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1. Introduction
In RAN1#87 meeting, the following working assumption and agreements are made regarding QCL for NR:
	Agreements:
· Study the need of supporting UE feedback and contents if needed to assist QCL association between reference signal resources/ports with respect to UE spatial QCL parameter(s) to support UE side beamforming/receiving procedure
· Companies are encouraged to provide details of beamforming/receiving procedures and evaluate performance in terms of at least following metrics:  
· RS overhead 

· Overhead of UE feedback

· Spectral efficiency

Working assumption:

· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.

· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).

· Support UE reporting for related information, if necessary.

Agreements:
· 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 

Agreements:

· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 

· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where

· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.

· Further study at least the following aspects:

· FFS QCL aspects

· E.g., set of QCL parameters

· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.

· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs

· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI




In this contribution, we further discuss QCL assumptions and signaling in NR, based on the above agreements and working assumption.
2. Discussion on spatial QCL parameters
In RAN1#86, QCL definition for NR was agreed and five large-scale properties were agreed to be considered, which are delay spread, Doppler spread, Doppler shift, average gain, and average delay. In addition to these existing QCL parameters, in RAN1#86bis it is agreed for QCL framework in NR to be extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure. This 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. In this situation, we can say that a RRM-RS port and CSI-RS/DMRS port are QCLed in terms of dominant arrival angle.
The dominant arrival angle determines RX beamforming coefficients and can be viewed as a relatively large-scale property because analog beam may not be changed dynamically compared with digital beams. Without the QCL assumption, UE has to search multiple RX beam candidates, which is energy and time consuming. 
Proposal 1: A new type of QCL property on dominant arrival angle should be defined for NR, especially when analog beamforming is applied at the UE side.
Considering initial access related discussions, the mentioned RRM-RS can be further termed as MRS-1, 2, or 3 which may or may not be multiplexed in a SS block and is a single- or multi- beam RS, depending on further decisions in following meetings. As elaborated above, in order to support reasonable UE complexity in RX beam searching, CSI-RS related configuration via RRC or MAC should be able to include QCL indication to a particular MRS-x or a SS block index at least in terms of the spatial QCL parameter, where the UE can assume Power Angle-of-arrival Profile (PAP) from the CSI-RS is a subset of the PAP observed from the MRS-x or 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 2: To support reasonable UE complexity in RX beam searching, CSI-RS related configuration via RRC or MAC should be able to include QCL indication to a SS block index at least w.r.t. spatial QCL parameter(s), where the UE can assume Power Angle-of-arrival Profile (PAP) from the CSI-RS is a subset of PAP observed from the transmitted signals within the SS block.
In our companion contribution [1] regarding CSI-RS settings, we propose to further define Type 1 CSI-RS resource (for MIMO CSI feedback) and Type 2 CSI-RS resource (for DL beam management), based on previous agreements on such Type 2 CSI-RS resource for supporting DL Tx/Rx beam sweeping. Figure 1 shows an illustration of necessary QCL indication for Type 2 CSI-RS resources, as discussed above.
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Figure 1: Illustration of necessary QCL indication for Type 2 CSI-RS resources.
Note for measuring Type 1 CSI-RS resource for MIMO CSI feedback, proper QCL signalling should also be given to UE, e.g., linking to a Type 2 CSI-RS resource and port index pair, at least to help UE’s Rx beam setting.
Illustration on the QCL relationship between a Type 2 CSI-RS resource and an SS block (or MRS-1) is depicted in Figure 2, more elaborated in our companion contribution [2], where an SFN-transmitted SS block beam-width (QCLed to a Type 2 CSI-RS resource) can be divided by multiple transmitted CSI-RS ports within the resource, each corresponding a different analog beam by gNB implementation.
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Figure 2: An example of whole DL beam management procedure.
Proposal 3: In order to support reasonable UE complexity in RX beam searching, Type 2 CSI-RS resource needs to be configured with proper QCL linkage to an MRS-1 or SS block w.r.t. at least spatial QCL parameter.
3. Conclusion
This contribution discussed necessary QCL assumptions and signaling in NR. Following proposals are given, based on the discussion:
Proposal 1: A new type of QCL property on dominant arrival angle should be defined for NR, especially when analog beamforming is applied at the UE side.
Proposal 2: To support reasonable UE complexity in RX beam searching, CSI-RS related configuration via RRC or MAC should be able to include QCL indication to a SS block index at least w.r.t. spatial QCL parameter(s), where the UE can assume Power Angle-of-arrival Profile (PAP) from the CSI-RS is a subset of PAP observed from the transmitted signals within the SS block.
Proposal 3: In order to support reasonable UE complexity in RX beam searching, Type 2 CSI-RS resource needs to be configured with proper QCL linkage to an MRS-1 or SS block w.r.t. at least spatial QCL parameter.
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