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1 Background
At its Adhoc meeting of RAN4 for NR in January 2017, operators were encouraged to provide initial inputs of possible frequency ranges or bands for NR deployment [1]. There was much argument based on the inputs as shown in Table 1.
Table 1: Summary of inputs to AH meeting from operators on NR bands
	Company
	R4-1700xxx
	Proposal

	Sprint, CTC, C-Spire, China Unicom
	255
	2496-2690MHz

	China Telecom
	256
	824-849/869-894MHz, 1920-1980/2110 – 2170MHz, 1710-1785/1805-1880MHz, 2496-2690MHz, 3300-3400MHz, 3400-3600MHz, 4400-4500MHz, 4800-4990MHz

	AT&T
	034
	37-37.6GHz, 37.6-40GHz

	DISH Network
	193
	12.2-12.7GHz

	Orange
	194
	703-748/758-803MHz, 832-862/791-821MHz, 1920-1980/2110-2170MHz, 1710-1785/1805-1880MHz, 2500-2570/2620MHz-2690MHz, 3400-3600MHz, 3600-3800MHz, 5.925-8.5GHz, 24.25-27.5GHz, 31.8-33.4GHz

	KT
	210
	880-915/925-960MHz, 1920-1980/2110-2170MHz, 1710-1785/1805-1880MHz, 2300-2400MHz, 3400-3700MHz, 26.5-29.5GHz, 24.25-27.5GHz, 31.8-33.4GHz, 37-40.5GHz

	CMCC
	162
	Around 3.5GHz 

	DOCOMO
	139
	3.3-4.2GHz, 4.4-4.99GHz, 26.5-29.5GHz. 

	China Unicom
	241
	3400-3600 MHz, 4800-4990MHz, 4400-4500MHz, 3300-3400MHz, 2496-2690MHz, 24.5-27.5GHz, 37-43.5GHz

	Verizon, T-Mobile
	244
	27.5-28.35GHz

	Etisalat
	267
	1427-1518MHz, 3400-3600MHz, 10.7-11.7GHz, 24.25-27.5GHz


In this contribution, we would like to provide our understanding and priority bands for the NR standardization of Rel-15 given that the initial guidelines as described in [2].
2 Discussion
As suggested in [2], RAN4 should to select the example band for Rel-15 NR standardization. Therefore, it is highly recommended that RAN4 should take into account having the criteria proposed in [2], i.e., regional plans (government-related), time for commercial deployments (operator-related) and technical feasibility (vendor-related) for each band, in order to satisfy clear market demands at the right time. In the following section corresponding aspects are analyzed respectively for the Rel-15 NR candidate frequency ranges.
Regional plans
For the first stage, the regional spectrum plans for NR deployments are introduced as shown in Figure 1 and 2. All information is narrowed down to the official announcement at the present written in public documents [3, 4].
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Figure 1: Candidate bands for NR deployment – below 6GHz
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Figure 2: Candidate bands for NR deployment – above 6GHz
Commercial deployment plan
For commercialization aspect, Table 2 shows the initial regional situations, as referred to in [3, 4], with the highly commercial deployment possibility and product availability before or immediately after the Rel-15 NR standardization finalization. 
Table 2: Summary of regional situations and target dates
	
	Frequency bands
	Time for deployments
	Product availability
(current stage)*
	Remarks (for Rel-15 WI)*

	US
	28GHz: 27.5-28.35GHz
	2018
	[Y]
	[Should be for Rel-15]

	
	38GHz: 37-40GHz
	
	[N]
	

	KOR
	3.5GHz: 3.4-3.7GHz
	 2018
	[Y]
	[Should be for Rel-15]

	
	28GHz: 26.5-29.5GHz
	
	[Y]
	

	JPN
	3.5GHz: 3.6-4.2GHz
	2020
	[Y]
	[3.5GHz and 28GHz can be for Rel-15]
[4.5GHz needs to be study, can be for Rel-16]

	
	4.5GHz: 4.4-4.9GHz
	
	[N]
	

	
	28GHz: 27.5-29.5GHz
	
	[Y]
	

	EU
	3.5GHz: 3.4-3.8GHz
	2020
	[Y]
	[3.5GHz can be for Rel-15]
[26GHz needs to be study, can be for Rel-16]

	
	26GHz: 24.25-27.5GHz
	
	[N]
	

	CHN
	3.5GHz: 3.3-3.6GHz
	2020
	[Y]
	[3.5GHz can be for Rel-15]
[Others needs to be study, can be for Rel-16]

	
	4.5GHz: 4.4-4.5/4.8-4.99GHz
	
	[N]
	

	
	[WRC-19: 26GHz, 40GHz]
	
	[N]
	


(*: Examples based on analysis of the current situation in contributor’s point of view)
Therefore, according to the information in figures and a table above, we would like to propose the frequency range around 3.5GHz / 4.5GHz and around 26GHz / 28GHz for the priority bands as the first phase of NR standardization. Detailed analysis of those two bands can be carried out based on the results from the stage above taking into account the technical feasibility combined with further detail commercialization plan.
Technical feasibility - Around 3.5GHz / 4.5GHz
As mentioned in [5], RAN4 should consider the trade-off between benefits of a large bandwidth and an easier or less complex implementation which are summarized in Table 3.
Table 3: Analysis of possible options in 3.5GHz and 4.5GHz band
	Opt
	Possible Bands
	Relevant region
(A:all, P:partial)
	Earliest time for deployment
	Fractional bandwidth
	Remarks (UE aspect)

	1
	3.4-3.8GHz
	KOR(A), EU(A), JPN(P), CHN(P)
	2018(KOR)
	11.1%
	· Highly possible at the present

	2
	3.3-3.8GHz
	KOR(A), EU(A), CHN(A), JPN(P)
	2018(KOR)
	14%
	· Maybe possible (not now)
· Can be considered in phase 2

	3
	3.3-4.2GHz
	KOR(A), EU(A), CHN(P), JPN(A)
	2018(KOR)
	21%
	· Impossible

	4
	4.4-4.99GHz
	CHN(A), JPN(A)
	2020(CHN, JPN)
	12.8%
	· Maybe possible (not now)
· Can be considered in phase 2


If the option 3 will be adopted, the devices would be required to have at least two filters in order to implement the whole band even for the country whose available spectrum is only a portion of that. Furthermore, concern on PA feasibility to support option3 as a single band is also arisen during the discussion, for which further study is needed.  For option 2 and 4, they may be possible in the near future, however, considering the earliest time plan for each option, they could be taken into account in phase 2 with regards to the UE availability
Accordingly, RAN4 should adopt option 1 as the WI for NR bands of Rel-15.
Proposal 1: For below 6GHz, option 1 (3.4-3.8GHz) should be adopted for NR bands of Rel-15 WI.
Technical feasibility - Around 26GHz / 28GHz
Most of plans in the bands above 6GHz are concentrated on 26GHz and 28GHz for their first stage of NR deployment. In this document, we would like to examine the optimum ranges for both regional plans and technical feasibilities and performance as summarized in Table 4.
Table 4: Analysis of possible options in 26GHz and 28GHz band
	Opt
	Possible Bands (GHz)
	Relevant region
(A:all, P:partial)
	Earliest time for deployment
	Fractional bandwidth
	Remarks (UE aspect)

	1
	24.25-27.5
	EU(A), KOR(P)
	2020(EU)
	12.5%
	· Maybe possible (not now)
· Can be considered in phase 2

	2
	26.5-29.5
	KOR(A), US(A), JPN(A), EU(P)
	2018(US, KOR)
	10.7%
	· Highly possible at the present

	3
	27.5-28.35
	US(A), KOR(P), JPN(P)
	2018(US)
	3%
	· Highly possible at the present

	4
	24.25-29.5
	EU(A), JPN(A), KOR(A), US(A)
	2018(US, KOR)
	19.5%
	· Impossible


Option 1 is to be determined by 2020 in EU and no trail plan announced currently, which could be studied in phase 2 in order to discuss the technical feasibility together with the deployment possibility.
Consequently, based on the analysis above, we can have two possible options, i.e., 26.5-29.5GHz and 27.5-28.35GHz, so that two scenarios can be considered for Rel-15 WI as below.
- Scenario 1: to take option 2 for a WI in the frequency range of 28GHz as one band
- Scenario 2: to take both option 2 and 3 for each WI in the frequency range of 28GHz as duplicate bands
Scenario 2 may cause to be cumbersome in terms of efficiency and complexity of UE, and moreover Figure 3 and other results from multiple industries show that there would be no difference between both option 2 and 3 with the same RF spec for FCC requirements. Therefore, RAN4 should take option 2 for a WI of Rel-15 in the frequency range of 28GHz as one band.
Proposal 2: For above 6GHz, option 2 (26.5-29.5GHz) should be considered for NR bands of Rel-15 WI.
3 Conclusion
In this contribution, we provide our understanding and priority bands for the NR standardization of Rel-15 based on the regional and time plan, and technical feasibility to choose NR band for Rel-15 WI. The proposals are as below. 
Proposal 1: For below 6GHz, option 1 (3.4-3.8GHz) should be adopted for NR bands of Rel-15 WI.
Proposal 2: For above 6GHz, option 2 (26.5-29.5GHz) should be considered for NR bands of Rel-15 WI.
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