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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 # 88bis and the following agreement was reached on the number of Codewords. 
Agreements:
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW
· One CQI is calculated per CW
Since NR supports multiple PDSCH transmission with multiple downlnink control channels, we describe how the multiple codeword MIMO can be implemented with multiple downlink control channels.
Multiple Codeword MIMO with Multiple DCI
[bookmark: _Ref378529477]In [1], we have shown through simulation results that 2 codeword MIMO performance is better than single codeword MIMO. However, within a single codeword framework, we can still achieve multiple codeword MIMO gains. To achieve this, we can schedule multiple downlink control channels. Note that the same frame work can be used for multiple TRP transmission. 
Figure 1 Message sequence chart for multi codeword MIMO with multiple DCI
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Figure 1 shows the message sequence chart of this scheme.  Similar to the conventional techniques the UE reports the CSI by measuring from CSI-RS signals. From the UE feedback, the gNB can decide whether to use single scheduling grant or multiple scheduling grants. For example, if the rank reported is 1 or 2, then it can use single scheduling grant. On the other case, if the rank reported by the UE is say 4 for a long time, then the gNB decides to choose multiple scheduling grants. Assume that the UE is configured to have multiple DCI’s, then the gNB can schedule rank 2 transmission with one DCI with DM-RS ports 1 and 2, and another rank 2 transmission with another DCI with DM-RS ports 3 and 4.  Once the UE detects the two scheduling grants, the conventional procedures of detecting the MIMO streams can be used.  Hence in our view multiple codeword MIMO can be supported with multiple DCI.
Note that for the above system to work, the UE needs to be configured to have multiple PDSCH transmission beforehand. We recommend, RAN1 should support RRC signalling to indicate to the UE that maximum number of PDSCH’s it should expect in a slot. Note that we assume each DCI corresponds to one PDSCH. 

Proposal 1: RAN1 should support RRC signaling to indicate to the UE about the maximum number of PDSCH. Should be configured to have multiple DCI


 


Note that the second DCI can be optimized as the number of resources allocated is same as that of first one. In this case, we request RAN1 should study the minimization of contents of second (or supplementary) DCI. For example in first second DCI, few bits can indicate which fields should be used from the first or main DCI. In this way, we can minimize the overhead of second DCI.

Proposal 2:  RAN1 should study techniques to optimize the second or supplementary DCI with multiple DCI transmission.
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[bookmark: _GoBack]In this contribution we presented how we can achieve multi codeword MIMO gains with multiple DCIs.    Based on our observations, 
We have the following proposal:
Proposal 1: RAN1 should support RRC signaling to indicate to the UE about the maximum number of PDSCH. Should be configured to have multiple DCI

Proposal 2:  RAN1 should study techniques to optimize the second or supplementary DCI with multiple DCI transmission.
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