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Introduction
In RAN1 #86bis, the following agreements were reached about beam management for control channel [1][2]:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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 further elaborate the design of multi-beam based DL control channel considering UE beamforming.
Discussion
Beam-based DL control channel transmission procedure should at least contain two stages, the initial access stage before the UE is connected and the stage after the UE is connected i.e. connected state. 
The former stage corresponds to DL control channel transmission for initial access, in which limited beam measurement can only be carried in RACH procedure. As a result, the transmission mechanism for DL control channel should be predefined or configured with some pre-specified rules for initial access before the UE is in the connected state considering the cases with and without channel reciprocity. For example, only one Tx beam is selected by UE in RACH procedure, which would be used for DL control channel transmission from gNB, and a fixed transmission scheme is used.  In the initial access stage, configuration of beam resource pool shared by control and data can be done for subsequent use in the connected state.  Configuration of one beam pair may be sufficient at this stage.  
The second stage is DL control channel transmission for UE being in the connected state, where beam training results reported from UE and signaling from gNB can reach each other more reliably, which means much more flexibility for DL control channel transmission. The following aspects should be considered:
· Beam(s) selected for DL control channel among reported beam(s)
After beam measurement, several desirable Tx beam IDs are reported by UE, which may contain multiple groups of beam with respect to different Rx beams respectively via QCL/QCB[5]. Beam resource pool is then established.  Beam group used for DL control channel transmission should be indicated or determined by some predefined rules considering the beam resource pool. For example, as shown in Figure 1, two beam groups, i.e., beam group A and beam group B are reported by UE, for which the corresponding beams are Rx beam 1 and Rx beam 2 respectively. If beam group B is selected by gNB to transmit DL control channel standing at the scheduling point, Rx beam 1 is then selected by UE according to the indication by some predefined rules.


[bookmark: OLE_LINK9]Figure 1 Multiple receive beams for the reported beam(s)
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK1][bookmark: OLE_LINK6]Proposal 1: The group of beams selected for DL control channel transmission should be indicated or determined by some predefined rules.
· Transmission scheme(s) determination for DL control channel
Considering various scenarios and usage cases for NR, multiple transmission schemes should be supported for DL control channel, such as transmit diversity, beam/precoder cycling, etc. Meanwhile UE needs to get the indicating information of which transmission scheme(s) is used for receiving DL control channel efficiently. Taking into account the DL control channel should be suitable for variable of scenarios and use cases, the transmission scheme(s) used for the DL control channel should be configured with some flexibility.
Proposal 2: The transmission scheme(s) used for DL control channel should be configurable with some flexibility.
· Beam indication/reporting for DL control and data channel
According to the agreement in RAN1 #86bis, same or different beams for DL control and data channel transmission should be supported. As a result, beam management procedure for DL control and data channels may not be exactly the same in all aspects.  At least beam selection and beam indication can be different for DL control and data channels.  
The same procedure for beam training and reporting could be used for DL control and data channel to avoid excess resource overhead and time delay. After beam measurement, UE reports the recommended beam(s) or beam groups. Then a beam resource pool can be configured by the network according to the UE feedback together with network consideration. Separate beam selection from the resource pool could be considered for DL control and data channel transmission, due to the fact that the beams or transmission schemes may be different for each of them. According to the above analysis, a beam pool containing one or more groups of beams which are shared for DL control and data channel could be established in a predefined or semi-static way. The beam information or beam switching for DL control and data channel can be indicated separately within this beam pool, as shown in Figure 2.


Figure 2 Separate beam indication for DL control and data channel within shared beam resource pool
Proposal 3: 
· A shared beam resource pool can be introduced for DL control and data channel.
· Separate indication for beam information or beam switching for DL control and data channel within the shared beam resource pool should be supported.
· Configuration for DL control channel transmission
Different information of data channel can be configured and indicated by DL control channel dynamically, but configuration on how DL control channel is transmitted or received needs to be carefully studied. Since DL control channel should be suitable for various scenarios and use cases, it is better to have some flexibility on configuration for DL control channel transmission through certain signaling indication. Either MAC or RRC signaling could be considered, and meanwhile the earlier DL control channel may also be used for the configuration for the latter DL control channel. Besides, some time or frequency patterns may be used for DL control channel transmission with different configurations such as different beam widths or different groups of beams or different transmission schemes.  The time or frequency patterns can be predefined or configured in a semi-static way. For example, there are multiple transmission schemes being used for DL control channel transmission in Figure 3, where slot pattern 1 containing slot 1, 4 and 7 in each sub-frame is assumed for DL control channel transmission based on transmission scheme 1, and the remaining slots in each sub-frame is assumed for DL control channel transmission based on transmission scheme 2. 


Figure 3 Multiple time unit patterns for different DL control channel configuration
Take another specific example that if multi-level DL control channel is supported for NR, the first level of DL control channel can be configured by MAC or RRC signaling, while the second level of it can be indicated through the first level of it dynamically.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 4: The configuration for DL control channel transmission should consider some flexibility to allow multiple settings for DL control transmission. 
Simulation results
In this section, we evaluate the need of maintaining multiple beam pairs/groups for control channel transmission.  The received SNR of the following two options with blockage are simulated using link-level models. Detailed simulation assumptions can be found in Appendix. 
Option 1: Only one best beam pair is reported for DL control channel transmission.
Option 2: Two groups of beam pairs including a transmission one and an alternative one are reported with UE-centric grouping, for which more details can be found in [4], and the optimal pair for these two groups is dynamically selected with the objective of maximizing received SNR at each time for DL control channel transmission.
[image: ] [image: ]
Figure 4 CDF of received SNR
In Figure 4, the CDF of received SNR of the above two options is provided for CDL-A and CDL-B channel models. It can be observed that Option 2 performs better than Option 1 especially for low received SNR, and up to 30dB gain can be achieved. It is because that multiple groups of beam including at least one alternative group of beam is used against the unexpected channel blockage. In order to select the optimal pair of in each of the multiple groups for DL control channel transmission dynamically, beam measurement and reporting considering multiple groups besides transmission group should be supported. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Observation 1: Supporting multiple groups of beam including transmission group and at least one alternative group is beneficial for improving link robustness.
Proposal 5: Beam measurement and reporting considering multiple groups should be supported for alternative beam group(s) in addition to the transmission beam group. . 
Conclusion
In this contribution, some considerations on beam management for control channel are discussed. According to the discussion, the following observations and proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Supporting multiple groups of beam including transmission group and at least one alternative group is beneficial for improving link robustness.
Proposal 1: The group of beams selected for DL control channel transmission should be indicated or determined by some predefined rules.
Proposal 2: The transmission scheme(s) used for DL control channel should be configurable with some flexibility.
Proposal 3: A shared beam resource pool can be introduced for DL control and data channel for NR.  Separate indication for beam information or beam switching for DL control and data channel within the shared beam resource pool should be supported.
Proposal 4: The configuration for DL control channel transmission should consider some flexibility to allow multiple settings for DL control transmission. 
Proposal 5: Beam measurement and reporting considering multiple groups should be supported for alternative beam group(s) in addition to the transmission beam group. 
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Appendix
Table 1: Simulation assumptions
	Parameter
	Values

	Scenarios 
	CDL-A, CDL-B

	Sectorization
	Random AoD offset from -60o to 60o, Random ZoD offset from 90o to 135o, Random AoA offset from -180o to 180o, Random ZoA offset from 45o to 90o

	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (4,8,2), (dV,dH) = (0.5, 0.5)λ, 2 RF chains,
Antenna modelling based on TR38.900 V2.0.0, i.e. HPBW = 65o, GE,max =8dBi with Am = 30dB

	UE antenna configuration
	Mg = Ng = 1; (M,N,P) = (2, 4, 2), (dV,dH) = (0.5, 0.5)λ, 2 RF chains,
Antenna modelling based on TR38.900 V2.0.0, i.e. HPBW = 90o, GE,max =5dBi with Am = 30dB

	BS and UE Analog codebook
	Two dimensional DFT based with oversampling factor of one

	Carrier Frequency
	30 GHz

	Bandwidth
	80MHz

	Subcarrier Spacing
	60kHz

	UE speed
	3km/h

	Blockage model
	Blockage Model A in TR38.900
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