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1. Introduction
In the RAN1 #88, the agreements of DL beam management were made as following:
Agreements:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

In the RAN1 #88bis, the agreements of DL beam management were made as following:
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

In the RAN1 #89, the agreements of DL beam management were made as following:
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
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Agreements:
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

Discussion on DL beam management details
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Figure 1: An example of whole DL beam management procedure.
In RAN1 #89 meeting, it was agreed that NR supports spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS block of a cell. By using this, DL beam management procedure can be two stages as shown in Figure 1. 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 resource(s) 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. Then, it is desirable that SS block should be used for periodic beam management to reduce the CSI-RS overhead. 
Proposed #1: For UE RRC connected mode, SS block should be used for periodic beam management.
 For the hierarchical beam management, L1/L2 reporting of SS block measurement is also required. Meanwhile, it was agreed in RAN2 #98 that L3 reporting of SS block measurement is supported for mobility purpose where the L3 reporting would include SS block ID(s) and its beam level qualities calculated by L3 filtering. Since the L3 filtering would have a quite large latency at least several hundreds of millisecond, L3 reporting of SS block measurement is not proper to use for L1/L2 beam management. 
Proposed #2: L1/L2 reporting of SS block measurement should be supported for the purpose of beam management.
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 considers 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 and measurement complexity, neighbor cell ID list and/or its SS block subset restriction to be configured to UE for beam measurement may be needed.
Proposed #3: NR should consider a measurement subset restriction method for L1/L2 reporting of SS block for beam management.

1.1. Beam group reporting 
In RAN1 #89, NR agreed the beam group reporting parameters as followings
· For beam management with beam group reporting, the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
Considering this, beam group reporting would require log(M)*L + log(N)*L*Q + log(K)*L*Q bits of payload size where K is the number of states for RSRP reporting of the selected Tx beam. For example, when we assume (M,N,L,Q,K)=(4,64,2,4,32), the payload size for beam group reporting is 92 bits which has very large feedback overhead. Thus, NR should support mechanisms to reduce the overhead of beam group reporting. For example, some parts of Tx beam information and its RSRP at each group can be omitted when the Tx beam’s RSRP value is less than a certain threshold and then indicator of the omitted beam(s) would be reported instead. In addition, using RSRP offset feedback over the best Tx beam’s RSRP can help to reduce the feedback overhead.
Proposed #4: Support mechanisms to reduce feedback overhead of beam group reporting.

1.2. Beam indication for NR-PDCCH and NR-PDSCH
NR supports 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. 
For beam indication for monitoring UE specific NR-PDCCH, NR agreed that MAC-CE signaling and RRC signaling is used. For example, RRC signaling can be used for configuration about one or more time/frequency domain pattern(s) for each serving beam and MAC-CE signaling can be used to indicate exact beam or pattern information for NR-PDCCH reception. It was also agreed that MAC-CE signaling is not always needed for monitoring UE specific NR-PDCCH. Since UE is also needed to receive PDCCH until MAC-CE signaling is delivered, default mapping configuration should be provided by RRC signaling.
Proposed #5: For UE specific PDCCH reception, default mapping configuration should be provided by RRC signaling.
In order to operate flexible DL data transmissions, it was agreed that NR-PDSCH beam information can be dynamically signalled via corresponding NR-PDCCH. Also, it was captured in RAN1 #88bis that NR should aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving. According to the NR-PDSCH beam, it would be also required to indicate PDSCH RE mapping information which can include PDSCH starting symbol, e.g. for providing beam switching time gap and DCI decoding time in some cases, and ZP CSI-RS resource ID to protect CSI-RS of neighboring beams. Then, not only for the spatial QCL information but also PDSCH RE mapping information is required for DL scheduling assignment. Therefore, it should be considered to have joint encoding at least between them to reduce DCI payload size, as did in LTE specification with PQI field. In other words, supporting dynamic switching of the NR-PDSCH beam would be similar to CoMP DPS in terms of specification impact. Thus, we propose to support NR-PQI in NR-PDCCH, where each NR-PQI state jointly indicates PDSCH RE mapping and QCLed CSI-RS resource ID for PDSCH beam indication as well as CoMP, i.e., UE can be assumed to have the spatial QCL assumption from the CRI indication at each NR-PQI state which can be updated by MAC-CE signaling. If one of NR-PQI states refers to a default mode which does not have CRI indication, UE is assumed to have the same spatial QCL assumption between DMRS of PDCCH and DMRS of PDSCH.
Proposed #6: For NR-PDSCH beam indication, NR-PQI included in DCI can be used as follows.
· At each NR-PQI state, the spatial QCL linkage to a CRI is provided for NR-PDSCH Rx beam indication.
· One of NR-PQI states is used for default mode that is assumed to have the same spatial QCL assumption between DMRS of PDCCH and DMRS of PDSCH.
· Each NR-PQI state description can be updated by MAC-CE signaling. 

2. Conclusion
In this contribution, we have studied DL beam management and proposed as following:
Proposed #1: For UE RRC connected mode, SS block should be used for periodic beam management.
Proposed #2: L1/L2 reporting of SS block measurement should be supported for the purpose of beam management.
Proposed #3: NR should consider a measurement subset restriction method for L1/L2 reporting of SS block for beam management.
Proposed #4: Support mechanisms to reduce feedback overhead of beam group reporting.
Proposed #5: For UE specific PDCCH reception, default mapping configuration should be provided by RRC signaling.
Proposed #6: For NR-PDSCH beam indication, NR-PQI included in DCI can be used as follows.
· At each NR-PQI state, the spatial QCL linkage to a CRI is provided for NR-PDSCH Rx beam indication.
· One of NR-PQI states is used for default mode that is assumed to have the same spatial QCL assumption between DMRS of PDCCH and DMRS of PDSCH.
· [bookmark: _GoBack]Each NR-PQI state description can be updated by MAC-CE signaling. 
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