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Introduction
In RAN1 meeting #86, beam management procedures have been discussed. It was agreed [1] that a list of beam management procedures are supported within one or multiple TRPs for New Radio (NR). Furthermore, it was agreed that the beam management study needs to examine the impact of UE movement, rotation and/or channel/beam blockage. 
In this contribution, we first study the impact of UE movement, rotation and/or channel/beam blockage to beam management. Then, we discuss potential solutions to address these problems for NR. 
Dynamic Blockage, UE Movement and Rotation 
Dynamic blockage refers to the blocking of some clusters between transmitter and receiver due to the movement of humans or vehicles. Unlike low frequency bands, the diffraction loss and penetration loss are significant in high frequency bands, resulting in the heavy impact on the received signal strength due to cluster blockage. Therefore, blockage were agreed to be one of the additional feature to be included in the channel model for frequency spectrum above 6GHz [2].
In high frequency bands, large-scale antenna array could be used to achieve high beamforming gain so as to compensate the high propagation loss. The resulting coupling loss could be kept at high level to support the desired data throughput or coverage. The use of directional beam based communication requires accurate beam pairing, and the correct beam direction should be associated with real channel, in terms of angle of arrival and angle of departure in both azimuth and elevation. The correct beam direction should be dynamically adjusted with the channel change. 
The channel change may be due to UE mobility. The UE movement from one location to another location could lead to a different channel, because the resulting environment changes (e.g., some new furniture blockers) could affect the ray distributions. Therefore, the beam direction adjustment is needed to maintain a high quality link.
Another form of UE mobility is UE rotation. In this case, the environment is not changed, but the angle of arrival and angle of departure from the UE side could be dramatically changed. Therefore, UE rotation becomes another added-on feature in the channel model for frequency spectrum above 6 GHz. If the beam tracking could not catch up the UE rotational speed, the radio link quality could be significantly reduced and radio link failure could occur subsequently. 
Observation: Dynamic blockage, UE movement and rotation may cause radio link failure and performance degradation.
Potential Solutions for Blockage, UE Movement and Rotation
2 
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3.1 Efficient Beam Management 
In the current discussions of NR beam management, the use of narrow beams for TRP and UE radio link is considered. One potential issue of narrow beam is it is likely to be blocked by some nearby objects. For example, a passing vehicle or human being could easily block certain narrow beam. 
Another potential issue of narrow beam is it is very sensitive to UE rotational motion. As UE rotation could dramatically change the arrival and departure angles of UE’s radio link, the existing beam pairs between TRP and UE could easily degrade the link quality. The link quality of the existing narrow beam pairs between TRP and UE may also be ruined by UE movement due to the environment change. 
To address these issues related to narrow beam, beam direction switch scheme could be applied. Here, both TRP and UE may need to tune their antennas to a different direction to achieve a better link. The beam direction switch process may involve some measurements and signaling between TRP and UE so that both of them synchronize on the beam switch direction and timing. The beam measurement and synchronization between TRP and UE could lead to large delay. One possible way to reduce this delay is to have TRP and UE store several back-up beam directions. In case one beam is blocked, both TRP and UE could by some rules switch to a different pair of beam directions. Other fast beam direction switch techniques are also desirable. 
An alternative scheme to address the narrow beam issue due to dynamic blockage or UE rotations is through the beam width adaption. Instead of switching the beam directions, the TRP and UE could simply broaden their transmit and receive beam width. The beam width is adjustable via antenna array factor, i.e., the number of antenna elements to use, the separation of antenna elements, element pattern, etc., or some advanced beamforming codebook design. If the broaden beam has a larger beam width than the blocked angle from a dynamic blocker, then the beam will be only partially affected by the dynamic blocker. The signals could be transmitted through the remaining unblocked angles. 
One advantage of this beam width adaption approach is its lower latency than the beam direction switch approach, because beam sweeping is not necessary as the beam direction does not need to be tuned here. Also, there is no need to measure and store the back-up beam information. Note that the antenna gain (and hence, data throughput) resulting from the beam width adaption (or switch) scheme may be reduced from the original narrow beam condition. Still, it is possible that this approach may have a larger antenna gain than the bean switch approach, due to the small path loss in the original beam direction.
The abovementioned schemes to address dynamic blockage, UE movement and rotation may be considered as a fall-back transmission scheme (or mode) which can be used during a beam-pair recovering procedure (e.g., P-2 or P-3 defined in [1]) when paired beams are mismatched. This is similar to the fall-back transmission scheme used in LTE during RRC reconfiguration ambiguity period. Due to the limitation of multiple beams generation in analog and hybrid beamforming, a specific time resources (e.g., TTIs) can be reserved for the fall-back operation.
Proposal 1: A fall-back transmission scheme (or mode) should be defined for a beam-pair recovering procedure when paired beams are mismatched due to blockage, UE movement and rotation.

3.2 Robust Transmission and Reception Techniques 
In the above discussions, we assume the connection between TRP and UE is based on a single narrow beam. This narrow beam is easily affected by dynamic blockage, UE movement and rotations. To make the radio link more robust, TRP and UE may establish the connection based on multiple narrow beams. In other words, TRP and UE may simultaneously pair multiple beams by careful tuning their antennas. Details on the instantiation and maintenance of multiple beams are discussed in a companion contribution [3]. 
Once these multiple pairs of narrow beams are set up, the radio link is more robust because of the spatial diversity. In case of dynamic blockage, some beam pairs may be blocked, while other beam pairs are not affected. This is shown in Figure 1. When the direct LOS link is blocked due to a passing car, the other NLOS link may be still available to maintain the communication between TRP and UE. Similar arguments apply to UE movement and rotation. 
[bookmark: _GoBack]The multiple pairs of narrow beams could be set up between one TRP and UE, or between multiple TRPs and UE. Pairing of Tx and Rx beams could be in a transparent manner. If TRP is transparent, multiple beam pairs could be either from the same TRP or different TRPs. If a UE is in LOS and there is no reflector, the UE may not have multiple beams with a single TRP. In this case, a UE may use multiple beams from different TRPs, which is shown in Figure 2. 
The multiple beams may be generated using a single RF chain, or multiple RF chains. Furthermore, the contents to be transmitted over multiple beams may or not may be identical. Consider an example that TRP and UE set up a link with two narrow beams. TRP may modulate the same information bits to two different symbols and process these two symbols independently and then transmit them over two different beam directions simultaneously. Due to the symbol level redundancy, UE is able to detect the information bits after receiving either of these two symbols. When both symbols are received, they can be combined at receiver side for more robust communication. This additional dimension of diversity could further increase the robustness of the radio link.  



Figure 1: Multi-beam link between TRP and UE to resist dynamic blockage


[bookmark: _Ref463014386]Figure 2: Multi-beam link between Multi-TRPs and UE to resist dynamic blockage

Proposal 2: Robust transmission and reception techniques with the setup of multiple beams connection should be further studied. 

Conclusion
In this contribution, we discussed the impacts of dynamic blockage, UE movement and rotation to beam management. We have the following observation:
Observation: Dynamic blockage, UE movement and rotation may cause radio link failure and performance degradation.
To address the issues above, we discuss various potential solutions. Hence, we propose the following: 
Proposal 1: A fall-back transmission scheme (or mode) should be defined for a beam-pair recovering procedure when paired beams are mismatched due to blockage, UE movement and rotation.
Proposal 2: Robust transmission and reception techniques with the setup of multiple beams connection should be further studied. 
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