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Introduction
In RAN1#89, it was agreed to support spatial QCL assumption between an SS-block and a CSI-RS resource, with possible inclusion of the other QCL parameters. 
[bookmark: _GoBack]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

It has also been agreed to support QCL assumption between two CSI-RS resources. In this contribution, we provide an overview of the possible QCL association configuration among the different beam management RSs, and how they can be QCL-ed with NR-PDCCH and NR-PDSCH.
QCL associations for beam management RS
NR should provide sufficient flexibility for the network to utilize the appropriate set of RS and configure the appropriate QCL relation among them in order to support wireless communication for different deployment scenarios and implementation options of a multi-beam system.
An overview of some example cases of QCL association configurations is illustrated in Figure 1. The cases depicted here are not intended to be comprehensive. Combinations of the cases, different case for different UE in the same network, or switching of the cases for the same UE are also possible.
Case a): Only the SS-block is implicitly/explicitly configured as QCL reference by the network. NR-PDCCH and NR-PDSCH are only QCL-ed with the SS block.
· This case allows support of streamlined beam management procedure without the need for UE-specific CSI-RS configurations. 
· This case is useful when the network or the UE does not need fine beam alignment required for high data rate transmission. It can also be useful with the SINR condition for the UE achievable with the SS block beam is already very high (e.g. it is close to the cell center with LOS).  
Case b): Both the SS-block and the CSI-RS are configured as QCL references by the network. NR-PDCCH is configured to be QCL-ed with the SS-block and the NR-PDSCH is configured to be QCL-ed with the CSI-RS.
· This case supports the scenario where the NR-PDCCH is transmitted on a coarse Tx beam, whereas the NR-PDSCH is transmitted on a fine Tx beam after a P2 procedure. In addition, the CSI-RS is configured to be QCL-ed with the SS-block.
· This case also supports the scenario where the NR-PDCCH and the NR-PDSCH are transmitted from different TRPs. In addition, the CSI-RS is configured to be QCL-ed with the SS-block corresponding to the separate TRP.
Case c): The CSI-RS is configured as the QCL reference by the network for both NR-PDCCH and NR-PDSCH. The CSI-RS is configured to be QCL-ed with the SS-block.
· This case enables both NR-PDCCH and NR-PDSCH to be QCL-ed with CSI-RS which can be transmitted on a different beam than that for the SS-block. The beam for CSI-RS can be narrower than that for the SS-block and hence can either support higher beamforming gain for higher spectral efficiency or support higher order MU-MIMO.
Case d): SS-block, periodic/semi-persistent CSI-RS, and aperiodic CSI-RS are configured as the QCL references by the network. The CSI-RS resources are configured to be QCL-ed with the SS-block.
· This case supports case (c) and in addition enables Tx and Rx beam refinement (P3 procedure) to be performed based on aperiodic CSI-RS resources. The NR-PDSCH can be received by the UE with the refined Tx and Rx beams.
· Explicit and implicit QCL association between RS resources are possible. Implicit QCL association can be considered at least for the following: If a NR-PDCCH that is QCL-ed with a RS resource triggers an aperiodic CSI-RS, the aperiodic CSI-RS is QCL-ed with the RS resource. Such implicit QCL association avoids the need for RRC configuration of the QCL relationship for the aperiodic CSI-RS and allows the aperiodic CSI-RS resource’s QCL relation to be dynamically switched between the periodic or semi-persistent CSI-RS. 
· [image: ]
[bookmark: _Ref485245697]Figure 1: Example QCL association between beam management RSs
Readers are referred to [1] for further discussions and our proposals on beam indication to realize the cases above.
Based on the discussion above, we have the following observation and proposal.
Observation 1: Exemplary QCL configurations among the beam management RS and the DL control/data channels are depicted in Figure 1. 
Observation 2: Explicit and implicit QCL association between RS resources are possible. Implicit QCL association can be considered at least for the following: If a NR-PDCCH that is QCL-ed with a RS resource triggers an aperiodic CSI-RS, the aperiodic CSI-RS is QCL-ed with the RS resource.

Conclusions
In this contribution, we presented our views on the QCL associations for beam management RS (SS-block and CSI-RS). Our observation is given below.
Observation 1: Exemplary QCL configurations among the beam management RS and the DL control/data channels are depicted in Figure 1. 
Observation 2: Explicit and implicit QCL association between RS resources are possible. Implicit QCL association can be considered at least for the following: If a NR-PDCCH that is QCL-ed with a RS resource triggers an aperiodic CSI-RS, the aperiodic CSI-RS is QCL-ed with the RS resource.
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