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1. Introduction
In RAN1 NR Ad-Hoc, #89 meeting, the following agreements are made regarding QCL for NR:
	Conclusion:

· RAN1 considers a generic term “spatial Rx parameters” and defers to RAN4 performance testing the exact interpretation of “spatial Rx parameters”.

· The following interpretation alternatives for “spatial Rx parameters” can be further considered by RAN4:

· One or more of: AoA, Dominant AoA, average AoA, Power Angular Spectrum (PAS) of AoA, average AoD, PAS of AoD, transmit/receive channel correlation, transmit/receive beamforming, spatial channel correlation etc.

·  Prepare an LS – Mihai (Nokia) R1-1709822, endorsed by updating the 3rd paragraph with the above agreements, final LS agreed in R1-1709837
Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)

· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)

· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)

· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
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



In this contribution, we further discuss QCL assumptions and signaling in NR.
2. Discussions
In the last meeting, it is agreed that RAN1 considers a generic term “spatial Rx parameters” and defers to RAN4 performance testing the exact interpretation of “spatial Rx parameters”. Although the above listed interpretation alternatives for “spatial Rx parameters” can be further considered by RAN4, in this contribution we provide our view on the interpretation in the technical point of view. Such “spatial Rx parameters” is a new type of QCL property on arrival angle, especially when analog beamforming is applied at the UE side. During beam management procedure, UE may select several TX-RX analog beam pairs by measuring and comparing qualities of certain DL RS, e.g., RS port(s) for RRM (denoted by RRM-RS for convenience). TRP could select one of the UE preferred TX beams to transmit beamformed CSI-RS or DMRS ports. In that case, UE should know what RX beam should be set to receive these antenna ports among the candidate RX beams so that a TX beam direction corresponding to an RRM-RS port can be signalled to UE via a relevant QCL indication.
As elaborated above, in order to support reasonable UE complexity in RX beam searching, configuration of a CSI-RS resource should be able to include an explicit QCL indication to a particular SS block index at least in terms of the spatial Rx parameters, where the UE can assume Power Angle-of-arrival Profile (PAP) from CSI-RS port(s) within the CSI-RS resource is a subset of the PAP observed from an SS block, in consideration that a TXRU used for the CSI-RS transmission is at least to be used for the signal transmissions within the SS block in an SFN manner.

Proposal 1: To support reasonable UE complexity in RX beam searching, configuration of a CSI-RS resource should be able to include an explicit QCL indication to a SS block index at least w.r.t. spatial Rx parameters, where the UE can assume Power Angle-of-arrival Profile (PAP) from CSI-RS port(s) within the CSI-RS resource is a subset of PAP observed from the transmitted signals within the SS block.
Figure 1 shows an illustration of the explicit QCL indication for CSI-RS resources for beam management, as discussed above. 
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Figure 1: Illustration of necessary QCL indication for CSI-RS resources for beam management.
Illustration on the QCL relationship between a CSI-RS resource and an SS block is depicted in Figure 2, where an SFN-transmitted SS block beam-width (QCLed to a CSI-RS resource) can be divided by multiple transmitted CSI-RS ports within the resource, each corresponding to a different analog beam by gNB implementation. Note the QCL indication may include a cell/TP identifier associated with an SS block so that the beam management procedure covers multi-cell/TP scenarios at least for supporting efficient CoMP operations.
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Figure 2: An example of whole DL beam management procedure.
3. Conclusion
This contribution discussed necessary QCL assumptions and signaling in NR. Following proposal is given, based on the discussion:
Proposal 1: To support reasonable UE complexity in RX beam searching, configuration of a CSI-RS resource should be able to include an explicit QCL indication to a SS block index at least w.r.t. spatial Rx parameters, where the UE can assume Power Angle-of-arrival Profile (PAP) from CSI-RS port(s) within the CSI-RS resource is a subset of PAP observed from the transmitted signals within the SS block.
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