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1. Introduction
MIMO has been considered as a basic function for new RAT. With large number of antennas, beamforming also becomes a natural choice. In this contribution, we provide some general considerations and initial views on the potential necessity and possible ways of beamforming for control channels. 
2. Potential necessity for beamformed control channel
The number of antenna ports studied in Rel-14 eFD-MIMO is up to 32. For New RAT study item, the maximum number of antenna ports is yet to be determined. However, regarding the current progress in evaluation assumptions, where up to 256 antenna element at TRP for 4GHz carrier frequency and up to 1024 antenna elements for 70GHz are considered, careful study is needed on how these antennas can be efficiently utilized. 
For data transmission and related CSI-RS transmission, beamforming-based transmission has already been supported in Rel-13/14 based on beamformed CSI-RS and hybrid CSI-RS operations. Assuming similar operation in NR, NR-PDSCH channels naturally support large array. However, control channel (PSS/SSS, PBCH, SIB1 etc) can not sufficiently utilize large array yet. It is then natural to consider large array based control channel, e.g., beamformed control channel.
Beamforming forms beams with more concentrated power but reduced angle spread. When channel state information is not available at transmitter side, beam sweeping is needed so that the same angle coverage can be maintained. As a result, the required transmission resource needs to be increased due to sweeping. In Fig.1, illustrations of non-beamforming process and beamforming-based enhancements are presented. When each symbol is beamformed, its coverage can be increased at a certain direction. To ensure the same angular coverage, N beams are assumed to be needed in this illustration example.
Another possible coverage enhancement method is to simply repeat the transmission of the same symbols, also illustrated in Fig.1.  In this case, the transmit beam is wide based on virtualization of large array and then control channel is repeated in time. The coverage of a single transmission remains the same as the non-beamforming case, however, after accumulating signals from several repeated transmissions, one can expect for a higher receive SNR of the desired signal, so that after the whole repetition transmission, increased coverage can be achieved. 
It is observed that both repetition and beamforming requires can increase coverage of control channels and both require an increased resource overhead, although they exhibit different characteristics in various aspects such as decoding delay, array virtualization power loss, channel coding v.s. repetition coding, channel estimation quality etc. At the current state, we believe a careful comparison of both methods is necessary.
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Figure 1 Illustration of repletion-based and beamforming-based control channel enhancements
Proposal 1: It is necessary to consider mechanisms to sufficiently utilize large arrays for control channel.

Proposal 2: Compare two alternative methods: beamformed control channel and repetition based control channel. The former one is to transmit N different narrow beams over N different time resources, while the latter one is to transmit one wide virtualized (TRP-specific) beam over N time resources. The two methods may show different performances due to decoding delay, array virtualization power loss, channel coding gain and channel estimation quality etc. 
3. Beamforming for various control channels
In this section, some general design principle and initial views on how different control channel can be beamformed are discussed. 
Basically, before data transmission, some initial access procedures are required for system synchronization, system information acquisition, access and channel state information estimation. The channels related to these procedures are mainly characterized as synchronization channels, system information broadcast channels, random access channels and date-related control channels. In the following, we discuss on how these channels can be designed separately.
1.1.  Synchronization channels

For synchronization signal, since this is the very first signal for a UE before it has any information about the system, no prior information is available. Either repetition or beam sweeping, or a hybrid of them may be needed. This further investigation needs to take into account of the following factors, i.e., coverage enhancement, synchronization performance and delay, and UE receiver complexity.
1.2. System information broadcast channels
After synchronizing to a system, the UE can start receive system information. Similar investigations regarding repetition or beamform based transmission also need to be discussed and the impact of SI acquisition delay, accuracy and complexity need to be considered. In this system information transmission process, there is also possibility for (UE-specific) beamforming (without sweeping) once some coarse channel direction information can be available through synchronization. 
1.3. Random access channels
One fundamental issue to be discussed for random access channels is that whether UE beamforming is supported. For low carrier frequency, although there are multiple antennas at UE side, the advantage ofusing uplink beamforming (either with or without sweeping) needs further justification. For high carrier frequency, it is believed that the number of antennas at UE side will also increase, enabling the possibility of UE beamforming. If beam sweeping or repetition is used, one issue to be solved is the possibly significantly increased access delay. If direct beamforming without sweeping is used, its motivation and possible gain may be more promising since faster access may be achieved. However, the challenge part is to acquire CSI for the uplink channels before random access is initiated. In spite of differentiated conditions in low and high frequency, similar design principle for low and high frequencies are desired to maintain a common eco system..
1.4. Data-transmission related control channels
After the above three steps, both BS and UE can have some more accurate channel information, thus, for data-related control channels, we believe it is natural for some finer beamforming mechanisms to be utilized here. 
To sum up, in this section, we have discussed on various coverage enhancement mechanisms for different control channels. Repetition and beamforming with or without sweeping are considered. We have summarized a framework for these considerations on control channels in Fig. 2; the main design principle for this framework is a gradual process, where repetition or very coarse beamforming are used for the very first steps and gradually form finer beams for access and data-related control information transmission, and the beamforming is gradually changed from cell-specific beam sweeping to UE-specific beam transmission.
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Figure 2  Grudual UE-specific (GUS) beamformed control channel
Thus, we propose the next two proposals:
Proposal 3: Different coverage enhancement mechanisms should be investigated for different control channels. 
Proposal 4: The very initial access channel can be based on cell-specific beam sweeping or repetition. The following channels may be more and more UE-specifically beamformed, i.e., a Gradual UE-Specific (GUS) control channel framework is proposed.
4. Conclusion
In this contribution, the potential need for control channel beamforming is discussed. The following proposals are proposed:
Proposal 1: It is necessary to consider mechanisms to sufficiently utilize large arrays for control channel.

Proposal 2: Compare two alternative methods: beamformed control channel and repetition based control channel. The former one is to transmit N different narrow beams over N different time resources, while the latter one is to transmit one wide virtualized (TRP-specific) beam over N time resources. The two methods may show different performances due to decoding delay, array virtualization power loss, channel coding gain and channel estimation quality etc. 
Proposal 3: Different coverage enhancement mechanisms should be investigated for different control channels. 
Proposal 4: The very initial access channel can be based on cell-specific beam sweeping or repetition. The following channels may be more and more UE-specifically beamformed, i.e., a Gradual UE-Specific (GUS) control channel framework is proposed.
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