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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. The following agreement was achieved in RAN1#86bis[2]:
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 this contribution, we present our views on the beam management for control channel in NR systems.
Beam management for control channel
It is useful and necessary to support using different beams and different beam management for downlink control channel and data channel. Consider an example of one cell with multiple TRPs. The gNB has three TRPs A, B and C. The control channel should be more robust to the beam variation and blockage than the data channel in multi-beam based system. To cope with link failure on the control channel due to for example blockage, the PDCCH transmitted to UE #1 can be transmitted from all three TRPs, which increase the direction diversity. By this manner, the transmission of PDCCH is robust to blockage between UE and one TRP. For further reliability, some beam cycling can be applied to the PDCCH transmission. On the other hand, the data channel transmission to UE #1 could utilize dynamic point selection (DPS), non-coherent joint transmission (JT) or other transmission mechanisms. In this example, it is clearly observed that NR need to support using different beams and different beam management mechanism for downlink control channel and data channel, at least in high frequency band (> 6GHz) system.


Figure 1
Observation #1: It is useful and necessary to support using different beams for downlink control channel and data channel in high frequency band (e.g. > 6GHz) systems.
Proposal #1: NR supports using different beams on control channels and data channels.
We should use different methods to indicate the information of beams used for downlink control channel and data channel. For the data channel, the DCI scheduling the PDSCH can be used to indicate information of beam used for this PDSCH transmission, as shown in Figure 2. Another solution is to use a DCI to configure the beam information for PDSCH transmission semi-statically. The beam is used for all PDSCH to the UE until a new beam is configured by a new DCI. The beam information for PDSCH can also be configured by MAC-CE or RRC message.


Figure 2
In contrast, one control channel cannot signal the information of beam(s) used on itself. The L2 MAC-CE and/or RRC control message can be used to signal the information of beams used for the control channel. The delay of using MAC-CE and/or RRC control message might be large. Using L1 signalling provides better delay performance. One special DCI can be used to indicate the information beams for control channel. This special DCI should have higher reliability and more robustness to the beam variation and blockage than normal DCI, for example, using small payload and lower coding rate. 
Proposal #2: NR uses different methods to indicate the information of beam(s) for control channel and data channel. 
The CSI-RS can be used for the beam management for control channel and data channel [3]. In one option, the gNB configures same CSI-RS resources for beam management for control channel and data channel. Then the gNB can configured separate beam state information measurement and reporting for the control channel and data channel. The measurement can be based on beam grouping [4]. Another option is that the gNB configure different CSI-RS resources for them.
Conclusions
This contribution discusses the beam management for control channel. In particular, the following are proposed:
Observation #1: It is useful and necessary to support using different beams for downlink control channel and data channel in high frequency band (e.g. > 6GHz) systems 
Proposal #1: NR supports using different beams on control channels and data channels.
[bookmark: _GoBack]Proposal #2: NR uses different methods to indicate the information of beam(s) for control channel and data channel. 
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