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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. At RAN1#86bis [2] and RAN1 #87 [3], the following agreements on beam management for control channel were achieved, respectively:
	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



	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



In this contribution, we present our views on the beam management for control channel in NR systems.
Beam management for control channel
The downlink control channel and data channel have different requirements on the link performance and thus the beams used for control channel and data channel might be different. The downlink control channel requires high reliability and link robustness while does not require high data rate. On the other hand, data channel can target high data rate and utilize the retransmission mechanism to increase reliability. So, in > 6GHz NR system, the beams used for downlink control channel and downlink data transmission to the same UE would have different performance requirements. For example, the beams used for downlink control channel can have wider beam width (compared to that for downlink data channel) so that the beams are robust with respect to UE mobility and signal blockage. For the data channel, narrower beams can be used to deliver high beamforming gain so that higher data rate can be supported. 
The downlink control channel and data channel generally use different transmission schemes. The downlink control channel can use single port or transmission diversity scheme. The data channel can use multi-layer MIMO or multi-point transmissions, e.g., non-coherent joint transmission (JT). Different transmission schemes would require different optimized TRP Tx beams.
Proposal 1: NR supports using different beams on control channels and data channels.


Figure 1
The gNB should use different methods to indicate the beams used for downlink control channel and data channel. For the data channel, the gNB can use MAC-CE and/or the DCI to indicate the beams for data channel. In an example illustrated in Figure 1, the DCI scheduling associated with the PDSCH can be used to indicate beams used for the PDSCH transmission. MAC-CE (dynamic signalling) and/or RRC control (semi-static signalling) message can be used to signal the information of beams used for the control channel. 
Proposal 2: NR uses different methods to indicate the information of beam(s) for control channel and data channel 
Beams for control channel
The most important requirement for the beams for downlink control channel is reliability and robustness. The beams should be robust with respect to UE’s mobility. The beams should also be robust with respect to the signal blockage, e.g., as a result of a bus passing through between gNB and UE or the self-blockage due to human body.
One design consideration is the tradeoff between beam width and beamforming gain. Another method to increase the robustness and reliability to the downlink control channel is to use multiple TRP Tx beams from multiple TRPs to transmit PDCCH, as illustrated by an example in Figure 2. The gNB transmits PDCCH to UE #1 from three different TRPs A, B and C. By this manner, the transmission of PDCCH is robust against blockage between UE and one TRP. To combat the UE-side blockage, the UE can utilize multiple Rx beams which point to different directions to increase direction diversity for PDCCH reception. One example is that the UE cycles multiple Rx beam modes [4] for the reception of PDCCH transmission. Further details on Rx beam mode is discussed in companion contribution [4].   


Figure 2

Proposal 3: NR supports robust beam transmission scheme for downlink control channel
· E.g., multiple TRP Tx beams from multiple TRPs, with Rx beam mode cycling at the UE. 



Conclusions
This contribution discusses the beam management for control channel. In particular, the following are proposed:
Proposal 1: NR supports using different beams on control channels and data channels.
Proposal 2: NR uses different methods to indicate the information of beam(s) for control channel and data channel 
Proposal 3: NR supports robust beam transmission scheme for downlink control channel
· E.g., multiple TRP Tx beams from multiple TRPs, with Rx beam mode cycling at the UE. 
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