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Introduction

The 5G Study Item regarding the “Study on New Radio Access Technology” was approved at the 3GPP TSG RAN#71 meeting. It has the objective to be able to operate from sub 1 GHz to 100 GHz in a large variety of deployment scenarios in a single technical framework [1]. 
 
The following agreements were made in RAN WG1 meeting #85 on the Way Forward on Frame Structure. 

Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

Massive MIMO has been proposed as a promising candidate to meet the spectral efficiency targets for New Radio [5,6]. In this contribution, subframe structures that enable Massive MIMO in New Radio based on channel reciprocity are proposed. 


Reciprocity based Massive MIMO

Beamforming in Massive MIMO is based upon the time reversal property of electromagnetic waves. The wireless channel is reciprocal in the Uplink and the Downlink direction. This allows reuse of the Uplink channel estimate for Downlink Precoding. For each channel coherence interval, UL Channel Sounding is needed before UL Data and DL Data transmission based on that channel instance. The principle advantage of reciprocity based operation is a significant reduction in channel estimation overhead when compared to the other option of sending DL pilots from each DL antenna port, and receiving the CSI/PMI feedback on the UL. [2,3,6] 



As shown in above figure, reciprocity based Massive MIMO requires UL Pilot transmission to happen before the DL precoder can be generated at the eNB. 

Observation: Massive MIMO is based on channel reciprocity based TDD.

Observation: UL sounding pilots are used in Massive MIMO to generate Downlink precoders. 

We propose a family of subframe structures that can support reciprocity based CSI acquisition in the UL for multi antenna systems. Each subframe duration is assumed to be the same as time interval X. The principal characteristic of these subframes is UL Sounding Pilot transmission at the beginning of the subframe. 



Figure 1: Option 1 where a Time Interval X that consists of an UL Transmission part followed by Guard and a DL transmission part.
	
Option 1: As shown in Figure 1, Time interval X that consists of 
· UL Pilot transmission part
· An optional UL Control/Data transmission part
· Guard
· DL transmission part
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

Option 2: As shown in Figure 2, Time interval X that consists of 
· UL Pilot transmission part
· Guard
· DL transmission part
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· Guard
· UL Control/Data transmission part
 


Figure 2: Option 2 where a Time Interval X consists of a UL Pilot followed by Guard followed by DL Transmission part followed by Guard followed by the remianing UL Transmision part.

Proposal: Consider subframe structure in which the Uplink part, and specifically the Uplink sounding pilot, is transmitted at the beginning part of the subframe.

In addition to the two new subframe options proposed above, the subframe types considered in RAN1#85 can also be supported. These are shown in Figure 3 and 4 below and include Downlink only subframe, Uplink only subframe and a Downlink led subframe in which Downlink is followed by the Guard Period and then the Uplink part of the subframe. 



Figure 3 Uplink only subframe and Downlink only subframe




Figure 4: Self contained subframe with DL transmission part followed by Guard followed by Uplink transmission part.
  
Conclusions
In this contribution, we make the following observations and proposals.
Observation: Massive MIMO is based on channel reciprocity based TDD.

Observation: UL sounding pilots are used in Massive MIMO to generate Downlink precoders. 

Proposal: Consider subframe structure in which the Uplink part, and specifically the Uplink sounding pilot, is transmitted at the beginning part of the subframe.
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UE transmits UL Sounding Pilots


eNB obtains UL CSI for channel from UE to eNB


eNB obtains DL CSI from UL CSI exploiting Channel Reciprocity


eNB transmits precoded DL data to UEs 
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