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1 Introduction
In our contribution R4-1700010 [1], we addressed UE architecture and performance assumptions for sub-6GHz NR. In this contribution, we are focussing on the UE antenna configurations that should be supported in DL and UL for the NR sub-6GHz WI.
2 Discussion
Since the beginning of the NR discussions in RAN4, antenna configurations for mm-Waves and beam-forming have been discussed at length and proportionally little attention has been paid to the types of antenna configurations to be supported for sub-6GHz NR UE. Also at each generation step of cellular technologies, higher numbers of antennas and/or antenna configurations have been considered.
2.1 Frequency of Operation and Number of Antennas
As already discussed in [1], on top of the new frequencies being considered for 5G in the 3.3GHz to 4.99GHz range of Table 1, a number of LTE bands can deliver significant bandwidth (in Table 2), which is key for NR to provide significant data rate improvement when compared to latest LTE technology below 6GHz.
Table 1: Currently investigated 5G bands in the 3GHz to 6GHz range

	NR Bands
	U/DL [MHz]
	BW [MHz]

	Region
	Mode
	LTE band
	Low
	High
	

	China
	TDD
	 
	3300
	3400
	100

	China
	TDD
	B42
	3400
	3600
	200

	Korea
	TDD
	 
	3400
	3700
	300

	EMEA
	TDD
	B42/43
	3400
	3800
	200

	Japan
	TDD
	 
	3600
	4200
	600

	China
	TDD
	 
	4400
	4500
	100

	Japan
	TDD
	 
	4400
	4900
	500

	China
	TDD
	 
	4800
	4990
	190


Table 2: Current LTE band offering good bandwidth for NR re-farming

	LTE Bands
	U/DL [MHz]
	BW [MHz]

	Region
	Mode
	LTE band
	Low
	High
	

	China
	TDD
	40
	2300
	2400
	100

	All
	TDD
	41
	2496
	2690
	194

	EU/CH
	TDD
	42
	3400
	3600
	200

	NAR
	TDD
	48
	3550
	3700
	150

	EU
	TDD
	43
	3600
	3800
	200

	All
	TDD
	46
	5150
	5925
	775


The 2.3GHz to 6GHz frequency range can be the focus for sub-6GHz high data rate NR. At these frequencies most advanced UEs in the pipe line will have four physical antennas and support 4x4 DL MIMO.
Observation 1: 

· 2.3GHz to 6GHz frequency range shall be the focus for NR <6GHz high data rate UE solution as it offers wide bandwidths to operators
· At these frequency it is physically viable to implement up to four antennas
2.2 Downlink Antenna Configurations to be Supported
LTE already mandates two receive antennas for data oriented UE categories, has introduced 4x4 DL MIMO and is now considering up to 8x8 DL MIMO. And since 4x4 DL MIMO will be shortly introduced in UEs we propose the following:

Proposal 1: DL antenna configurations to be supported from the beginning in the NR sub-6GHz WI phase are:
· 2x2 DL MIMO as minimum requirement

· 4x4 DL MIMO is covered from the start

· 8x8 DL MIMO is FFS
· Addition of UE DL beam forming when 4 or more antennas are available should be studied
2.3 Uplink Antenna Configurations to be Supported
As of today, even if UL MIMO is specified, UEs implement only one transmit antenna for LTE. It is to be noted that Wi-Fi solutions imbedded in today’s high end phones already support two transmit antennas and 2x2 UL MIMO. Similarly, antenna selection is commonly used to avoid drop calls due to shadowing effect of user’s head or hands. Taking this into account, and the usage evolutions where uploads will require higher UL data rates, we propose the following. 
Proposal 2: UL antenna configurations to be supported from the beginning in the NR sub-6GHz WI phase are:

· SISO as minimum requirement

· Antenna selection is covered from the start
· 2x2 UL MIMO is covered from the start

· 4x4 UL MIMO is FFS

· Addition of UE UL beam forming when two or more antennas are available should be studied
3 Conclusion
In this contribution, we consider the UE antenna configurations already specified and implemented for LTE and discuss the antenna configurations that should be supported during the work item phase to come in the sub-6GHZ UE NR scope. We make the following proposals for the Work Item phase.
Proposal 1: DL antenna configurations to be supported from the beginning in the NR sub-6GHz WI phase are:

· 2x2 DL MIMO as minimum requirement

· 4x4 DL MIMO is covered from the start

· 8x8 DL MIMO is FFS

· Addition of UE DL beam forming when four or more antennas are available should be studied
Proposal 2: UL antenna configurations to be supported from the beginning in the NR sub-6GHz WI phase are:

· SISO as minimum requirement

· Antenna selection is covered from the start
· 2x2 UL MIMO is covered from the start

· 4x4 UL MIMO is FFS

· Addition of UE UL beam forming when two or more antennas are available should be studied
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