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1. Introduction
In the RAN1 Ad-Hoc meeting, the agreements of beam management for control and data channel transmission were made as following:
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 the RAN1 #88, the agreements of DL beam management were made as following:
Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable

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) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above

In the RAN1 #88bis, the agreements of DL beam management were made as following:
Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option
Agreements:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreements:
· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis
Agreements:
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS

Discussion on DL beam management details
It was agreed that CSI-RS supports beam management for NR, so that CSI-RS design should take analog beamforming aspects into account. Design requirement of CSI-RS for beam management and CSI-RS for CSI acquisition could be quite different in aspects of number of ports, time/frequency density, port multiplexing method and so on. Therefore, it would be necessary to design CSI-RS for beam management (i.e. CSI-RS type B) separately from the CSI-RS for CSI acquisition (i.e. CSI-RS type A). Main purpose of CSI-RS type A is the DL link adaptation analogous to LTE CSI-RS, and the main purpose of CSI-RS type B is the DL Tx/Rx beam management which does not necessarily require measurement accuracy for link adaptation so that CSI-RS type B could be sparser than CSI-RS type A from frequency density perspective at least. CSI-RS type B however may need to support transmission of more RSs within a slot to allow measurements of a large set of {Tx beam, Rx beam} hypothesis.
From unified CSI acquisition and beam management framework perspective, however, both CSI-RS types could be included in resource setting, and then different reporting setting can be associated separately, i.e. one for conventional CSI reporting and the other for beam reporting. 
Proposal #1: NR should consider designing two types of NZP CSI-RS separately.
· CSI-RS type A: mainly for DL link adaptation
· CSI-RS type B: mainly for DL beam management
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Figure 1: An example of whole DL beam management procedure.
As shown in Figure 1, DL beam management procedure can be two stages. TRP(s) and UE are able to have a coarse beam (e.g. a group of beams) alignment utilizing SS burst, and then the best TRP Tx beam(s) and UE Rx beam(s) can be found by using CSI-RS type B for beam management. In that case, a CSI-RS resource for beam management could be mapped to the coarse beam (i.e., the group of beams) so that finer Tx beam(s) selection and reporting could be done by antenna port selection within the CSI-RS resource. More details can be found in our companion contribution [1].
Proposed #2: Beam reporting should include CRI and port index within the selected CRI.
For the hierarchical beam management as shown in Figure 1, L1/L2 reporting of SS block measurement would be required. Note the L1/L2 reporting may include a cell identifier and/or SS block index associated the cell ID to cover multi-cell scenario at least for supporting efficient CoMP operation. Moreover, NR considered that the maximum number of SS blocks and the hypothesis of the cell ID would be up to 64 and 1000, respectively. In order to reduce the reporting overhead, neighbor cell ID list and/or its SS block subset restriction to be configured to UE for beam measurement may be needed.
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Figure 2: Illustration of necessary QCL indication for Type 2 CSI-RS resources.
Also, to support reasonable UE complexity in Rx beam searching, CSI-RS for beam management needs to be configured with proper QCL linkage to an SS block w.r.t. at least spatial QCL parameter. Illustration on the QCL relationship between a CSI-RS resource and an SS block is depicted in Figure 2, where an SFN-transmitted SS block beam-width (QCLed to a CSI-RS resource) can be divided by multiple transmitted CSI-RS ports within the resource, each corresponding to a different analog beam by gNB implementation. Note the QCL indication may include a cell/TP identifier associated with an SS block so that the beam management procedure covers multi-cell/TP scenarios at least for supporting efficient CoMP operations. More details can be found in our companion contribution [2].
Proposed #3: For UE RRC connected mode, SS block should be used for periodic beam management.
Proposed #4: NR should support L1/L2 reports based on SS-block measurements for beam management. 
In RAN1#87, three options to map CSI-RS for Tx and Rx beam sweeping was listed as captured above. Regarding the three options, it is sufficient to support only Option 1 which is written as follows for supporting the identified DL beam management procedures P-1, P-2, and P-3 without introducing other options. 
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
In this regard, P-3 can be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols and/or potential comb value setting, and P-2 can be supported by configuring multiple CSI-RS resources, each consisting of a single OFDM symbol. In addition, P-1 can be supported by combinations of P-2 and P-3 where multiple CSI-RS resources are configured, each consisting of multiple OFDM symbols as an example.
Beam setting for NR-PDCCH and NR-PDSCH
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Figure 3. Example of PDCCH monitoring with multiple Rx beams
For NR over 6 GHz, it is well known that beamforming techniques shall be adopted at both TRP(s) and UE side. Also, NR considered NR-PDCCH monitoring with multiple beam pairs to improve robustness. Then, in case of employing narrow Rx beams at the UE, the UE should know beforehand which UE beam(s) should be applied to receive the NR-PDCCH for higher link robustness. To this end, serving beam indication of which TRP(s) Tx beam is used is required to decode NR-PDCCCH. As mentioned before, multiple serving beams for NR-PDCCH monitoring can be configured where beam direction of each serving beam can be updated by beam reporting information such as CRI and/or port index. In Figure 1, NR-PDCCH can be decoded with different serving beams so that the NR-PDCCH blind decoding region can be divided by the serving beams. In Figure 1, we can see that the NR-PDCCH blind decoding region can be divided in TDM (i.e., Case 1) or FDM (i.e., Case 2) manner, respectively. In case of Case 2, it is possible to reduce control channel decoding latency and symbol duration resulting from confining search space by serving beams. Secondary serving beam can be used for PDCCH robustness purpose and assigned to longer duty cycle than primary serving beam so that not all DCI formats would be assigned to the secondary serving beam to reduce control channel decoding overhead especially if primary and secondary PDCCH are configured at the same slot.
Proposal #5: Consider supporting a reduced set of DCI formats for secondary serving beam.
For beam indication for monitoring NR-PDCCH, we can consider several signaling methods such as DCI signaling, MAC-CE signaling, RRC signaling, specification-transparent and/or combination of these signaling methods. First, some rules and/or configuration about time/frequency domain pattern can be used for NR-PDCCH reception in a given symbol/slot or NR-PDCCH time/frequency domain resource. To avoid scheduling restriction from above approach, dynamic indication of PDCCH beam can also be considered where the control beam information can be transmitted before the PDCCH transmission. If there are many candidate beams for NR-PDCCH reception, DCI-only indication may not proper due to restriction of DCI payload size so that two level indication based on L1 or L2 signaling together with RRC configuration can be considerable. For example, NR-PDCCH time/frequency/spatial domain monitoring resources of each serving beam index can be configured by RRC and then exact PDCCH serving beam(s) information can be indicated by dynamic signaling such as MAC-CE or DCI signaling. It is also possible that dynamic indication only when serving beam should be changed. In this case, it is possible that beam information of each serving beam can be updated implicitly based on beam reporting information. In other words, beam directions related to N serving beams can be mapped to M (>= N) beam reporting information in given rules such as RSRP/CQI based ordering where N is the number of serving beams for PDCCH monitoring. In this example, network may send a confirmation whether reported beam(s) are applied to each serving beam.
Proposal #6: Consider dynamic beam indication for NR-PDCCH, where the dynamic signaling indicates one or more of following information:
· Serving beam selection within a serving beam set
· Serving beam switching 
· Confirmation of beam change for each serving beam to reported beam(s)
Now, we discuss beam relationship between control and data channels. First, we can consider that Tx/Rx beams for DL data channel is the same as that for DL control channel. In case of using the same beams on control channel and the corresponding data channel transmissions, it allows to share DMRS for control channel and data channel demodulation so that DMRS overhead can be reduced. Also, there is no need to indicate additional beam information for NR-PDSCH which can reduce the signaling overhead. 


Figure 4. Example of using the different beams on control channel and the corresponding data channel transmissions
On the other hand, allowing decoupling beams for control and data can give more freedom to optimize data beam(s). For example, the serving Tx beam(s) for NR-PDSCH could be more sharpen than that for NR-PDCCH to improve the data throughput. Also, NR-PDSCH can be allowed to be transmitted from multiple TRPs as shown in Figure 2. In order to operate flexible DL data transmissions, it was agreed that NR-PDSCH beam information can be dynamically signalled via corresponding NR-PDCCH. In this case, there might need a time gap between control channel and data channel due to beam switching delay. Likewise, the time gap might also be needed for Case 1 in Figure 1. This feature may be up to UE capability regarding beam switching latency. 
Proposal #7: Consider introducing a time gap between primary PDCCH and secondary PDCCH and between PDCCH and PDSCH depending on UE capability.

2. Conclusion
In this contribution, we have studied DL beam management and proposed as following:
Proposal #1: NR should consider designing two types of NZP CSI-RS separately.
· CSI-RS type A: mainly for DL link adaptation
· CSI-RS type B: mainly for DL beam management
Proposed #2: Beam reporting should include CRI and port index within the selected CRI.
Proposed #3: For UE RRC connected mode, SS block should be used for periodic beam management.
Proposed #4: NR should support L1/L2 reports based on SS-block measurements for beam management.
Proposal #5: Consider supporting a reduced set of DCI formats for secondary serving beam.
Proposal #6: Consider dynamic beam indication for NR-PDCCH, where the dynamic signaling indicates one or more of following information:
· Serving beam selection within a serving beam set
· Serving beam switching 
· Confirmation of beam change for each serving beam to reported beam(s)
Proposal #7: Consider introducing a time gap between primary PDCCH and secondary PDCCH and between PDCCH and PDSCH depending on UE capability.
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