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As part of the RRM requirements for NR, RAN4 will have to define requirements for beam management. This area is new to RAN4, what requirements should be defined and the methodology to derive these requirements has to be discussed. In this paper we provide a brief analysis on these issues.
2. 	Discussion
Beam management has some similarities to the actual measurements used for mobility in legacy systems. From a physical layer point of view, each beam can has to discovered and measured independently(similar to a cell in legacy cases), and based on these measurements the UE will switch the beams used for communicating with the base station(similar to handover in legacy systems). The coverage of each beam is likely to be much smaller compared to a normal cell so the beam switching is likely to be on a much shorter time scale compared to LTE handovers. For beam managements, RAN4 is expected to develop requirements for beam detection, measurement period and number of beams that the UE should be able to monitor.
Observation 1: For beam management RAN4 will have to define requirements at least for beam detection, beam measurement period and number of beams that a UE should be able to monitor.
To determine mobility related requirements in the past, RAN4 performed dynamic system simulations with different parameters for mobility procedures to understand the tradeoffs between performance and UE measurement activity. The goal of these simulations is to define measurement requirements that are versatile enough to guarantee o minimum level of performance in various deployment scenarios while balancing UE power consumption and processing complexity. To understand the requirements needed for beam management, a dynamic system simulation with beam management procedures would be needed. 
Observation 2: A dynamic system simulation should be used to determine the requirements for beam management.
Considering the very tight timeline for development of the requirements, RAN4 should discuss and agree the high level simulation parameters as soon as possible. Implementing and running such complex simulation will take a significant amount of time. Even if RAN1/2 have not finalized the design for the beam management procedures, we believe that the RAN4 discussion on simulation setup can proceed and it could even be possible to perform some simulations for alignment using simplified procedures. 
For deployment scenarios, the scenarios captured in TR 38.802 applicable to frequency ranges 24-52GHz should be used. It should be noted that Indoor hotspot, dense urban and urban macro were also used for the NR co-existence that RAN4 performed during the NR study item.
The channel models used in dynamic system simulations must be correlated with the movement of the UEs. In TR 38.900, this is referred to as spatial consistency and a model is provided in Section 7.6.3. We propose to use this models in the dynamic system simulations.
Proposal 1: Dynamic system simulation should employ the deployment scenarios in TR38.802 applicable to 24-52GHz and channel models with spatial consistency as defined in TR 38.900.
Beam management procedures together with beam recovery have to be emulated in the simulation. For the beam management, beam detection, measurement period, triggering and reporting delay, beam switching delay have to be modeled in the simulations. The goal of the simulations is to understand how different sets of delay parameters influence the system performance and what the appropriate requirements to de defined.
Measurement accuracies will have to be accounted for in these simulations. RAN1 has not finalized the design for the reference signals to be used for measurements so the measurement accuracy is not yet known. Until these details are clarified, we believe that measurement accuracies based on LTE specifications could be used in the initial phase of the simulation campaign.
The statistics to be collected should be similar to statistics previously used in mobility simulations: percentage of beam switch failures, amount of time spent in outage(UE cannot send UL/DL traffic), number of ping-pongs and time of stay on a single beam. 
[bookmark: _GoBack]The modeling of the UE antenna array and rotation will play a very important role in the outcome of the simulations. UEs are expected to have different array gains in different directions and the beams that they “see” will depend on this. Whether the assumptions used in the co-existence study (UE has 2 panels, each with 4 elements on each polarization. Total of 16 elements) should be re-used or a different model(e.g. a minimum gain that applies in any direction) should be adopted needs further discussion. 
It should be noted that the requirements should be agnostic of the UE antenna configuration (should not mandate a certain antenna implementation). This aspect should also be taken into account when discussing the antenna model and simulation assumption.
3. 	Conclusion
In this paper we briefly discussed the high level framework for defining the beam management requirements. We made the following observations and proposals:
Observation 1: For beam management RAN4 will have to define requirements at least for beam detection, beam measurement period and number of beams that a UE should be able to monitor.
Observation 2: A dynamic system simulation should be used to determine the requirements for beam management.
Proposal 1: Dynamic system simulation should employ the deployment scenarios in TR38.802 applicable to 24-52GHz and channel models with spatial consistency as defined in TR 38.900
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