-lower covering 24.5 – 27.5 GHz.
For frequency range 30-40 GHz, the problem is less severe as the relative bandwidth is not that high and we believe a single band can be defined to cover 37-40 GHz. 
3. Conclusion
We discussed band arrangement for  24.5 – 29.5 GHz range and made two observations:

Observation 1: mmW Antenna gain has a strong dependency of frequency

Observation 2: PA has similar gain droop as antennas do
And made one proposal:
Proposal: Two bands will be defined for 24.5 – 29.5 GHz frequency range.  28-upper covering 26.5 – 29.5 GHz and 28-lower covering 24.5 – 27.5 GHz.
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4. Appendix

Table 1: Frequency ranges and LTE bands for NR in the WI
	Frequency range

/LTE band
	REL-indep.

from
	contact

name, company
	contact

email
	other supporting companies

(min. 3)
	status

(new, ongoing, completed, stopped)

	3.3-4.2 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange, Telecom Italia, British Telecom, Deutsche Telekom
	new

	4.4-4.99 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, 
	new

	24.25-29.5 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, KT, SK Telecom, LG Uplus, Etisalat, Orange, Verizon, T-mobile, Telecom Italia, British Telecom, Deutsche Telekom
	new

	31.8-33.4GHz
	REL-15
	TBD
	TBD
	Orange, Telecom Italia, British Telecom
	new

	37-40 GHz
	REL-15
	TBD
	TBD
	AT&T, Verizon, T-mobile
	new

	1.427-1.518G
	REL-15
	TBD
	TBD
	Etisalat
	new

	Band 3
	REL-15
	TBD
	TBD
	CMCC, China Telecom
	new

	Band 7
	REL-15
	TBD
	TBD
	CHTTL, British Telecom
	new

	Band 8
	REL-15
	TBD
	TBD
	CMCC
	new

	Band 20
	REL-15
	TBD
	TBD
	Orange
	new

	Band 28
	REL-15
	TBD
	TBD
	Orange, Swisscom, Telecom Italia, Telefonica, Vodafone
	new

	Band 41
	REL-15
	TBD
	TBD
	Sprint, China Telecom, C-Spire, China Unicom
	new

	Band 66
	REL-15
	TBD
	TBD
	T-mobile, DISH
	new

	Band 1
	REL-15
	TBD
	TBD
	China Unicom, China Telecom
	new
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