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1. Introduction
In the RAN1 #86bis, the agreement of beam management for control and data channel transmission was made as following:
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs
In RAN1 #87, several agreements of beamforming for downlink control channel were made as follows.
Agreements:
· NR to provide robustness against beam pair link blocking
· Study mechanisms to achieve the above purpose
· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., N=1, 2, …
· E.g., TDM monitoring, simultaneous monitoring, etc.
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive
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 

Beamforming at both TRP(s) and UE would be essential to reach coverage requirement for over 6 GHz NR. Then, it is natural that UE beamforming can be applied for NR physical downlink control channel (NR-PDCCH) or/and physical downlink shared channel (NR-PDSCH) receptions. In this contribution, we address the beam relationship between control channel and data channel.

Beam relationship between control and data channels
For NR over 6 GHz, it is well known that beamforming techniques shall be adopted at both TRP(s) and UE side. In fact, Rx beamforming at the UE side can improve the link budgets of DL control channel and data channel. Also, the UE beamforming for data channel can improve the UE data rate and overall system performance. Likewise, the enhanced received SNR of control channel results from the UE beamforming can relax the necessity of other means to enhance coverage such as repetition of signals or power boosting. 
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Figure 1. Example of PDCCH monitoring with multiple Rx beams
In case of employing narrow Rx beams at the UE, the UE should know beforehand which UE beam(s) should be applied to receive the NR-PDCCH for higher link robustness. Then, TRP(s) Tx beams and UE Rx beams for the downlink control channel should be associated. To this end, there needs to be some rules and/or configuration about time/frequency domain pattern which of the UE Rx beams should be used for NR-PDCCH reception in a given symbol/subframe or NR-PDCCH time/frequency domain resource. To avoid scheduling restriction from above approach, alternatively, dynamic indication of PDCCH beam can also be considered where the control beam information should be transmitted before the PDCCH transmission. One approach can be transferring the beam information utilizing a beam management related reference signal as a form of signature similarly to cell ID transferring using synchronization signal(s). To improve robustness, we can consider NR-PDCCH monitoring with multiple UE Rx beams which is shown in Figure 1. In that case, NR-PDCCH can be decoded with different UE Rx beams which are determined by the dynamic indication so that the NR-PDCCH blind decoding region can be divided by UE Rx beams (e.g., primary PDCCH and secondary PDCCH). 
Proposal #1: To assist UE Rx beam setting for NR-PDCCH monitoring, support at least one of following alternatives:
· Alt1. NR-PDCCH resource is divided and associated with NR-PDCCH beams by predefined rule(s) and/or semi-static configuration. 
· Alt2. NR-PDCCH beam(s) is dynamic indicated (e.g., L1/L2) before NR-PDCCH transmission
Now, we discuss beam relationship between control and data channels. First, we can consider that Tx/Rx beams for DL data channel is the same as that for DL control channel. In case of using the same beams on control channel and the corresponding data channel transmissions, it allows to share DMRS for control channel and data channel demodulation so that DMRS overhead can be reduced. Also, there is no need to indicate additional beam information for NR-PDSCH which can reduce the signaling overhead. 


Figure 2. Example of using the different beams on control channel and the corresponding data channel transmissions
On the other hand, allowing decoupling beams for control and data can give more freedom to optimize data beam(s). For example, the serving Tx beam(s) for NR-PDSCH could be more sharpen than that for NR-PDCCH to improve the data throughput. Also, NR-PDSCH can be allowed to be transmitted from multiple TRPs as shown in Figure 1. In order to operate flexible DL data transmissions, NR-PDSCH beam information can be dynamically signalled via corresponding NR-PDCCH. In this case, there might need a time gap between control channel and data channel due to control channel decoding latency and beam switching delay. Considering the delay, it is also possible to indicate the information of Tx and/or Rx beams for NR-PDSCH in later subframe. In addition, if we use the different beams on control channel and the corresponding data channel transmissions, PDSCH DMRS and PDCCH DMRS may need to be separated. 
For UL control channel and data channel transmissions, the UE can apply the DL Rx beam(s) to UL Tx beam(s) as discussed in a companion contribution [1] when Tx/Rx beam correspondence holds. If the UE has non/partial Tx/Rx beam correspondence, it would need prior information for UL Tx beams(s) for control channel and data channel in a similar way to the case of DL.
Proposal #2: In case of using the different beams on control channel and the corresponding data channel transmissions, the beam information for NR-PDSCH needs to be dynamically indicated by NR-PDCCH.

2. Conclusion
In this contribution, we have studied the beam relationship between control and data channels and proposed as following:
Proposal #1: To assist UE Rx beam setting for NR-PDCCH monitoring, support at least one of following alternatives:
· Alt1. NR-PDCCH resource is divided and associated with NR-PDCCH beams by predefined rule(s) and/or semi-static configuration. 
· Alt2. NR-PDCCH beam(s) is dynamic indicated (e.g., L1/L2) before NR-PDCCH transmission
Proposal #2: In case of using the different beams on control channel and the corresponding data channel transmissions, the beam information for NR-PDSCH needs to be dynamically indicated by NR-PDCCH.
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