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Introduction
RAN1 has made the following agreements related to beam management without beam indication.
Agreement #1: (RAN1#86bis):
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

Agreement #2 (RAN1#87):
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 

Agreement #3 (RAN1 NR Ad Hoc #1):
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 
· FFS: information other than QCL

Agreement #4 (RAN1#89):
· 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

[bookmark: _Ref178064866]In this contribution, beam management without beam-related indication is discussed.
Discussion
According to the agreements above, NR should support beam management without beam-related indication. The basic idea with beam indication is that the gNB informs the UE of an imminent TX beam switch. The UE would use the indication to update its RX beam, as another RX beam may be more appropriate for the new TX beam. In our companion contribution [1] we argue that, in many cases, beam indication is not necessary. In fact, the only cases where beam indication is required are
· Several beam pair links (BPLs) are maintained
· Simultaneous P2/P3 procedure is applied
· Beam grouping is used
In all other cases, beam indication is unnecessary. Furthermore, simulation results in [1] show no performance gains with a joint P2/P3 procedure compared to independent P2/P3 beam sweeps for the studied scenario. Therefore, operating beam management without beam-related indication seems to be sufficient when maintaining a single BPL.
When operating beam management without beam-related indication, the gNB and the UE performs stepwise updates of their beams. The gNB performs measurements on candidate Tx beams, under the assumption that the UE maintains its Rx beam, and vice versa: the UE performs measurements on candidate Rx beams, under the assumption that the gNB maintains its Tx beam. In [1], we outline a baseline beam management procedure based on establishment of a (coarse) SSB beam discovered during the RACH procedure followed by refinement based on ap-CSI-RS using a P2 and/or P3 procedure. 
Many of the procedures on beam indication have been designed under the assumption that the UE should adjust its Rx beams differently for PDCCH and PDSCH reception. However, this level of freedom is rarely needed, and brings additional complexity. Both the PDCCH and PDSCH can be transmitted with beams that provide the best SINR at the receiver. In many cases, this is the narrowest beam. In addition, introducing the possibility to switch analog Rx beams between PDCCH and PDSCH can lead to a more complex UE implementation than if the Rx beam switches are constrained to be between slots. For these reasons, we propose that for beam management without beam indication the QCL relation is common for PDSCH and PDCCH. 
For beam management without beam indication, the QCL relation for PDSCH and PDCCH is common.
Therefore, for beam management without beam indication, only a single TCI state is needed to convey the needed QCL relationships.
For beam management without beam indication, only a single TCI state is required to contain the needed QCL relationships.
However, DCI does not need to contain a TCI field since the QCL information can be provided by default QCL relations. 
[bookmark: _Toc494622254]The TCI field does not need to be present in DCI whenever beam management is operated without beam indication.
Based on these observations we make the following proposal 
For beam management without beam indication, the TCI field is not present in DCI.
Beam indication was introduced to allow the UE to adjust its Rx beam. During the beam management work, the P3 procedure has been designed for the purpose of Rx beam adjustment, and dedicated CSI-RS resource sets have been created for this purpose, i.e., with ResourceRep = “ON”. To enable beam indication without beam indication, these CSI-RS resource sets are used also as a spatial QCL reference. This is a quite natural interpretation of the P3 procedure: obviously, the UE must assume that subsequent DMRSs are QCL with the CSI-RSs transmitted during the P3 procedure. 

We summarize the discussion above in the following key proposal:
[bookmark: _Toc499217317]For beam management without beam indication using P3, the UE is configured with a single TCI state, and no TCI field is present in DCI. 
· The single TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition, or the ID of an SSB for time/frequency QCL purposes
· The single TCI state contains the ID of a single set of RRC configured ap-CSI-RS resources used for P3 (ResourceRep = “ON”) for spatial QCL purposes
· A configured CORESET contains a reference (ID) to the single TCI state
· The UE shall not expect to receive TCI indication in DCI
· The UE may assume that the PDSCH/PDCCH DMRS is QCL with the DL RSs contained in the TCI state with respect to the time / frequency / and spatial parameters


Conclusions
In this contribution, we made the following observations:
1. For beam management without beam indication, only a single TCI state is required to contain the needed QCL relationships.
The TCI field does not need to be present in DCI whenever beam management is operated without beam indication.
Based on the discussion in this contribution we make the following key proposal:
Key Proposal 1	For beam management without beam indication using P3, the UE is configured with a single TCI state, and no TCI field is present in DCI.
· [bookmark: _GoBack] The single TCI state may contain the ID of a p-CSI-RS used for time/frequency tracking purposes (TRS), the ID of a p-CSI-RS used for CSI acquisition, or the ID of an SSB for time/frequency QCL purposes
· The single TCI state contains the ID of a single set of RRC configured ap-CSI-RS resources used for P3 (ResourceRep = “ON”) for spatial QCL purposes
· A configured CORESET contains a reference (ID) to the single TCI state
· The UE shall not expect to receive TCI indication in DCI
· The UE may assume that the PDSCH/PDCCH DMRS is QCL with the DL RSs contained in the TCI state with respect to the time / frequency / and spatial parameters

We also make the following proposals:
1. For beam management without beam indication, the QCL relation for PDSCH and PDCCH is common.
For beam management without beam indication, the TCI field is not present in DCI.
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