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1	Introduction
The beam management framework for Release-15 is almost ready. In this contribution, we discuss the identified flaws and inefficiencies of this framework and suggest necessary improvements to the signalling framework for beam management. This is a revision of R1-1806219.
[bookmark: _Ref178064866]2	Discussion
2.1 	Overview of the Rel-15 framework for beam management
The Rel-15 framework for beam management is based on the framework of spatial QCL assumptions and spatial relations in order to support e.g. analog beamforming implementations at the UE and/or the network (NW). The framework allows great flexibility for the network to instruct the UE to receive signals from several directions and to transmit signals in several directions.
Downlink beam management is performed by conveying QCL associations to the UE, particularly the spatial QCL is of relevance here (‘Type D’), which are encapsulated in TCI states. One TCI state contains one or two RSs, and each RS is associated with a QCL type.  
· PDCCH beam management: The NW configures the UE with a set of PDCCH TCI states by RRC, and then activates one TCI state per CORESET using MAC CE.
· PDSCH beam management: The NW configures the UE with a set of PDSCH TCI states by RRC, and then activates up to 8 TCI states by MAC CE. After activation, the NW dynamically indicates one of these activated TCI states using a configured TCI field in the DCI (by enabling tci-PresentInDCI) when scheduling PDSCH. 
· Alternatively, the NW may simplify the beam management by not enabling tci-PresentInDCI. in which case the UE uses the same TCI state for PDSCH as for PDCCH.
Uplink beam management is performed using configuration of spatial relations. A spatial relation is defined at the UE side between a received DL RS (SSB or CSI-RS used for DL beam management) or a transmitted SRS (used for UL beam management) on one hand and a transmitted PUSCH, PUCCH or an SRS on the other hand. Note that there is never any direct configuration of the spatial relation for a PUSCH: the PUSCH follows the spatial relation of either a PUCCH or an SRS. 
· PUCCH beam management: For PUCCH, the NW configures the UE with a set of 8 spatial relations using RRC, and subsequently activates one of these spatial relations using MAC CE. The spatial relation is defined per PUCCH resource
· PUSCH beam management: A PUSCH scheduled by DCI Format 0_1 is transmitted over the ports whereon a configured SRS resource may also be transmitted. Either two (codebook-based) or four (non-codebook-based) SRS resources can be defined in the SRS resource set. The NW selects which SRS resource in the set should be used using the SRI field in DCI. The spatial relation for these SRS resources is provided either by RRC (for periodic or aperiodic SRS) or MAC-CE (for semi-persistent SRS). For PUSCH scheduled by DCI Format 0_0, there is no SRI and the spatial relation instead follows that of a PUCCH resource.
· SRS beam management: Spatial relations for SRS are configured by RRC (for periodic and aperiodic) or by MAC CE (semi-persistent case)
2.2 Issues with the beam management signalling framework
The Rel-15 framework provides the NW with great flexibility in some areas, at the cost of quite some signalling. In some other areas, the specifications is overly restrictive and prohibits efficient (low signalling overhead) and rapid beam management. These limitations are particularly noticeable and costly when UE movement is considered. 
Furthermore, in the overwhelming majority of cases, the specified beam management flexibility is not useful: since the network will transmit to and receive from the UE in one and the same direction for both data and control. 
[bookmark: _Toc513662067][bookmark: _Toc521652807]In the most common deployment scenario, the NW will transmit all DL signals in the same direction, and the NW will receive all UL signals from the same direction.
As an example, consider a cell covered by 10 SSBs. A natural design choice is to use SSB as a QCL source for 10 TRSs, and as spatial relations for all uplink transmissions. Remaining DL RSs would use TRS as QCL source. Hence, we provide the following configuration:
· The PDCCH is configured with a list of TCI states that include the 10 TRSs in the cell, and the TCI state corresponding to the SSB identified during initial access is activated by MAC CE.
· The PDSCH is configured with the list of TCI states that include the 10 TRSs in the cell. The PDSCH is configured to ‘follow PDCCH’, by not enabling tci-PresentInDCI.
· Each PUCCH resource is configured with 8 spatial relations corresponding to 8 of the SSBs in the cell. The NW activates the spatial relation corresponding to the SSB identified during initial access, using MAC CE. A UE may need to be configured with many PUCCH resources, and just to pick a number, we assume that 20 PUCCH resources are required. Note that a spatial relation signalling by MAC-CE is needed for each PUCCH resource individually. 
· One semi-persistent SRS resource is configured. The spatial relation of that SRS resource is assigned in the MAC-CE activation command of the SRS resource. 
Note that we have excluded any updates of QCL references required for reference signals, such as CSI-RS or SRS used for link adaptation.
Once the UE moves out of the coverage area of the SSB identified during initial access, the NW must perform the following signalling:
· Activate a new TCI state for the PDCCH (MAC CE)
· Activate a new spatial relation for each of the 20 PUCCH resources (MAC CE)
· Provide a new spatial relation for the semi-persistent SRS (MAC CE)
If the UE moves out of the coverage area of the 8 spatial relations for PUCCH, the network must additionally
· Reconfigure the spatial relations for PUCCH (RRC), and activate one of them (MAC CE)
We even note that the UE may not have chosen the best SSB during initial access: it is sufficient that the UE chooses an SSB that is good enough. It may be so that the NW directly after initial access discovers that another SSB is better, directly leading to an update of the initial QCL associations and spatial relations.If all the associations and relations could be simultaneously updated, the signalling overhead would be greatly reduced. 
A similar issue is the PUSCH power control, where the UE is signalled a number of DL reference signals to estimate the pathloss. This number (4) is too low to avoid RRC reconfigurations. 
Hence, we propose
[bookmark: _Toc513662069][bookmark: _Toc521652808]Reduce the signalling overhead by enabling simultaneous updating of many QCL associations and spatial relations. Furthermore, ensure that RRC signalling is not required to support intra-cell mobility.
Furthermore, in most cases, the association/relation signalling is based on measurement reports from the UE: the signalling simply confirms the update identified by the UE. This property should be studied further, with the aim to further reduce signalling, while still maintaining adequate network control:
[bookmark: _Toc513662070][bookmark: _Toc521652809]Study ways to facilitate autonomous updates of the QCL associations in the UE.
One way to facilitate autonomous update of the QCL associations in the UE would be to configure an RS with several QCL sources. The NW would then tell the UE that the QCL properties of the target is equal to the QCL properties of all the configured QCL sources, and the UE may use the QCL properties of any combination of the sources when demodulating the target RS:
[bookmark: _Toc521652810]Study ways to configure several QCL sources for one RS.
One example of such a multi-source QCL configuration would be to configure one TRS with several different SSBs as QCL sources.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In the most common deployment scenario, the NW will transmit all DL signals in the same direction, and the NW will receive all UL signals from the same direction.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reduce the signalling overhead by enabling simultaneous updating of many QCL associations and spatial relations. Furthermore, ensure that RRC signalling is not required to support intra-cell mobility.
Proposal 2	Study ways to facilitate autonomous updates of the QCL associations in the UE.
Proposal 3	Study ways to configure several QCL sources for one RS.
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