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Introduction
In NR Adhoc, Jan. 2017 [1], the following agreement was made for NR:
Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
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 this contribution, we discuss remaining issue of beam indication. 
Discussion	
First of all, we would like to discuss beam pair link and signaling support for downlink. 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) (spatial QCL assumption) to which beam pair link using MAC CE. The beam pair link establishment or update can be done whenever necessary. For example, beam pair link can be updated after beam management protocol (either by periodic, network initiated or UE initiated beam management). 

Figure 1 Example of downlink beam monitoring configuration and beam pair link update procedure



Figure 2 Example of downlink beam pair link update procedure using DCI
To support dynamic update of beam pair link transmission in NR-PDSCH, following options are considered in RAN1.
· 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
There are pros and cons of each options. For example, option 1 and option 3 rely on DCI. Depending on decoding latency, few OFDM symbols may not be able to receive using correct receive beamforming. These few OFDM symbols may be critical as it may contain DMRS REs. On the other hand, option 2 has a limitation in dynamic point selection (DPS) operation support. 
Proposal 1. NR-PDCCH monitoring configuration is done by higher layer signaling using downlink beam pair link.
Proposal 2. NR-PDSCH monitoring configuration is done by higher layer signaling using downlink beam pair link.
Proposal 3. Downlink beam pair link is signaled by spatial QCL assumption between DL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
Proposal 4. NR-PDCCH and NR-PDSCH monitoring configuration and downlink beam pair link are part of transmission parameter set 1. Default spatial QCL for all beam pair link is no linkage. E.g. Omni reception at UE.
Proposal 5. DCI may include the beam pair link for NR-PDSCH. In this case, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
Now, we would like to discuss beam pair link signaling support for uplink. For uplink, UE can be configured to use a certain beam for uplink transmission. If there is activation/allocation signal for the uplink transmission, the signaling for the activation/allocation can further inform which beam to use for the transmission. If there is no activation/allocation signal for the uplink transmission, e.g. ACK/NACK channel, either which beam to use can be informed implicitly or explicitly. Implicit signaling can be done by linking with downlink beam pair link. Uplink beam pair link can be established by UL RS index. 

Figure 3 Example of uplink beam pair link indication procedure
Proposal 6. Uplink beam pair link is signaled by UL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
Proposal 7. Uplink activation/allocation signal informs which uplink beam pair link to use for the corresponding uplink transmission.
Proposal 8. Without other explicit indication, beam pair link index for NR-PDSCH reception should be used in the corresponding ACK/NACK transmission.

Summary 
In this contribution we discussed beam indication on control and data channel.  
Based on discussion, following proposals were made:
· NR-PDCCH monitoring configuration is done by higher layer signaling using downlink beam pair link.
· NR-PDSCH monitoring configuration is done by higher layer signaling using downlink beam pair link.
· Downlink beam pair link is signaled by spatial QCL assumption between DL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
· NR-PDCCH and NR-PDSCH monitoring configuration and downlink beam pair link are part of transmission parameter set 1. Default spatial QCL for all beam pair link is no linkage. E.g. Omni reception at UE.
· DCI may include the beam pair link for NR-PDSCH. In this case, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
· Uplink beam pair link is signaled by UL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
· Uplink activation/allocation signal informs which uplink beam pair link to use for the corresponding uplink transmission.
· [bookmark: _GoBack]Without other explicit indication, beam pair link index for NR-PDSCH reception should be used in the corresponding ACK/NACK transmission.
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