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Introduction
In RAN1#85 and RAN1#86, the following is agreed for DL multi-antenna transmissions.
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE
Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing

This contribution discusses specification impacts of supporting these different DL multi-antenna schemes in NR. 
1 
2 
Unified Framework for NR Transmission Schemes
In the legacy LTE specifications, 10 different DL transmission modes (TM) are defined to support 7 different DL transmission schemes (TS). A TM is mainly defined with two DCI formats to allow dynamic switching between two TS. However, a TM may define more than just DCIs and supported TSs. A TM definition may be coupled with some implicit configurations; for example, TM10 is identical to TM9, except for the RS to be used for CSI feedback and the CSI feedback procedures. In addition, different TMs may support different RS for demodulation reference; for example, TM1-6 support AP0-3 based demodulation; TM7 supports AP 5 based demodulation; TM8-10 support AP 7-14 based demodulation. 
According to the current NR discussions, some of these LTE legacy TMs/TMs may not need to be supported in NR, especially when NR does not support CRS-like RS. If TSs that will be supported can be identified in the beginning stage of the NR, a unified framework to support these TSs should be able to be devised in RAN1. In addition, a special care can be taken to allow easy introduction of other TS when designing the unified framework. Hence, benefits of such a unified framework will include the specifications simplicity, more flexible UE/gNB implementations and forward compatibility. 
The ingredients for the unified framework include MIMO transmission chain, RS for demodulation reference, and DL control signalling; it is noted that CSI feedback can be independently configured as agreed to be studied in RAN1#86. 
The legacy LTE MIMO transmission chain includes CW-to-layer mapping and precoding; these may be considered as a starting point to define the NR transmission chain, with some potential modifications, e.g., number of CWs per MIMO transmission. 
RS for demodulation can be continued to be called demodulation reference signals (DMRS). A DMRS pattern may include UE-specifically configured components to help with Doppler and phase noise compensations [1][2][3]. 
Finally, DL control signalling include semi-static RRC configuration and dynamic DCI control signalling, and we believe that this can also be unified in a single framework instead of defining multiple TMs/TSs in the specifications. In legacy LTE, different DCI formats tend to be associated with different TSs, and some DCI payloads are implicitly configured according to a configured TS (or DCI format). However, this implicit association does not seem to be necessary. Indeed, for other LTE features, necessary fields have been added to an existing DCI format, rather than a new DCI format is created. For example, a carrier indication field (CIF) can be added to an existing DCI format when the UE is configured with cross carrier scheduling for carrier aggregation. Hence, it does not seem to be necessary to make an implicit relation between a TS with a certain feature and a DCI format; and it should be possible to configure a TS UE-specifically with explicitly configuring necessary features, e.g., number of supported layers, TxD-vs-SM, and so on. When a TS is configured this way, multiple TMs do not need to be explicitly specified. For each UE gNB can flexibly configure at least two TSs for dynamic switching and the specification only needs to describe a single TM with the flexibly configured TSs. The DCI payloads in UE-specific search space in this case will be UE-specifically determined according to the configured features, and no padding bits are necessary. This framework also naturally provides forward compatibility, in that any new TS that will be introduced will be supported with just inserting new fields in a DCI format. 
Conclusions
This contribution has discussed support of transmission schemes and transmission modes in NR, and made the following proposals.
Proposal: 
· Support a unified framework for DL control signalling related to MIMO transmission schemes, according to the following:
· A TS is UE-specifically configured with explicit configurations of features.
· DCI payload size is determined by the configured features.
· A TM is UE-specifically configured with at least two TS configured as above.
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