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1. Introduction
In the prior RAN1 meetings, the following agreements on beam indication have been achieved.
Agreements:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
…
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
…
In this contribution, we will provide some further details on the beam indication.
2. Discussion
Beam pair link (BPL) definition
The beam pair link index is an index which refers port(s) of a RS that has been used for UE side beamforming. Based on the BPL index, UE shall be able to form a proper transmit beam in uplink, and UE shall be able to form a proper receive beam in downlink. The beam pair link could be based on the UE measurement and reporting information.
Beam indication signaling for PDCCH
Among the candidate signaling methods for beam indication for a NR-PDCCH, we propose to use combination of RRC signaling and MAC CE signaling. In our view, UE can be configured to monitor NR-PDCCH using higher layer signaling, and then establishes/updates which DL RS antenna port(s) to which beam pair link using MAC CE. Figure 1 shows an example of the down link beam monitoring configuration and beam pair link update procedure.
[image: ]
[bookmark: _Ref490168430]Figure 1  Example of downlink beam monitoring configuration and beam pair link update
Since NR-PDCCH monitoring configuration itself is not changing dynamically, it can be beneficial to be signaled using higher layer (e.g. RRC signaling). For example, gNB indicates to monitor best beam all the time while monitor second best beam once in a while. This type of configuration helps gNB to find out beam pair link blocking and connect to UE with alternative beam. There is tradeoff between overhead and latency depending on duty cycle of alternative beam monitoring. Another example is that gNB configures UE to monitor several beams all the time to enable a dynamic point selection (DPS) type of operation. 
After NR-PDCCH monitoring configuration and beam management, gNB establishes associations between NR-PDCCH DM-RS(s) and DL RS. In other words, gNB indicates receiver beam representing which monitoring beam. Note that here DL RS is RS for beam management. The establishment or association can be done whenever necessary. For example, DL RS index can be updated after beam management protocol (either by periodic, network initiated or UE initiated beam management). 
Since monitoring configuration is not changing dynamically and association information can be changed only when there is beam management protocol, there is no need for DCI based signaling. Still, for two step DCI, the receive beam for second step DCI can be indicated by either NR-PDCCH beam monitoring or NR-PDSCH beam indication depending on location of second DCI. Note, in RAN1 #89 meeting, it has been agreed that configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE. 
Proposal 1: Beam indication for a NR-PDCCH PDCCH (i.e. configuration method to monitor NR-PDCCH) is done by combination of higher layer signaling and MAC CE signaling.
- NR-PDCCH monitoring configuration is done by higher layer signaling.
- Spatial QCL assumption association between NR-PDCCH DM-RS(s) and DL RS is updated by MAC CE. 
Beam indication signaling for PDSCH
For beam indication on PDSCH, the signaling is conveyed over DCI. Regarding scheduling offset for NR-PDSCH beam indication, we prefer to apply scheduling offset or cross slot scheduling which anyway can be supported by BW adaptation handling and or measurement gap in dynamic TDD case. Delayed indication, i.e. indicating future beam only while applying current beam for the scheduled NR-PDSCH, is not applicable for DPS type of operation. 
Proposal 2: When DCI includes the beam pair link for NR-PDSCH, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
Overhead for beam indication
In order to reduce the overhead for beam indication, the beam indication could be based on the Tx beams reported by the UE. Thus the BPL will refers to a smaller subset of the entire Tx beams. For example, if the UE reported 6 Tx beams, then for the beam indication after the reporting, the gNB side could use three bits for beam indication. And the BPL may be updated after receiving each beam reporting. The BPL update can be based on the beams in the latest beam reporting. With beam correspondence, the BPL can be used to indicate both UL and DL beams. Without beam correspondence, the BPL for UL and DL should be defined separately. Then to update the beam(s) in a DL BPL, the beam index can rely on the latest beam reporting. To update the beam(s) in a UL BPL, the beam index can rely on the latest SRS for beam management.
If group based beam reporting is utilized, it should be further studied how to perform the beam indication.
Proposal 3: With beam correspondence, common BPL(s) should be used for both UL and DL.
Proposal 4: Without beam correspondence, for DL, the beam indication can be based on latest beam reporting so that overhead of beam index could be reduced; for UL, the beam indication can be based on the SRS for beam management.
3. Conclusion
In this contribution we have provided our views on details for beam indication. The proposals are as following: Details for DL Beam Management
Proposal 1: Beam indication for a NR-PDCCH PDCCH (i.e. configuration method to monitor NR-PDCCH) is done by combination of higher layer signaling and MAC CE signaling.
- NR-PDCCH monitoring configuration is done by higher layer signaling.
- Spatial QCL assumption association between NR-PDCCH DM-RS(s) and DL RS is updated by MAC CE. 
[bookmark: _GoBack]Proposal 2: When DCI includes the beam pair link for NR-PDSCH, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
Proposal 3: With beam correspondence, common BPL(s) should be used for both UL and DL.
Proposal 4: Without beam correspondence, for DL, the beam indication can be based on latest beam reporting so that overhead of beam index could be reduced; for UL, the beam indication can be based on the SRS for beam management.
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