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1
Introduction
In RAN#77, RAN has agreed to define UE categories for marketing purposes and observed industrial desire that the target data rate should be the same no matter which architecture option is to be deployed [1]. In RAN1#91, the equations for UE peak throughput calculation were also discussed and concluded in LS to RAN [2]. This paper will propose the numbers for NR UE categories base on the possible spectrum availibility for 5G commercialization by 2020.
2
Max. Data Rate Calculation for NR UE Category
2.1 Max. Bandwidth Assumption for NR Deployment by 2020
Base on public announced information of candidate spectrum for NR deployment by different regions, the following table roughly conclude the possible frequency range available for NR deployment by 2020.
	Frequency
	Potential Spectrum Availability for NR Deployment by 2020

	<3GHz
	< 20MHz at sub-GHz band in some regions
< 100MHz at sub-3GHz band in some regions 

	3GHz~6GHz
	< 500MHz in some regions (e.g. 3.3GHz~3.6GHz, 4.8~5.0GHz)

	>6GHz
	< 3GHz in some regions (e.g. 28GHz band, 39GHz band…)


Table 1 Potential Spectrum Availability for NR Deployment by 2020

Consider each region usually has more than 3 operators, the max. bandwidth available for NR deployment need to be further divided. For example, one operator may get up to 200MHz bandwidth for NR deployment at sub-6GHz range assuming total 600MHz divided by 3 operators. For >6GHz, up to 800MHz bandwidth would be a reasonable upper bound at 2020 time frame. Some example was also provided in RAN#77 meeting [3], which is also aligned with this observation.
Observation: 200MHz and 800MHz are reasonable assumptions on max. bandwidth for NR deployment at sub-6GHz and above-6GHz spectrum in the 2020 time frame. 
2.2 Max. Data Rate Calculation
Base on RAN1 LS [2], the following formula is used to derive the approximated data rate.
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wherein

· J is the number of aggregated component carriers in a band or band combination

· Rmax = 948/1024

· For the j-th CC,

· 
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 is the maximum number of layers 
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 is the maximum modulation order
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is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75. 
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is signalled per band and per band per band combination as per UE capability signalling

· 
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 is the numerology (as defined in TS38.211)
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 is the average OFDM symbol duration in a subframe for numerology 
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, i.e. 
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. Note that normal cyclic prefix is assumed.
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 is the maximum RB allocation in bandwidth 
[image: image11.wmf](

)

j

BW

 with numerology 
[image: image12.wmf]m

, as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where 
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 is the UE supported maximum bandwidth in the given band or band combination
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is the overhead and takes the following values

· 0.14, for frequency range FR1 for DL

· 0.18, for frequency range FR2 for DL

· 0.08, for frequency range FR1 for UL

· 0.10, for frequency range FR2 for UL
For downlink MIMO layers, up to 4 layers would be reasonable for FR1 and up to 2 layers would be reasonable for FR2. For uplink MIMO layers, up to 2 layers would be reasonable for FR1 and single layer would be reasonable for FR2. For modulation order, 256QAM could be feasible for both DL and UL for FR1, while 64QAM would be more reasonable upper bound for FR2. Base on these assumptions and proper quantization on aggregated bandwidth level, we can derive the following data rate targets under different scenario:

	#
	Downlink Assumption
	Max. Downlink Data Rate
(approximated)

	1
	100MHz, 4 Layers, 256QAM
	~2.56Gbps ( 2.5Gbps

	2
	200MHz, 4 Layers, 256QAM
	~5.12Gbps ( 5Gbps

	3
	800MHz, 2 Layers, 64QAM
	~7.30Gbps ( 7.5Gbps


Table 2 Approximated downlink max. data rate
	#
	Uplink Assumption
	Max. Uplink Data Rate
(approximated)

	1
	100MHz, 2 Layers, 256QAM
	~1.36Gbps ( 1.25Gbps

	2
	200MHz, 2 Layers, 256QAM
	~2.72Gbps ( 2.5Gbps

	3
	800MHz, 1 Layers, 64QAM*
	~4.03Gbps ( 3.75Gbps


Table 3 Approximated uplink max. data rate

In addition to agree on NR UE category, RAN should also decide in which spec. the NR UE category will be captured and maintained. Because RAN2 has agreed the signalling without the need of NR UE category definition, it is proposed to capture this definition in a RAN1 spec.

Proposal #1: RAN to decide which spec. (e.g. TS 38.306) to capture NR UE category
Proposal #2: Adopt the following NR UE Categories as a starting point
	DL UE Cat. Index
	Max. Data Rate

(approximated)

	1
	2.5Gbps

	2
	5Gbps

	3
	7.5Gbps


	UL UE Cat. Index
	Max. Data Rate

(approximated)

	1
	1.25Gbps

	2
	2.5Gbps

	3
	3.75Gbps


Table 4 Propose NR UE Category Definition

* Note: this example does not preclude UE to support FR2 by 2Tx, which is left to UE implementation decision.
2.3 UE Category Description for EN-DC
Due to ongoing RAN2 discussion on EN-DC signalling details, it is too early for RAN to conclude how NR UE category could be used to describe EN-DC max. data rate. But this should be concluded as soon as possible, latest by RAN#79 meeting in order to align with the accelerated milestone.

In general, the following principle should be applicable to each UE:
datarate{LTE+NR EN-DC} ≤ datarate{LTE only} + datarate{NR only}

Whether and how the UE hardware could be shared is up to UE implementation, and RAN2 signaling will ensure network have correct understanding on the exact UE processing capability.
4
Summary 
In order to avoid market fragmentation and initiate harmonization for 5G deployment by 2020, this paper recommends the following proposals for NR UE Category definition.

Proposal #1: RAN to decide which RAN1 spec. (e.g. TS 38.306) to capture NR UE category
Proposal #2: Adopt the following NR UE Categories as starting point
	DL UE Cat. Index
	Max. Data Rate

(approximated)

	1
	2.5Gbps

	2
	5Gbps

	3
	7.5Gbps


	UL UE Cat. Index
	Max. Data Rate

(approximated)

	1
	1.25Gbps

	2
	2.5Gbps

	3
	3.75Gbps
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