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1. Introduction
In the RAN1 #88bis, the agreements of DL beam indication 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.)

In the RAN1 #89, the agreements of DL beam indication 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


In the RAN1 Ad-hoc#2, the agreements of beam indication were made as following:

Agreements:
· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes
· Study the indicator(s) used for PDCCH and PDSCH 
· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types
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 #1: 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 #2: 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 PDCCH DMRS and PDSCH DMRS.
· Each NR-PQI state description can be updated by MAC-CE signaling. 

In the last meeting, reporting based beam indication method in [3] was proposed as following:
	· For beam management with beam-related indication, NR supports the following procedures, at least for the case when beam group reporting is not configured
1. Dynamic DL signaling of a low overhead indicator (LOI) when triggering UE measurement and reporting on a set of CSI-RS resources used for beam management purposes
· FFS: Detailed format of the indicator, including maximum bitwidth, e.g., [2] bits
2. Beam-related indication for PDSCH reception where the scheduling DCI contains a value of the LOI
· The UE may assume that the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most recent measurement report associated with the LOI value
3. Beam-related indication for PDCCH reception where a value of the LOI is signaled to the UE
· The UE may assume that the PDCCH DMRS is spatially QCL with the preferred CSI-RS resource from the most recent measurement report associated with the LOI value
· FFS: Signaling details for the LOI


When we assume that N serving beams are updated from N reported beams from UE, the reporting based beam indication method indicates that UE aligns its Rx beam of the first serving beam to the best beam from N reported beams and then it seems to be simple. However, the reporting based beam indication method would have some problems when UCI reporting error is happened. For example, when beam information is transferred by layer 1 signaling, i.e., UCI, it cannot be protected by HARQ operation so that UCI reporting error would cause beam failure since UE is assumed to align the Rx beam direction to the reported Tx beam after UCI reporting. In addition, the reporting based beam indication would restrict the scheduling flexibility of NW where the first serving beam is always updated by the best reported beam. Considering these disadvantages of the reporting based beam indication, measurement based beam indication which requires a signaling of beam information (e.g., CRI indication by MAC-CE as mentioned above) is more desirable.
Proposed #3: Measurement based beam indication which requires a signaling of beam information (e.g., CRI indication by MAC-CE signaling) is more desirable than reporting based beam indication.

2. Conclusion
In this contribution, we have studied DL beam management and proposed as following:
Proposed #1: For UE specific PDCCH reception, default mapping configuration should be provided by RRC signaling.
Proposed #2: 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. 
Proposed #3: Measurement based beam indication which requires a signaling of beam information (e.g., CRI indication by MAC-CE signaling) is more desirable than reporting based beam indication.
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