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Introduction
In RAN1 #86bis, measurement RS design principles were discussed and following has been agreed as a progress: 
Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs
Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE

In this contribution, we discuss further details on downlink and uplink measurement reference signals for NR.
Downlink Measurement Reference Signal
The CSI-RS has been introduced in Rel-10 and evolved in the following releases in the context of CoMP and (e)FD-MIMO. It is a quite flexible and can support various scenarios and use cases such as the following:
· It is configurable in a UE-specific manner, thus UE-specific beam (or antenna virtualization) can be used to reduce RS overhead
· Multiple CSI-RSs can be used with different beams which enables beam measurement for analog and/or digital beamforming schemes in beam-based system
· The RS overhead can be controlled with dynamic on/off or periodicity configuration
· It supports interference measurement without serving cell signal interference by using zero-power CSI-RS
· CSI-RSs can be configured for geographically separate TRPs with QCL 
It seems that the CSI-RS framework in LTE already supports wide range of use cases in NR although the detailed designs can be tailored for NR framework. In order to reduce the standard efforts, it is recommended to use LTE CSI-RS framework as a starting point for NR measurement RS design.
Proposal-1: use LTE CSI-RS framework as a starting point for NR measurement RS design
A new antenna model using antenna panel has been agreed for NR. In this model, as illustrated in Figure 1, a gNB may have several antenna panels, where an antenna panel is defined as a two dimensional planar array of antenna elements. With the introduction of panels, two important considerations that emerge are the synchronization between the panels and whether the quasi co-location (QCL) assumption holds. Although it may be assumed the transmit receive units within a panel are synchronised, synchronization between panels may not be possible to due to hardware constraints or usage of different local oscillators. In addition to this, depending on the placement of the panels, QCL assumption may not always hold. New virtualization techniques would be necessary to support this new antenna architecture so that a high number of antenna ports and different types of beamforming may be supported. These changes will require new CSI-RS design techniques to be studied in conjunction with the new antenna model. For example, when it is not feasible to virtualize antenna elements over non co-located panels, separate CSI-RSs may be configured for different panels.
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Figure 1. antenna model in NR
In the case that panels at a gNB transmitter are not synchronized, a full power transmission is only allowed with non-coherent transmission. Since the full power transmission has been supported for better cell coverage, non-coherent transmission across panels may need to be supported when panels are not calibrated. This may require additional UE receiver implementation complexity to demodulate the received unsynchronized signals combined RF domain. Therefore, the trade-off between coverage gain and UE complexity should be investigated. 
Proposal-2: study necessity of non-coherent transmission for cell coverage when panels are not calibrated
In a beam-based system, multiple beams, each with a different beamwidth can be used according to the downlink channel. For instance, beams with a wider beamwidth can be used for a control channel to make the control channel more robust to UE mobility and to support a group of UEs while beams with a narrower beamwidth can be used for a data channel for higher throughput performance.
A hierarchical beamformed CSI-RS can be used for better support of beam measurement with different beamwidths. For example, a single wide beam can be associated with multiple narrow beams as shown in the Figure 2, where a widebeam may be used for a control channel and the associated narrow beams may be used for a data channel. Therefore, a UE may search a preferred narrow beam among the associated narrow beams and report the narrow beam index for beam adaptation.


Figure 2. An example of a hierarchical beamformed CSI-RS
Assuming that a UE is in control beam coverage, the hierarchical beamformed CSI-RS can reduce the beam index search space, thus resulting in lower UE complexity and signalling overhead.
Proposal-3: consider a hierarchical beamformed CSI-RS for a beam-based system
Uplink Measurement Reference Signal
It has been agreed that partial band SRS transmission is supported and the partial band size is configurable. In addition, the frequency band is consecutive for SRS transmission within the partial band used. This seems to be straightforward as it has been supported in LTE. The consecutive frequency resource has been used for SRS transmission in LTE in order to keep the single carrier properties. However, the frequency resource doesn’t need to be consecutive always in NR considering that OFDM is one of the waveforms used for uplink. For example, a UE may transmit SRS in a subset of PRBs within the partial band so that a UE may transmit SRS for wider bandwidth with a given transmission power. A non-contiguous frequency resource can be used when a UE is not coverage limited and OFDM waveform is used.
Proposal-4: support non-contiguous frequency resource within a partial band for SRS transmission when OFDM is used 
In uplink, a UE may be configured to use either OFDM or DFT-s-OFDM waveform based on a UE uplink coverage level. Hence, multiplexing of OFDM and DFT-s-OFDM in a same subframe should be supported at least in a FDM manner in order to avoid uplink scheduling restriction. Considering that a UE can be triggered to transmit SRS irrespective of the waveform configured, a unified SRS design for both waveforms should be considered, that support multiplexing of SRS from UEs configured with a different waveform.
Proposal-5: support a unified SRS design for OFDM and DFT-s-OFDM waveforms 
The SRS in LTE has been transmitted in the last symbol in a subframe. In NR, the SRS can be used for UE transmit beam sweeping and the beams may need to be transmitted in a TDM manner if analog beams are used. In this case, use multiple uplink symbols for SRS transmission may help reducing beam sweeping time, which reduces beam-pairing or beam-recovering delay. Therefore, the use of multiple consecutive uplink symbols for SRS transmission should be considered in NR. 
Proposal-6: multiple consecutive uplink symbols can be used for SRS transmission to support UE Tx beam sweeping
Summary
This contribution discussed on the design considerations for downlink and uplink measurement reference signals. Based on the discussions, we propose followings:
Proposal-1: use LTE CSI-RS framework as a starting point for NR measurement RS design
Proposal-2: study necessity of non-coherent transmission for cell coverage when panels are not calibrated
Proposal-3: consider a hierarchical beamformed CSI-RS for a beam-based system
Proposal-4: support non-contiguous frequency resource within a partial band for SRS transmission when OFDM is used
Proposal-5: support a unified SRS design for OFDM and DFT-s-OFDM waveforms 
Proposal-6: multiple consecutive uplink symbols can be used for SRS transmission to support UE Tx beam sweeping 
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