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Introduction
In order to overcome high path-loss in high frequency bands in NR system, a sufficiently narrow beamforming should be supported with large-scale antenna arrays. Multiple beam transmission on multiple time instance according to the steering of analog phase shifter will be necessary operation in order to cover the entire cell coverage with narrow beams. This procedure is called as a beam sweeping. Base on the agreements in the last RAN1 #85 meeting [1], the beamforming at a UE side should be also considered as well as beamforming at a Transmission Reception Point (TRP) and is beneficial for extending cell coverage. Therefore, the sweeping of UE’s beams should be also considered for initial access. In this contribution, we discuss beam sweeping for initial access considering both TRP and UE beamforming.



Figure 1 – Example of TRP and UE beam sweeping

Beam Sweeping for Initial Access
As we mentioned in Introduction section, the beam sweeping of both TRP and UE will be necessary. Considering both TRP and UE beamforming, the beam sweeping can be simply categorized as follows:

UE beam repetition
In this case, a TRP sweeps its beam with predefined manner on every time duration for transmission of synchronization signal. The TRP sweeps its beams when the transmission of synchronization signal occurs and keeps same operation of beam sweeping regardless of the number of UE’s beams. A UE keeps same beam during the transmission of synchronization signal to experience all of TRP beams. Whenever the transmission period of synchronization signal comes, the UE switches its beams one by one.



Figure 2 – Example of UE beam repetition
In Figure 2, it is assumed that the number of TRP’s beams is ‘N’ and the number of UE’s beams is ‘M’. On every time duration for transmission of synchronization signal, the UE keeps its beam with same direction while the TRP changes its beams with N directions. The UE changes its beam on the next time duration for transmission of synchronization signal. In this approach, there is no specification issue.

TRP beam repetition
As shown in Figure 3, each TRP’s beam is repeated during multiple time instance in order for a UE to switch its beams. After the completion of UE’s beam sweeping, the TRP switches its beam to different direction. In this case, the latency for synchronization could be reduced since the synchronization can be completed during one transmission period of synchronization signal. However, the periodicity of time duration for transmission of synchronization signal could be longer, and the TRP should have an information on the number of UE’s beam. If there are multiple UEs which have different number of beams, the beam sweeping operation will be complicated. To prevent such a situation, the maximum number of UE’ beams may need to be defined in the specification.



Figure 3 – Example of TRP beam repetition

Observation 1: Prefer UE beam repetition than TRP beam repetition since there is no specification issue.

Order of Beam Sweeping
The beam width of UE will be relatively wider than that of TRP due to relatively smaller number of antenna arrays. Thus, one wide UE’s beam can cover multiple narrow TRP’s beams as shown in Figure 4. In this case, the order of beam sweeping will be a trade-off between performance and latency for initial access.



Figure 4 – Example of different orders of beam sweeping
In Figure 4, two different orders of beam sweeping are shown. With the same number of beams, the order of beam sweeping shown in Figure 4(b) can achieve faster synchronization timing than that of Figure 4(a). On the other hand, the detection probability in Figure 4(a) could be higher than that of Figure 4(b) due to the beam diversity. For initial access, the order of beam sweeping is also important issue. However, it will depend on the number of beams, beam shape, beam width, and so on. Therefore, the order of beam sweeping will be implementation issue and desirable to be transparent to a UE.

Observation 2: The order of beam sweeping is implementation issue.

Summary
In this contribution, we discuss the beam sweeping for initial access. In our views, for initial access at least, the UE’s beam sweeping and the order of beam sweeping are implementation issues. After beam alignment, the procedure for reporting best beam(s) can be found in our companion contribution [2]. For other procedures including beam tracking, intra/inter-cell beam training/switching, and so on, the impact of UE beamforming needs to be further investigated and studied.
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