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1
Introduction
A WF on UE mandatory channel bandwidth for NR bands was proposed in RAN4 #85 [1], but unfortunately there was no consensus. In this contribution, we discuss the UE mandatory channel bandwidth for new NR bands between 3-6GHz and above 24GHz (FR2) in terms of performance differentiation of NR and LTE.
2
Discussion
2.1
NR band for 3-6GHz
Today, standardization of many LTE 5DL CA combinations are completed and already successfully commercialized. For example, in June 2017, SK telecom has starts 5-band Carrier-Aggregation (CA) service with 70MHz DL aggregated bandwidth which supports up to 700Mbps data rates in over 53 cities in Korea.

Channel bandwidths for all NR bands are captured in [2]. For SCS 30kHz and 60kHz, the maximum channel bandwidth for 3-6GHz (i.e., n77/n78/n79) is 100MHz as shown in below table.

Table 1: Defined channel bandwidths for n77/78/79
	NR band / SCS / Channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	102,3  MHz
	153 MHz
	203 MHz
	253 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	n77
	15
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	NOTE 1:
1 the channel bandwidth is defined only as a BS channel bandwidth in these bands.


Since NR can cover larger frequency resources as a single channel bandwidth, NR (about 98%) has higher spectrum utilization compared to that of LTE (about 90%) as capture in table 4.5.1.1-3 in [3].

Table 2: Range 1 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	3.96
	8.64
	13.68
	18.36
	23.40
	38.16
	47.88
	58.32
	78.12
	98.28

	60
	N.A
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.20


However, all of n77/78/79 band are TDD which requires UL/DL switching and therefore, even if we define UE mandatory CBW as 100MHz for SCS 30/60kHz, LTE 5DL CA UE has wider effective DL spectrum compared to that of NR UE as shown in below table.

Table 3: Effective DL spectrum comparison (FDD LTE 5CA UE and 9:1 TDD NR UE for 3-6GHz)
	Band
	UE Capability
	SCS
	Spectrum Utilization
	Duplex
	Effective DL Spectrum

	LTE 5CC
(all 20MHz)
	5DL CA
	15kHz
	90MHz
	FDD
	90MHz

	NR 3-6GHz
Single CC
(n77/78/79)
	80MHz CBW
	30/60kHz
	About 78MHz
	TDD (9:1)
	About 70.2MHz

	
	100MHz CBW
	30/60kHz
	About 98MHz
	TDD (9:1)
	About 88.2MHz


Although, the spectral efficiency of NR may be higher than that of LTE, in our opinion, 80MHz CBW is not sufficient to guarantee that NR UE outperform LTE UE in terms of DL peak data rate since we do not consider the UL/DL switching time which is required in TDD NR only.
Observation 1: With 80MHz UE mandatory CBW for NR 3-6GHz with SCS 30/60kHz, peak data rate of TDD NR UE can be less than that of FDD LTE UE with 5DL CA.
2.2
NR FR2 (above 24GHz)
For SCS 120kHz, the maximum channel bandwidth of NR FR2 (n257/n258/n259) is 400MHz and all band are TDD.
Table 4: Defined channel bandwidths for n257/258/259

	NR band / SCS / Channel bandwidth

	NR Band
	SCS

kHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n259
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


In RAN4#84 meeting, consensus on spectrum utilization (about 95%) was reached for below mmWave bands [4], which can be found in the tables below:

Table 5: Spectrum utilization for below mmWave bands
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Also, low latency is one of most important feature brought by NR. However, In TDD communication system, symmetric UL/DL configuration (i.e., 1:1) is required to minimize round trip time since asymmetric UL/DL configuration will induce additional latency by waiting UL/DL switching.
Therefore, if we define the UE mandatory CBW for NR FR2 with 120kHz SCS as 200MHz, effective DL spectrum of LTE UE is comparable of that of NR UE for 1:1 TDD UL/DL configuration as shown in below table. 
Table 6: Effective DL spectrum comparison (FDD LTE 5CA UE and 1:1 TDD NR FR2 UE)
	Band
	UE Capability
	SCS
	Spectrum Utilization
	Duplex
	Effective DL Spectrum

	LTE 5CC
(all 20MHz)
	5DL CA
	15kHz
	90MHz
	FDD
	90MHz

	NR FR2
Single CC
(n257/258/259)
	 200MHz CBW
	60/120kHz
	About 190MHz
	TDD (1:1)
	About 95MHz

	
	 400MHz CBW
	120kHz
	About 380MHz
	TDD (1:1)
	About 190MHz


Observation 2: NR FR2 UE with 200MHz CBW and LTE UE with 5DL CA has comparable effective DL spectrum when we use 1:1 UL/DL configuration.
3
Conclusions
In this contribution, we compare effective DL spectrums of FDD LTE UE with 5DL CA and TDD NR UE in 3-6GHz and FR2. From the analysis, 80MHz UE mandatory CBW for NR 3-6GHz and 200MHz UE mandatory CBW for NR FR2 is not sufficient to differentiate NR UE and LTE UE in terms of downlink peak data rate. Therefore, we made the following proposal.
Proposal 1: Agree the following UE mandatory channel bandwidth with single CC configuration for NR 3-6GHz and NR FR2.
	Frequency Range
	SCS 15kHz
	SCS 30kHz
	SCS 60kHz
	SCS 120kHz

	NR 3-6GHz
	50MHz
	100MHz
	100MHz
	-

	NR FR2 (>24GHz)
	-
	-
	200MHz
	400MHz
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