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1
Introduction
Multi antenna operation is a well-established technology in the wireless industry. The new radio is striving to deliver ubiquitous connectivity across a wide range of carrier frequencies. This vision is possible only through MIMO, especially in the high carrier frequencies. It is important the NR physical layer design provides a scalable design across the carrier frequencies, this being the major focus of this contribution. 
2
New radio targets
The 5G new radio is expected to operate in various carrier frequencies, ranging from 700 MHz to above 70 GHz. Large bandwidths are also targeted, for example 1 GHz. To circumvent pathloss problems at higher carrier frequencies, i.e. > 6GHz, the efficient usage of highly directional transmission and reception with the aid of beamforming can be seen as a primary technology component at both BS and UE sides. In the following discussion, we will consider, without loss of generality, 700 MHz, 4 GHz, 30 GHz and 70 GHz representative carrier frequency of diverse deployments ranging from wide area to small cell deployments. We find it important for the technical components of the new radio to scale smoothly across different frequencies and bandwidths.
3
Antenna configurations at transmitter and receiver
In [1] we have presented an overview of MIMO basestation architectures. It was concluded that baseband architectures provide a high degree of flexibility such as the ability to perform frequency-selective beamforming across OFDMA subcarriers, but at the cost of requiring a transceiver unit behind every antenna element. Such operation is more suitable to low carrier frequencies such as below 6 GHz. In comparison with baseband architectures, the RF antenna architectures are more useful when operating in the higher carrier frequencies and with higher system bandwidths where the cost and power consumption requirements of the baseband architectures become prohibitive. Due to the wideband nature of RF beamforming, frequency selective beamforming is generally not feasible. This takes us to the hybrid architecture which seeks to provide the advantages of both the RF and baseband architectures through the use of RF beamforming with baseband precoding. 

Observation: Digital, hybrid and RF MIMO architectures have particular advantages depending on the carrier frequencies and bandwidths.

An important dimension of the MIMO design is the antenna array size at both transmitter and receiver. As the carrier frequency increases, the wavelength decreases, and the number of antennas that can fit into a given fixed area increases significantly. In other words, as the carrier frequency increases the size of an array with a fixed number of antenna elements decreases significantly. To give a simple numerical example, by considering an array size of 343mm x 343mm one can fit a total of 128, 8292 and 37538 antennas in 3.5, 28 and 60 GHz respectively. 

According to the agreed simulation assumptions, the following basestation antenna configurations are envisioned: 
Table 1: Antenna configurations at BS and UE

	Carrier frequency
	700 MHz
	4 GHz
	30 GHz
	70 GHz

	Number of TRP antenna elements
	64
	256
	[256]
	[256]

	Number of UE antenna elements
	4
	8
	[32]
	[32]

	UE antenna element gain pattern
	Omnidirectional
	Omnidirectional
	3D antenna
	3D antenna


4
Design elements of scalable MIMO operation
4.1 

System access and control plane scalability
Naturally, the new radio would be based on system access procedures, similar, to a large extent, to other legacy systems. More precisely, it is expected that the UE would perform synchronization procedures to acquire frame timing, followed by system information readings (unlicensed operation would be part of a separate discussion). The access to the system may be assisted by another RAT or may be standalone. The system access procedures should be lean to the UE and, to a good extent, by this understanding that operating in different carrier frequencies should not involve particular UE procedures. For example the UE would “see” and monitor similar synchronisation signals regardless of the beamwidth being used. In 700 MHz system the synchronization signals would be transmitted by a wide beam, while in higher carriers it may be transmitted in a sweeping subframe containing multiple narrow beams. However the design should strive that a single synchronisation signal is specified and the UE is able to perform such readings in an agnostic way with respect to the transmitter array configuration. One small deviation would be in mMTC which would most likely need to benefit of longer transmission periods. After the synchronization signal acquisition, additional system information would be provided to indicate further system configuration parametrization which may be carrier frequency specific. For example in higher carriers the new radio physical broadcast channel would indicate the existence of a sweeping subframe for the narrow beams, something which does not exist in the lower carriers operating with only wide beams for the control plane. To put all of the above in plain language, the main design of the system access should scale across the frequency carriers, with the low frequency design being part of the higher frequency designs while the later having additional components. 
Table 2: Technology components scaling across NR frequency carriers

	Carrier frequency
	700 MHz
	4 GHz
	30 GHz
	70 GHz

	Amount of beams for control plane 
	One wide beam/multiple narrow beams, beam based control transmission
	One wide beam/multiple narrow beams, beam based control transmission
	Multiple narrow beams, control per beam
	Multiple narrow beams, control per beam

	Synchronization signal transmission, system messages: e.g. PBCH, etc
	In a single wide beam or in a sweeping subframe
	In a single wide beam or in a sweeping subframe
	In a sweeping subframe
	In a sweeping subframe

	RSRP based measurements
	Identification of best TRPs
	Identification of best TRPs / Identification of best beam(s) in serving and neighbour TRPs
	Identification of best beam(s) in serving and neighbour TRPs
	Identification on best beam(s) in serving and neighbour TRPs

	PRACH
	Single PRACH slot per PRACH period
	Single PRACH slot per PRACH period / in UL sweeping subframe
	 In UL sweeping subframe
	In UL sweeping subframe


Observation: a forward compatible design would imply the possibility to reutilize the same technology components across the deployment carriers.
Proposal: the main system access design should scale across the frequency carriers, with the low frequency design being part of the higher frequency designs while the later having additional components.
Proposal: beamforming of control plane is supported in all the carrier frequencies. 
4.2 

Data plane transmission

4.2.1
Reference symbols

The most important set of functionalities is related to the reference symbols as follows:

· User specific reference symbols for demodulation: dedicated reference symbols are having numerous system advantage from the possibility of being able to carry the precoding information in a transparent way for the UE, overhead confinement in the UE allocation, scalable design allowing multi-rank SU and MU operation (including interference estimation in MU).
· User specific reference symbols for channel state information computation, including resources used for interference estimation.
· User specific reference symbols needed to compensate various distortions depending on the carrier frequency. Here we include potential reference symbol needed in order to mitigate the phase noise which is a characteristic of the high carrier’s transmission.
4.2.2
CSI availability at transmitter for SU/MU MIMO operation
The flexible support of SU-and MU-MIMO operations should be supported in a transparent way such that is agnostic on operation carrier frequency and bandwidth. 
LTE provides a versatile toolbox when it comes to MIMO operations. The well-known CSI processes are to enable the transmitter to acquire different medium characteristics by configuring the UE with different transmission and interference characteristics, such as for example in CoMP where different transmission points may be assumed with different interference assumptions. Another efficient LTE design example is the flexible switching of SU/MU operation when operating on DMRS. 
Support for both open loop and closed loop MIMO operations is needed due to the following reasons: 1) low and high mobility scenarios are under interest of new radio 2) different latency requirements: low latency communications and fast CSI feedback not being the most compatible design goals.
In TDD based system, a channel reciprocity can be used to acquire enhanced CSI at transmitter side at both BS and UE. Clearly, it enables to use more advanced SU-/MU-MIMO DL and UL transmission schemes as well as being able to reduce signalling overheads.   
Another important topic is that transmission modes are agnostic to the acquisition of CSI, i.e. closed-loop, reciprocity. In general, the number of transmission modes in NR should be lower than in LTE where both CRS and DMRS based transmission modes are being used. In NR system, all transmission modes associated with u-plane operation should be based on DMRS. 

Observation: CSI processes consisting of transmission and interference hypothesis are an efficient way to construct CSI at the transmitter.

Observation: channel reciprocity should be exploited.
Proposal: transmission modes should be agnostic to the amount of layers paired, hence cover transparently the SU/MU operation.

Table 3: CSI, transmission modes and other components
	Carrier frequency
	700 MHz
	4 GHz
	30 GHz
	70 GHz

	CSI feedback framework
	CSI processes

	SU/MU MIMO
	Transparent to the UE

	Open/closed loop
	Agnostic to the carrier frequency

	Interference measurement
	Agnostic to the carrier frequency


5
Conclusion
In this contribution we have discussed aspects related to the scalability of the multi-antenna design across the NR carrier frequencies. The following may be summarized:
	Carrier frequency
	700 MHz
	4 GHz
	30 GHz
	70 GHz

	Amount of beams for control plane 
	One wide beam/multiple narrow beams, beam based control transmission
	One wide beam/multiple narrow beams, beam based control transmission
	Multiple narrow beams, control per beam
	Multiple narrow beams, control per beam

	Synchronization signal transmission, system messages: e.g. PBCH, etc
	In a single wide beam or in a sweeping subframe
	In a single wide beam or in a sweeping subframe
	In a sweeping subframe
	In a sweeping subframe

	RSRP based measurements
	Identification of best TRPs
	Identification of best TRPs / Identification of best beam(s) in serving and neighbour TRPs
	Identification of best beam(s) in serving and neighbour TRPs
	Identification on best beam(s) in serving and neighbour TRPs

	PRACH
	Single PRACH slot per PRACH period
	Single PRACH slot per PRACH period / in UL sweeping subframe
	 In UL sweeping subframe
	In UL sweeping subframe

	CSI feedback framework
	CSI processes

	SU/MU MIMO
	Transparent to the UE

	Open/closed loop
	Agnostic to the carrier frequency

	Interference measurement
	Agnostic to the carrier frequency

	Number of TRP antenna elements
	64
	256
	[256]
	[256]

	Number of UE antenna elements
	4
	8
	[32]
	[32]

	UE antenna element gain pattern
	Omnidirectional
	Omnidirectional
	3D antenna
	3D antenna


The following proposals may be summarized:
Proposal: 
· The main system access design should scale across the frequency carriers, with the low frequency design being part of the higher frequency designs while the later having additional components.
· Beamforming of control plane is supported in all the carrier frequencies. 
· Transmission modes should be agnostic to the amount of layers paired, hence cover transparently the SU/MU operation.
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Table 4: 3 sector TRP antenna radiation pattern for base station

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	[8] dBi


Table 5: UE antenna radiation pattern
	Parameter
	Values

	Antenna element radiation pattern in [image: image5.png]
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	Antenna element radiation pattern in [image: image8.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	[FFS] dBi


