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1. Introduction
In this contribution, we discuss NR MIMO transmission mode and transmission parameters.

We have following agreement during RAN1 #86bis [1].
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
Agreements:
· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects
Agreements:
· CSI-related settings consisting of:
· CSI reporting settings
· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF
· FFS: Details of configurability
· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS
· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)
· FFS: Other RS for CSI measurement
· CSI measurement settings 
· To configure which RS setting is used for a particular CSI reporting setting

We have following agreement during RAN1 #86 [2].
Agreements:
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported


2. [bookmark: _Ref462254399]NR Transmission Mode and Transmission Parameters
In LTE, transmission mode is used to predetermine values of many parameters such as DCI format, RS and CSI measurement/reporting method and transmission scheme.
In NR, dynamic adaptation between different transmission schemes are desirable to support various 5G use cases efficiently. In order words, flexible configuration of different parameters should be supported. During the RAN1 #86bis meeting [1], independent configuration of CSI parameter was agreed. And thus, CSI feedback may be no longer binding with MIMO transmission mode. Relying on precoded or beamformed UE specific RS, the exact MIMO scheme for transmission can be transparent to UE. In this case, what UE needs to know for demodulation is MIMO encoder not MIMO scheme itself. And thus, minimizing number of MIMO encoder as well as utilizing transparent beamforming or precoding is the key to dynamic MIMO transmission scheme change.
Proposal 1. Strive to minimise number of MIMO encoder in NR.
Proposal 2. At least there is one mode of operation where beamforming is transparent to UE for demodulation purpose.
- FFS: On top of transparent mode, support non-transparent precoding for demodulation purpose.
With these assumptions, i.e. independent configuration of CSI parameter, transparent beamforming, small number of MIMO encoder, we may not need to define MIMO transmission mode. Instead, independent configuration of transmission parameter can be done. Example of such parameters are “spatial QCL [4] for data and control (which beam will be used for data and control channel)”, “using same or different beams on control channel and the corresponding data channel transmission”, “PRB bundling size for channel estimation”, etc. If physical layer control channel, e.g. NR PDCCH, can inform all necessary parameters for NR PDSCH decoding, then it provides full flexibility to the network. However, the NR PDCCH is very expensive channel, and it may be not possible to do this. Thus, we propose to split necessary transmission parameters into two and configures or informs separately, one by higher layer and the other by DCI.
Proposal 3. Transmission parameter can be independently configured.
Proposal 4. Define two sets of transmission parameters
- TransmissionSet1: parameters configured by higher layer
- TransmissionSet2: parameters indicated by physical layer signaling (e.g. NR PDCCH channel)
- Detail parameters are TBD
Additionally, there is a certain period when the values in higher layer configured parameter are not valid such as “before the higher layer configuration is done” or “the higher layer configuration is outdated” or “value update is required”. For example, during initial access, idle mode, or handover, etc. In this case, there should be some set of values for these parameters. Let’s call it DefaultSet. Note that transmission using this DefaultSet is similar to fallback mode. As the use of this transmission parameters or fallback mode should be minimal, it should be minimal impact on overall system performance. To reduce UE complexity, we propose to define these parameters in specification.
Proposal 5. For fallback transmission scheme, specify default values of parameters in the TransmissionSet1, define this as DefaultSet
- UE shall use DefaultSet whenever it can’t use values in higher layer configured parameters, e.g. during initial   access, idle mode, handover, etc
- Exact usage/procedure is FFS

Conclusions
 In this contribution, we discussed NR MIMO transmission mode and transmission parameters, and we proposed

Proposal 1. Strive to minimise number of MIMO encoder in NR.
Proposal 2. At least there is one mode of operation where beamforming is transparent to UE for demodulation purpose.
- FFS: On top of transparent mode, support non-transparent precoding for demodulation purpose.
Proposal 3. Transmission parameter can be independently configured.
Proposal 4. Define two sets of transmission parameters
- TransmissionSet1: parameters configured by higher layer
- TransmissionSet2: parameters indicated by physical layer signaling (e.g. NR PDCCH channel)
- Detail parameters are TBD
Proposal 5. For fallback transmission scheme, specify default values of parameters in the TransmissionSet1, define this as DefaultSet
- UE shall use DefaultSet whenever it can’t use values in higher layer configured parameters, e.g. during initial   access, idle mode, handover, etc
- Exact usage/procedure is FFS
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