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Introduction
New Radio (NR) Access Technology Study Item has been approved in the RAN#71 meeting [1]. In the past RAN1 meetings for NR, some discussions on control channel design were conducted. And in RAN1 #86, some agreements were reached about beams used for control channel [2]:
· Study the relationship of beam(s) used for L1 control channel and beam(s) used for data channel
· E.g. Using different beam width for data and control
· E.g. Using different beam directions for data and control
· E.g. At least one beam is shared by data and control
· E.g., same beam for data and control
This contribution further elaborates beam management about DL control channel. Beam-based transmission schemes for DL control channel are analyzed, and subsequently the views on the relationship of beam(s) used for DL control and data channels are drawn, and finally simulation results are given out in the final section.
Beam-based transmission schemes for DL control channel
Beam-based transmission scheme(s) for DL control channel is necessary for NR to reach coverage requirement especially for high frequency communications. The following transmission schemes may be candidates for DL control channel:
· Beam-based single port transmission
· Beam-based transmit diversity transmission
· Beam-based open-loop spatial multiplexing transmission
· Beam-based closed-loop spatial multiplexing transmission
Beam-based single port transmission can achieve good receive performance if the best beam is reported by UE for TRP, but it may suffer from severe fading if channel blockage happens. Beam-based transmit diversity is more robust than beam-based single port transmission due to multi-beam based transmission, for example that two-layer signals is transmitted by two separate beams which may be reported by UE. Beam-based open-loop spatial multiplexing may show more robustness than beam-based transmit diversity but with less beamforming gain due to beam switching among multiple beams without depending on real-time channel information feedback. However, it may be useful for such a scenario that UE moving speed is high or the beam measurement information is easy to out of date. Beam-based closed-loop spatial multiplexing showing least robustness but most high spectral efficiency may not be preclude for control channel especially if multi-layer/component DL control channel structure is introduced. As a result, different transmission schemes may be needed for different scenarios. TRP can configure various transmission schemes for NR control channel.
Observation 1: Different transmission schemes may be needed for different scenarios, and TRP can configure various transmission schemes for NR control channel.
Proposal 1: The relationship of beam(s) used for DL control channel and the information of beam(s) feedback from UE needs to be further studied.
Actually, the above transmission scheme(s) combining with beam sweeping is favour for robustness achievement, which means that DL control channel based on certain transmission scheme can be transmitted repeatedly through different beams, to prevent outage causing from UE moving, rotate or link blockage due to more beams used. For example, as shown in Fig. 1, DL control channel based on one transmission schemes, such as single port, transmit diversity and spatial multiplexing, can be transmitted by different beams at symbol-level periodically. 


          
Fig. 1 Example of DL control channel transmission with repetition
Observation 2: DL control channel can be transmitted repeatedly through different beams for improving transmission robustness.
The relationship of beam(s) used for control channel and data channel
Multi-beam receiving at UE side in should be studied in NR, especially for above-6GHz. Generally, for downlink transmission, since the antenna number of UE would be much less than that of TRP, receive beam would be wider than transmit beam. It should consider 
A single wide beam or multiple narrow beams, e.g. whose beam width is the same with data channel, may be used for control channel transmission as following shows. The relationship of beam(s) used for control channel and data channel is analyzed following:
Case 1: The angular spread of beam(s) used for control channel is the same of that for data channel


Fig. 2 Case 1 relationship of control channel and data channel
For cell-center UE, there is not coverage problem and the channel condition is good, thus spatial multiplexing with high layers based on multiple narrow beams may be used for data channel. While a single wide beam or multiple narrow beams may be used for control channel for covering multiple UEs. As a result, the case that the angular spread of beam(s) used for control channel is wider than that of data channel probably occurs as shown in Fig. 3.
Case 2: The angular spread of beam(s) used for control channel is wider than that of data channel


       
                           (a) Same receive beam(s)                                                 (b) Different receive beam(s)
Fig. 3 Case 2 relationship of control channel and data channel
For cell edge UE, coverage limit problem exists and channel condition is poor, thus transmit diversity or spatial multiplexing with low layers based on few narrow beams may be used for data channel. While a single wide beam is still used for control channel for robustness. As a result, the angular spread of beam(s) used for control channel is wider than that of data channel as seen in Fig. 4, in which the same or different receive beam(s) may be for control and data channel.
Case 3: The angular spread of beam(s) used for control channel is narrower than that of data channel


       
          (a) Same receive beam(s)                                                 (b) Different receive beam(s)
Fig. 4 Case 3 relationship of control channel and data channel
For a UE served by multiple TRPs such as CoMP scenario, data channel is transmitted based on beam(s) from multiple TRPs, however control channel is only transmitted based on a single wide beam or multiple narrow beam(s) from one TRP, i.e. serving TRP. As a result, the angular spread of beam(s) used for control channel is probably narrower than that of data channel, similar to that in Fig. 4, in which the same or different receive beam(s) may be for control and data channel.
Comparing a single wide beam used for control channel, multiple narrow beams used for control channel may achieve more flexibility for beam management. In fact, if multiple beam(s) from different antenna panel transmitted at the same time and frequency resource point to different and contiguous beam directions, it is equivalent to a single wide beam.
Observation 3: Beam(s) for control channel and data channel may be different in different scenarios. 
Proposal 2: It should be supported that different beam(s) can be used for control channel and data channel in NR.
Since different transmit beam(s) can be used for control channel and data channel, receive beam(s) may be different for them as well. The following impacts should be considered for DL control channel design:
The impact on the beam feedback:
A unified beam information feedback to accommodate both control channel and data channel transmission, or alternatively two separate beam information feedback for beam-based control channel and data channel may be considered. The former is more attractive from UE complexity and eNB scheduling perspective and allows a unified feedback design. For example, different level of beam information feedback can be used for control channel and data channel transmission respectively if multi-level feedback is introduced for NR. For another example, a group of beams feedback including two sub-groups of beam(s) can be used for control and data channel respectively.
The impact on the beam indication:
For the flexibility of scheduling receive beam(s) used for control channel and data channel, the information of beam(s) for control and data channel needs to be indicated by TRP. 
· A unified indication process which indicates the information of the beam(s) for control and data channel at the same time or using the same signaling
· Two separate indication processes which indicate the information of the beam(s) for control and data channel respectively at separate time or using separate signaling. 
The latter is more flexible for beam(s) or beam switching indication since different beam(s) is allowed for control and data channel.
The impact on data channel receiving:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If it happens that receive beam(s) is different for control and data channel, UE may not decide the correct receive beam(s) for data channel during the period of control channel decoding if the beam(s) or beam switching information for the data channel is indicated by the control channel. As a result, the problem introduced by control channel decoding delay should be considered in NR, and as well as for control channel design. For example, multiple control channel design for one UE in one scheduling time unit could be used to resolve this problem. 
Observation 4: The impacts due to different receive beam(s) for control and data channel should be considered for DL control channel design.
Proposal 3: It should be supported that the beam(s) of control and data channel are indicated separately.
Simulation Results
The CDF of receiving SNR of the following two options are simulated using link-level models. Simulation assumptions can be found in appendix. The following two methods are considered: Method 1: The same beam transmitted from two TXRU panels, i.e. transmission is based on a single beam; Method 2: Different beam transmitted from two TXRU panels respectively, i.e. transmission is based on two beams. 
[image: ]
Fig. 5 Performance without blockage
[image: ]
Fig. 6 Performance with blockage
In Fig. 5, Method 1 outperforms Method 2 when blockage has not happened for the main path. However, in Fig. 6, Method 2 shows better performance than Method 1 when receive SNR is less than 5dB, where the blockage is model with 20% probability for the strongest cluster. It can be observed that transmission based on a single beam can achieve more beamforming gain, however transmission based on multiple beams will achieve more robustness with blockage. 
Observation 5: Transmission based on multiple beams can achieve more robustness than a single beam, especially in low receive SNR.
Conclusion
In this contribution, some considerations beam management about control channel are discussed. According to the discussion, the following observations and proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Different transmission schemes may be needed for different scenarios, and TRP can configure various transmission schemes for NR control channel.
Observation 2: DL control channel can be transmitted repeatedly through different beams for improving transmission robustness.
Observation 3: Beam(s) for control channel and data channel may be different in different scenarios. 
Observation 4: The impacts due to different receive beam(s) for control and data channel should be considered for DL control channel design.
Observation 5: Transmission based on multiple beams can achieve more robustness than a single beam, especially in low receive SNR.
Proposal 1: The relationship of beam(s) used for DL control channel and the information of beam(s) feedback from UE needs to be further studied.
Proposal 2: It should be supported that different beam(s) can be used for control channel and data channel in NR.
Proposal 3: It should be supported that the beam(s) of control and data channel are indicated separately.
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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 of one

	Carrier Frequency
	30 GHz

	Bandwidth
	80MHz

	Subcarrier Spacing
	60kHz

	UE speed
	3km/h

	Blockage model
	The most strongest cluster with the probability of 20% blockage
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