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1 Introduction
In RAN#75, NR new WI was approved in [1] attached with several NR frequency ranges/bands and band combinations,  among which, 24.25-29.5GHz is one of  the promising frequency ranges for NR requested by many operators.
	Frequency range
/LTE band
	REL-indep.

from
	contact

name, company
	contact

email
	other supporting companies

(min. 3)
	status

(new, ongoing, completed, stopped)

	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


In RAN4#82bis, several contributions on frequency range 28GHz for NR have been proposed [2-6]. A WF on 28GHz spectrum has been approved as follows [7].
· There were two proposals regarding band definition for 24.25 - 29.5GHz
· Proposal 1 : 24.25 - 27.5GHz, 26.5 - 29.5GHz
· Proposal 2:  27.5 GHz – 28.35 GHz
· Based on technical inputs, RAN4 will decide one option between below two options by RAN4#83
· Option 1: Proposal 1 only
· Option 2: Proposal 1 & 2
Two options for NR bands on frequency range 24.25 - 29.5GHz are suggested to be selected in RAN4#83. The main difference between the two options is whether we need a separate band for frequency range 27.5-28.35GHz which is included in the range 26.5-29.5GHz. In this proposal, we provide our views on NR band definition for frequency range 24.25 - 29.5GHz.
2 Discussion
2.1
Frequency range on 24.25-29.5GHz
Fig. 1 shows the two proposals regarding to band definition for 24.25 – 29.5GHz.


[image: image1]
Fig.1 Band definition of 24.25-29.5GHz
Frequency range 24.25-29.5GHz gathers the potential NR spectrum requirements of around 26GHz and 28GHz in EU, China, Japan, Korea and US. The harmonization of NR frequency range is as follows,

· 26GHz band: 24.25-27.5GHz(EU&CHN)

· 28GHz band: 26.5-29.5GHz(KOR&USA&JPN)

As shown in [2], the relative bandwidth ratio 
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is very much related to PA’s power efficiency. The BWR for mm-wave band should be around 10% . From the aspect of implementation complexity, band Z with 27.5-28.35GHz has a much smaller value of BWR.
	
	24.25-29.5GHz
	24.25-27.5GHz (Band X)
	26.5-29.5GHz (Band Y)
	27.5-28.35GHz (Band Z)

	BWR
	19.6%
	12.6%
	10.7%
	3.0%


Observation 1: For frequency range 26.5-29.5GHz, it is technically feasible to support as a single band.
2.2
Considerations on frequency range 24.25-29.5GHz
Based on the harmonization consideration of NR spectrum requirements from different countries, together with the special requirements from some regions, the proposed 24.25GHz-29.5GHz frequency range is suggested to be split into two or three bands with a certain overlapping. The RF front end architecture depends on various factors, including the required configuration and performance targets. The two Bands X (24.25-27.5GHz) and Y (26.5-29.5GHz) will be covered with 2 separate PAs. The third possible Band Z (27.5-28.35) can use separate PA implementation or share PA module with band Y. Possible PA structures for option 1 and 2 are shown in Fig.2~3.
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Fig. 2  Reference structure of option 1 with two PAs in 24.25-29.5GHz
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Fig. 3a  Reference structure of option 2a with Band Y/Z shared PA in 24.25-29.5GHz

[image: image5]
Fig. 3b  Reference structure of option 2b with Band Y/Z using separate PA in  24.25-29.5GHz
 Observation 2: For frequency range 24.25-29.5GHz, if option 1 is applied, reference structure of two PAs on Band X and Band Y respectively is suggested.
Observation 3: For frequency range 24.25-29.5GHz, if option 2 is applied, reference structures of two PAs or three PAs on Band X, Band Y and Z can be used. Options 2a with Band Y/Z sharing one PA and option 2b with Band Y/Z using two separate PAs are suggested.
In Annex A of [8], frequency arrangement for overlapping operating band is provided in order to assist a UE derive the DL EARFCN and UL EARFCN in a multi-band environment, in which multiple overlapping operating bands may be indicated in the fields freqBandIndicator and multiBandInfoList of SIB1. The overlapping bands, independent of release, which may be indicated in a cell are shown in Table A-1 of [8] for applicable E-UTRA bands. As a result, in E-UTRA specification an indicator of MFBI (Multi-Frequency Band Indicator) was introduced to handle overlapping band issues. Similar to E-UTRA, if option 2 of frequency range 24.25-29.5GHz is applied, since Band Z is overlapped with Band Y, the similar mechanism of MFBI in NR spec should also be considered.
Table A-1 of [8]: Overlapping bands (multi-band environments) for each E-UTRA band

	E-UTRA Operating Band
	Overlapping E-UTRA operating bands
	Duplex Mode

	2
	25
	FDD

	3
	9
	FDD

	4
	10
	FDD

	5
	18, 19, 26
	FDD

	9
	3
	FDD

	10
	4
	FDD

	12
	17
	FDD

	17
	12
	FDD

	18
	5, 26, 27
	FDD

	19
	5, 26
	FDD

	25
	2
	FDD

	26
	5, 18, 19, 27
	FDD

	27
	18, 26
	FDD

	33
	39
	TDD

	38
	41
	TDD

	39
	33
	TDD

	41
	38
	TDD


Observation 4: For frequency range 24.25-29.5GHz, if option 2 is applied, an indicator of MFBI (Multi-Frequency Band Indicator) similar to E-UTRA should also be considered in NR specification. 
2.3
Comparison of two options in frequency range 24.25-29.5GHz
Based on the above discussion, in this section we will provide our considerations on the two options of frequency band definition in range 24.25-29.5GHz.  The performance, spec complexity and cost of implementation will be different among these options. Table 1 analyzes the pros and cons of the two options.

Table 1  Comparison of band definition options in 24.25-29.5GHz
	
	Option 1

(X+Y)
	Option 2
(X+Y+Z)

	
	
	2a (X+Y/Z)
	2b (X+Y+Z)

	PA performance

(incl. BWR, etc)
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	Implementation cost
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	Spec complexity

(incl. spec work load, etc)
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	Global harmonization
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	Regional requirement
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Proposal 1: For frequency range 24.25 - 29.5GHz, option 1 to specify two different bands in Rel-15 as below is preferred.
· Band X: 24.25 - 27.5 GHz
· Band Y: 26.5 - 29.5 GHz
3 Conclusion

In this paper, we provide our considerations on NR band definition for frequency range 24.25 – 29.5GHz. Feasibility of wide band PA implementation and reference PA structure have been investigated. For option 2, an indicator of MFBI (Multi-Frequency Band Indicator) is suggested. The comparison between two options for band definition in frequency range 24.25 – 29.5GHz has been given. The following observations and proposal are concluded.

Observation 1: For frequency range 26.5-29.5GHz, it is technically feasible to support as a single band.

Observation 2: For frequency range 24.25-29.5GHz, if option 1 is applied, reference structure of two PAs on Band X and Band Y respectively is suggested.
 Observation 3: For frequency range 24.25-29.5GHz, if option 2 is applied, reference structures of two PAs or three PAs on Band X, Band Y and Z can be used. Options 2a with Band Y/Z sharing one PA and option 2b with Band Y/Z using two separate PAs are suggested.
Observation 4: For frequency range 24.25-29.5GHz, if option 2 is applied, an indicator of MFBI (Multi-Frequency Band Indicator) similar to E-UTRA should also be considered in NR specification. 
Proposal 1: For frequency range 24.25 - 29.5GHz, option 1 to specify two different bands in Rel-15 as below is preferred.
· Band X: 24.25 - 27.5 GHz
· Band Y: 26.5 - 29.5 GHz
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