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Introduction
In the last meeting, the following agreement was reached on beam indication.
Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 
· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)
· Option 1: Information indicating the RS antenna port(s) is indicated via DCI
· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication
· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication
· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported
· FFS: whether to support either or both options
· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel
· Note: Indication may not be needed for some cases:

In our companion tdoc [5], we present our views on the beam management procedure for PDSCH with the following observations and proposals.  
Observation 1: The beam management procedure for common PDSCH should not require active management by the network based on UE feedback, since common PDSCH needs to be received by UE in idle mode. 
Proposal 1: The RS used for beam measurement by the UE for beam management of common PDSCH (to determine the best Rx beam) should be based on a cell-specific RS.
Observation 2: The beam management procedure for unicast PDSCH requires active management by the network based on UE feedback. 
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDSCH should be based on UE-specific CSI-RS.
Observation 3: For unicast PDSCH, support for fall back to more robust beams should be further studied.
Control signalling for data beam management
In general, there are three options for the control signalling for data beam management, and their pros and cons are summarized in our companion tdoc [6]. Unlike the control beam management, the control signalling for PDSCH beam management needs to be dynamic in order to support transmission schemes, such as the dynamic point selection for CoMP. In fact, it can be viewed that L1 based beam indication for PDSCH is already supported since Rel-11 LTE for CoMP when the PQI is introduced in the DCI formats for DL assignment. It would be reasonable that at least L1 based beam indication is supported for NR. The beam management for the L1 signalling can be based on a more reliable mechanism such as the MAC CE signalling as discussed in [6].
On the FFS point listed under the L1 signalling option:  
FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication 
For improved reliability and for supporting schemes such as DPS, it is recommended to indicate the beam information in each DL assignment DCI format (if configured). This can also prevent issues with PDCCH misdetection event, and the additional DCI overhead associated with the QCL information is not significant when considering even more severe DCI signalling wastage and service disruption would be incurred when a PDCCH misdetection event occurs.
Proposal 1: Beam indication based on DCI signalling is supported for unicast PDSCH reception. The information indicating the RS antenna port(s) will be assumed only for the scheduled PDSCH.

However as mentioned in our companion tdoc [5], it should be further studied if fall back to more robust beams should be supported for unicast PDSCH. Support for more robust unicast PDSCH is analogous to the PDSCH corresponding to DCI format 1A of LTE. In this case, the supported beam indication mechanism should be further considered, since relatively better reliability would be useful for such a unicast PDSCH.
Observation 1: The beam indication method for receiving fall back unicast PDSCH should be further studied.    

When considering the beam management procedure for common PDSCH, it should be taken into account that such PDSCH need to be received by the UE during the initial access procedure, as well as during idle mode. As such, the beam management procedure for common PDSCH should not require active management by the network based on UE feedback. However, when the UE is RRC connected mode or in non-idle mode, the UE can feed back to the network the measurement reports of the beams or the RS corresponding to the beams, or indicate its preferred Tx beams. Certain common PDSCHs can be UE-group common in nature. Examples of such common PDSCHs are Random Access Responses (RAR), Paging, or even certain System Information Blocks (SIBs). It should be further evaluated if beam indication for the UE-group common PDSCH can be beneficial.
Observation 2: The need for beam indication for receiving (UE-group) common PDSCH for RRC connected UE should be further studied. 

Conclusions
This contribution discusses the control signalling for beam management for data channel. In particular, the following are proposed:
Proposal 1: Beam indication based on DCI signalling is supported for unicast PDSCH reception. The information indicating the RS antenna port(s) will be assumed only for the scheduled PDSCH.
Observation 1: The beam indication method for receiving fall back unicast PDSCH should be further studied.    
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