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1. Introduction

In RAN1#86, extensive discussion were conducted on the subject of multi-antenna schemes for new radio (NR) interface. Some of the focuses were on beam management, what kind of transmit schemes shall be supported, whether the dynamic switching between these schemes are needed, the frame structure for CSI transmission and feedback, QCL definition and clarifications.  Agreements were drawn on some principles and focus for further study. Among the agreements are the following
Agreements:
· RAN1 to study transmit diversity for both data and control channels
· Aspects to related to QCL (if any), # of ports, polarizations, etc.

· Demodulation reference signal for transmit diversity, if supported, could be

· UE-specific RS (if supported by NR)

· Shared (by two or more UEs)-RS (if supported by NR)

· Other types of RS are not precluded

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

These agreements address the needs for study on transmit diversity, spatial multiplexing, dynamic switching between these schemes. In this contribution, some further discussion on the benefits of some transmit schemes, the dynamic switching between these schemes, how to build a framstructure to achieve these goals are presented. 
2. Transmit schemes and their benefits
In LTE downlink, four main transmit schemes are used 
· Transmit diversity (TxD)
· Open-loop spatial multiplexing (OLSM)
· Closed-loop spatial multiplexing (CLSM)
· DMRS Spatial multiplexing
The first three schemes were introduced in Rel-8 and all used common reference signal (CRS) for data demodulations and the last one was introduced in Rel-9/10 and used DMRS for data demodulation. These schemes all have their own advantages. For example, TxD is based on Alamouti code and is very robust and for bad channel condition and high mobility, so it could be used for transmission to cell edge UE and some important transmission (control information etc). OLSM could benefit from the multi-layer transmission and thus improved data throughput, while, still maintain robustness when UE is moving fast. On the contrary, the CLSM requires UE to feedback channel characteristic and use them for precoding to compensate the channel distortion, it normally provides the best throughput when the UE mobility is low and channel aging is slow. The price paid however is the feedback overhead and lack of robustness when channel is aging quickly. The last scheme which is based on DMRS could be used to achieve the purposes that done by both OLSM and CLSM before, mainly due to the fact that even though the UE may still feedback channel state information (CSI), the eNB could choose a different precoding vector other than the one that is reported by the UE to precode the data because DMRS is precoded the same way as data and therefore they experience the same equivalent channel (precoding+ real channel ). 
In 5G NR design, the same or even more complicated channel scenarios may need to be supported compared with LTE, which include various UE mobility,  frequency dispersiveness, fast channel variation. In addition, the introduction of higher frequency (>6 GHz) would provide more frequency bandwidth for use, but on the other side, bring more challenges such as larger path loss, reduced coverage etc. To compensate some of the losses, some techniques are considered, which include beamforming technique. The beamforming use large antenna array to form directional beams towards the UE, and beamforming gain could compensate some path loss for higher frequency. In additional to that, from the discussions, it seems the common believe is that those schemes such as TxD, OLSM/CLSM as introduced in LTE could still bring benefits to MIMO transmission in NR and therefore, needs to be further studied. 
For example, one scenario that TxD could bring some benefit is that at the beam edge or cell edge, the TxD could be used to achieve soft-switching or handover instead of hard switching or handover. As shown in Figure 1 and 2, when the UE moves to the cell edge or beam edge, the beamforming gain from one beam would become smaller while at the same time, the UE could see the other beams, whether the other beam is from the same transmit and receive point (TRP) or different TRP.  In such scenario, using joint TxD transmission from both beams could improve the coverage and at the same time reduce the interference. 
Proposal
· Study joint TxD transmission between beams and cells for soft switching and handover. 
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Figure 1,  Two TRPs could transmit to the same UE using TxD
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Figure 2, Two beams from the same TRP could transmit to the same UE uing TxD
3. Dynamic switching between transmit schemes
The need and advantages of above-mentioned schemes (TxD, OLSM, CLSM etc) are obvious and beneficial. However, in LTE, the use of these schemes for the DL transmission are configured by eNB as different transmit modes and signaled to the UE in a semi-static way. That means the switching between these modes would take longer time. To correct this issue, in LTE, TxD was used in every transmit mode as a backup transmit scheme just in case if the channel experiences some sudden deterioration and the eNB could switch to TxD on subframe basis instead of continuously using normal transmit scheme (such as OLSM/CLSM) to maintain the basic but robust transmission.  In LTE, the indication of which transmit scheme (TxD and OLSM/CLSM) will be used in a subframe is detected by the UE based on their DCI formats with different lengths, that leads to more blind decoding (BL) of UE. 
In 5G multi-antenna system design, it is desired to switch between TxD and SM, which may include CLSM and OLSM. On the other side, it is also preferred to have one transmit mode configured for MIMO transmission, instead of configuring a couple of transmit modes for MIMO transmission like in LTE. This kind of unified design would first allow reduced configurations from system perspective and thus simplify specification and eNB and UE design, secondly, it could also make the switching among these transmit schemes more dynamic and lead to more robust performance. 
To achieve this, it is quite straightforward to have the transmit scheme indication carried by L1 control signaling, for example, DCI signal. The existing method used by LTE is to use length difference of DCI for each transmit scheme similar as in LTE and let UE to blind decode different DCI format until it succeeds, and assuming the corresponding transmit scheme as the one that eNB is going to use to transmit data channel (PDSCH).  The shortcoming of this alternative is if  it is desirable to support dynamic swathing among three or even more transmit schemes such as among TxD, OLSM and CLSM etc, the UE may need to blindly decode (BD) three DCI formats with different lengths, and that is 50% increase on BD efforts from LTE. To avoid too much BD efforts, alternatives need to be considered.
Proposal
· Study alternatives to indicate transmit schemes for dynamic transmit scheme switching
4. Conclusions
It in this contribution, some aspects on supporting multi-antenna transmit scheme for NR are discussed, which could be summarized in the following
Proposal
· Study joint TxD transmission between beams and cells during soft switching and handover. 
· Study alternatives to indicate transmit schemes for dynamic transmit scheme switching
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