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1. Introduction
Beam sweeping has been cited as a potential technique to overcome the large path loss in NR [1]

 REF _Ref458632455 \w \h 
[2], particulary for higher carrier frequency. Transmit beam sweeping can be used to transmit broadcast channel and synchronization signal [1] and the corresponding received beam sweeping can be used for uplink random access. This general framework can be interpreted loosely as a time-division multiplexed
 high order sectorization as shown in Figure 1. As long as the sweeping covers the entire service area, all the UEs within the coverage area are guaranteed a TDM’ed resource for establishing a link with the network. This beam sweeping region has the following properties:
· Has wider beam width with moderate array gain and spectral efficiency for robustness to UE movement and orientation change.
· Carries synchronization signal for initial access and provides UEs with opportunites to measure coarse spatial profile.

· Broadcasts essential system information.

· Provides uplink random access resources.

· In addition, when narrowly focused high gain beamforming connection is disrupted, it serves as a safety anchor to fall back on and to re-initiate link establishment by providing necessary signaling over control channel within the reqion.
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Figure 1: Beam sweeping framework
Outside of the beam sweeping resource is the dedicated data beamforming region is which dynamic unicast of data service to and from UE takes place. Links set up in this dedicated region use narrowly focused, high gain beam(s) with high spectral efficiency, as shown in Figure 2. The management of the beamforming in the dedicated region is a delicate procedure due to the difficulty in the steering of sharply focused beams, potentially at both the TRP and UE, as UE moves and rotates in the field. More details on this can be found in a separate contribution [3] addressing the beam management issues, including the role of the sweeping region plays in the process. In this current contribution, we will focus on the design issues related to the sweeping region such as sweeping cycles, multiplexing of sweeping beams and the physical channels and signals carried in the sweeping region.
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Figure 2: Different beam widths for sweeping and dedicated regions
Observation 0: Beam sweeping can be loosely interpreted as time-division multiplexed high order sectorization. Under a particular beam in a full sweep, all or part of conventional physical signals and channels in an air interface, both uplink and downlink, can be carried.
2. Beam Sweeping Cycle
The length of the beam sweeping cycle depends on the moving speed and angular speed of the UE. The cycle should be long enough to keep the sweeping overhead down while short enough so that the optimal TRP beam and UE beam pair remains the same over a certain number of cycles before new pairing needs to be configured.
The broadside HPBW (or 3 dB beam width) of a half-wavelength uniform linear array with M elements is approximately Error! Reference source not found.
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For an array with 32 elements in azimuth dimension (32 by 8 plenary array for example), its azimuth HPBW is 3.18(. At the distance of 100 meters from the TRP the beamwidth is 5.57 meters, which takes a UE moving at 30 km/hr [4] 668 ms to traverse, as shown in Figure 3(a). This dwelling time becomes smaller as UE moves closer to the TRP. For a UE that rotates 3.18( in 668 ms, the angular speed is 4.76(/s, or equivalently one full circle in 75 second which is probably much lower than practical situation. It is therefore clear that UE side beam tracking is more challenging than TRP side beam tracking when the same array configuration is used on both sides. Such orientation behavior is not yet specified in the deployment scenario. One potential approach may be the Brownian motion often used to model the phase noise of an oscillator.
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Figure 3: TRP and UE beamforming

Observation 1: The length of beam sweeping cycle depends on the moving speed and angular speed of the UE. However, UE’s rotational movement is not yet clearly defined.
Proposal 1: Maximum UE mobility in moving and rotational speed should be specified and the proper beam sweeping cycle periodicity should be evaluated accordingly for NR beam sweeping. 
3. Beam Sweeping Cycle Alignment
Figure 4 shows an example in which all TRPs in the network have the same sweeping cycle and the sweeping regions within are time aligned. The advantage of having time-aligned sweeping regions is that a UE can measure the sweeping beams from all surrounding TRPs at one time. Of course this leads to the interference of pilot signals and calls for a good design of these pilots. Time-aligned sweeping cycle requires the synchronization of the network. Even though such requirement was not mandated in the past, it should be reconsidered in NR to alleviate UE’s effort in constantly scanning sweeping beams.
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Figure 4: TRP synchronous beam sweeping cycle
Observation 2: Beam sweeping region alignment across different TRPs has significant impact on NR system operation, particularly on UE complexity.
Proposal 2: Whether beam sweeping region across different TRPs are required to be time aligned should be evaluated.
4. Beam Sweeping Region Configuration
Both Figure 1 and Figure 3 imply the beam sweeping interval is contiguous in time in either downlink or uplink. Figure 1 also implies the 8 sweeping beams are time division multiplexed and that downlink and uplink sweeping intervals are non-contiguous. These need not be the case in practice, though. In FDD mode for example, downlink and uplink sweeping can even (and should preferably) take place simultaneously. Figure 5 shows two different TDM based configurations for the sweeping region: one is contiguous whereas the other interleaved. Other configurations such as FDM, interleaved FDM, Spatial Multiplexed Division (SDM) and any combination of them are all potential candidates. The choice of the beam multiplexing scheme depends on factors such as link budget and hardware capability, particularly RF architecture aspects including array configuration, the number of TXRUs and their virtualization. For example, any multiplexing scheme that transmits multiple beams at the same time would suffer from smaller coverage due to the total TRP power’s being distributed among the beams.
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Figure 5: Different beam sweeping region configurations
Observation 3:.There are many possible ways for beam multiplexing in the beam sweeping region. The choice of a proper scheme depends on factors such as link budget and hardware capability.
Proposal 3: The multiplexing of beams in beam sweeping region should be studied and later agreed in NR.
5. Beam Sweeping Region Frame Structure
From a top-down view, the lowest level of the overall beam sweeping framework design is the frame structure inside the beam sweeping region. NR numerology and frame structures are currently being studied under other agenda items. However, the discussion is trending toward maintaining OFDM with cyclic-prefix. The beam switching can therefore occur as frequently as once per OFDM symbol
 or as infrequently as once per sub-frame or longer, as shown in Figure 6. Switching beam every symbol makes the beam sweeping region interval shorter. However, it also limits the amount of payload it can carry. Using one sub-frame as a basic beam switching unit makes the sweeping region more versatile than simply transmitting synchronization signals and broadcast channel. As stated in Observation 0, sweeping region should serve as a nearly full-fledged and TDM’ed cell/sector and the necessary signals and physical channels should be designed accordingly considering the limited time-frequency resource.
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Figure 6: Basic beam switching unit in beam sweeping region
Observation 4: Basic beam switching unit in the sweeping beam region should preferably be a multiple of sub-frames, thereby allowing the beam sweeping region to serve as a periodic control anchor.
Proposal 4: RAN1 should define a basic beam switching unit in the beam sweeping region and study the physical signals and channels carried in those basic units, including but not limited to: synchronization signal, random access channel, broadcast channel, common or dedicated control/data channels and the reference signals required for the demodulation of these physical channels.
6. Conclusion
In summary, based on the above discussion we have the following observations and proposals for the beam sweeping framework design for NR:
Observation 0: Beam sweeping can be loosely interpreted as time-division multiplexed high order sectorization. Under a particular beam in a full sweep, all or part of conventional physical signals and channels in an air interface, both uplink and downlink, can be carried.

Observation 1: The length of beam sweeping cycle depends on the moving speed and angular speed of the UE. However, UE’s rotational movement is not yet clearly defined.
Proposal 1: Maximum UE mobility in moving and rotational speed should be specified and the proper beam sweeping cycle periodicity should be evaluated accordingly for NR beam sweeping.
Observation 2: Beam sweeping region alignment across different TRPs has significant impact on NR system operation, particularly on UE complexity.
Proposal 2: Whether beam sweeping region across different TRPs are required to be time aligned should be evaluated. 

Observation 3:.There are many possible ways for beam multiplexing in the beam sweeping region. The choice of a proper scheme depends on factors such as link budget and hardware capability.
Proposal 3: The multiplexing of beams in beam sweeping region should be studied and later agreed in NR.
Observation 4: Basic beam switching unit in the sweeping beam region should preferably be a multiple of sub-frames, thereby allowing the beam sweeping region to serve as a periodic control anchor.
Proposal 4: RAN1 should define a basic beam switching unit in the beam sweeping region and study the physical signals and channels carried in those basic units, including but not limited to: synchronization signal, random access channel, broadcast channel, common or dedicated control/data channels and the reference signals required for the demodulation of these physical channels.
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� In conjunction with spatial multiplexing if multiple beams are transmitted concurrently.


� Note that it typically takes a few 10s of ns for the phase shifters to settle.
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