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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1 January AH NR Meeting for Transmission scheme 2
Agreement: 
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS
· DMRS based SFBC
· For rank>1, 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS
· Large-delay CDD with non-transparent DMRS
· 
For transmit diversity for downlink control channels, the following agreements were made 
Agreements:
· Transmit diversity scheme for DL control channel is supported.
· FFS; SFBC or precoder-cycling, etc
· Other schemes are not precluded
· FFS number of antenna ports (1 or 2)
· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs
· FFS; if the fixed number is configurable

Since no decision was taken during RAN1#88 meeting, in this contribution, we provide our views on the transmit diversity scheme for both data channels as well as control channels.

The need of same TxD schemes for both data and control channels
Normally, 3GPP discusses the transmission scheme per channel based, which means the transmission schemes for control and data channel are discussed separately. Meanwhile, same TxD scheme for control and data has always been beneficial since it can save standardization effort.  In our view, the benefit of same TxD scheme for control and data is more than saving standardization effort. With flexible RE mapping scheme, it’s likely that PDSCH RE will be mapped to the REs used for some CORESET (which is not occupied). Besides, with SPS scheduling, PDSCH may be transmitted on whole first OFDM symbol (no PDCCH at all). Essentially, PDSCH is interfered by a PDCCH or vice versa. From receiver’s point of view, interference cancellation is much more efficient if the interference transmission scheme is the same as that of signals. Therefore, we propose: 
Proposal 1: NR supports a common TxD schemes for both data and control unless technical issue is found 

Transmit Diversity Schemes for Data and Control Channels 
[bookmark: _Ref378529477]In this contribution, we focus on two candidate schemes i.e. DMRS based SFBC and random precoding or also called precoder cycling with one antenna port. 
1. DMRS based SFBC:  This scheme is similar to transmission mode 2 of LTE. Note that in TM2, the UE uses CRS for channel estimation for both CSI and data demodulation. However, for NR, since there is no CRS, we need a separate reference signals for channel estimation. We can use CSI-RS for channel estimation for CSI reporting for data channels similar to transmission scheme 1. However, for data demodulation a separate DM-RS needs to design as the DM-RS is non-precoded.   
1. Random Precoding with one antenna port:  In this scheme, the precoder cycling which is transparent to the UE is considered.  The rank 1 precoders are applied at the RB level. The DM-RS pattern designed for transmission scheme 1 can be reused for this scheme.   

 With ideal channel estimation, the performance of DMRS-based SFBC scheme outperforms random precoding. However, we expect that with practical channel estimation the performance of DMRS based SFBC and random precoding might be similar as the RS overhead required for SFBC is two times that of random precoding. In addition, the standardization effort is less for random precoding, we prefer random precoding should be standardized for transmission scheme 2 for rank1.  

Proposal 2:  Random precoding with one antenna port is preferred over DMRS based SFBC for transmit diversity operation of data and control channels.
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In this contribution, we provide our views on the transmit diversity schemes. Based on our observations, we have the following proposal:
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Proposal 2:  Random precoding with one antenna port is preferred over DMRS based SFBC for transmit diversity operation of data and control channels.
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