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Introduction
[bookmark: _GoBack]In this contribution, we first discuss beam management procedure considering channel properties. Further we make comparison between two different beam reporting alternatives.
Beam management procedure considering channel properties
Multipath effect of wireless channel has been observed and widely studied. Each path between TRP and UE can be modeled with delay, power, angle, etc. For analog beamforming, especially in carrier frequency above 6GHz, each available beam pair corresponds to at least one path, where the boresight of Tx beam is close to AoD, and the boresight of Rx beam is close to AoA.
In UE movement scenario, the angles of each path will change continuously, therefore beam refinement will be needed to guarantee beam pair quality. Based on the measurements of different scenarios, we have the conclusion that the angle spread of AoA/AoD of each path exists only in a small range, thus small scale beam refinement, i.e. P2 and/or P3 procedure is enough.
In UE movement scenario, the power of each path will change continuously along with angles as well. If the path power becomes too low, e.g. less than -25 dB compared to the maximum path power according to channel model defined in TR 38.900, or the corresponding beam pair(s) cannot be used to data/control transmission, beam failure event will occur. On the other hand, if the path power increases, new beam pair(s) may be available. To discover the new available beam pair(s), beam refinement can not be used because there’s no a priori information. In RAN1 #88bis, periodic signal is supported at least for P1 procedure. Details are listed below:
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Thus P1 procedure with periodic beam sweeping is a possible way to search new available beam pair(s).
Discussion on beam reporting
In RAN1 #88, it is agreed that two alternatives of beam reporting is supported: Rx beam set based as Alt 1 and antenna group based as Alt 2. For Alt 1, how to construct the Rx beam set depends on UE implementation. One example is that each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel. For Alt 2, antenna group refers to receive UE antenna panel or subarray, and then UE should report information about N best Tx beams for each antenna group.
In RAN1 #88bis, companies are encouraged to compare these two alternatives in order to perform down selection. Detailed agreements are listed as follows:
 (
Agreements
:
For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
Each company to state the assumed UE implementation in the analysis
)
· For Alt 1, different Tx beams associated with the same Rx beam set can be received simultaneously. After Rx beam sets are constructed, the combination of Rx beams in each Rx beam set is fixed, and the corresponding Tx beams are fixed as well. 
· For Alt 2, different Tx beams reported for different antenna groups can be received simultaneously. The combination of Tx beam can be determined by TRP considering traffic buffer status, channel information, scheduling method, etc. 
A typical situation when TRP schedules multiple UE is that the configured beam pair to a UE may not be the best in order to perform spatial multiplexing. For example, 2 UEs are attached to a TRP as illustrated in figure 1. Tx beam 2 is the best Tx beam for UE1, and Tx beam 4 is an alternative beam. However, for UE 2, Tx beam 2 is also the best Tx beam. If TRP schedules these 2 UEs with their best Tx beams in the same time-frequency resource, intra-cell interference will occur and system performance will be limited. Thus TRP may configure Tx beam 1 to UE 1 while Tx beam 2 to UE 2 to avoid interfere each other.


Figure 1. Scenario with 1 TRP and 2 attached UEs
For Alt 2, no additional procedure is needed because TRP can select Tx beam for each UE flexibly. However, for Alt 1, all possible combinations of Rx beam should be reported to achieve the same flexibility, which will cause larger feedback overhead.
Observation 1: TRP may configure alternative Tx beam to UE in order to avoid intra-cell interference.
Observation 2: To achieve equal flexibility, Alt 1 will cause larger feedback overhead than Alt 2.
Assume a UE with 4 panels, each 2 of them have the same panning angle and mechanical downtilt angle, thus antenna ports in these 2 panel are spatially QCLed. After DL beam sweeping, 2 best beams of each panel need to be reported to TRP from UE, when performing beam reporting:
· For Alt 1, each Rx beam set contains 4 beams corresponding to 4 panels, at least 2 Rx beam sets should be constructed
· For Alt 2, each antenna group contains 2 Tx beams, 2 spatially QCLed panels can be treated as one antenna group, thus the number of antenna groups is 2.
We can conclude that Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
Observation 3: Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
To achieve robust NR-PDCCH transmission against channel blockage, UE can be configured to monitor multiple beam pairs simultaneously. Multi-beam based PDSCH can be used to achieve better performance as well. If beam failure event occurs with one of these beam pairs, beam recovery is needed, and the associated beam group(s) should be updated. 
· For Alt 1, the Rx beam set(s) containing blocked beam pair(s) will be out of date. UE should perform beam recovery and report new Rx beam set(s) to TRP.
· For Alt 2, since changing beam pairs doesn’t affect grouping of UE antennas, we can simply delete the blocked beam pair(s) in the associated antenna group. After beam recovery, new beam pair(s) can be added to the associated antenna group.
The analysis above shows that it’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Observation 4: It’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Based on these observations, we propose to select Alt 2 as beam reporting method, no the Alt 1.
Proposal 1: NR supports antenna group based beam reporting (Alt 2).
Conclusion
In this contribution, we have the following observations:
Observation 1: TRP may configure alternative Tx beam to UE in order to avoid intra-cell interference.
Observation 2: To achieve equal flexibility, Alt 1 will cause larger feedback overhead than Alt 2.
Observation 3: Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
Observation 4: It’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Based on these observations, we have the following proposals:
Proposal 1: NR supports antenna group based beam reporting (Alt 2).
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