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1	Introduction
From RAN2#94 minutes “Cell/beam related terminology and principles”: 
Agreements
Two levels of network controlled mobility:
1: RRC driven at 'cell' level.
2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 


In this contribution, we discuss the potential impact of beam forming on intra-cell operation (mobility and connectivity with minimum/no RRC involvement) and discuss motivation and need for beam management.
2	Discussion
In [1] we discuss beam forming related terminology such as beam, cell, beam level mobility and inter-cell mobility. In this contribution, we discuss further the implications of beam forming on intra-cell connectivity. 
In higher frequencies (>> 6GHz, current LTE frequencies) a cell area may be covered by using multiple, potentially narrow high gain beams. Radiation patterns of different beams may overlap to provide solid coverage for e.g. common control channels throughout the intended cell area. The number of beams may range e.g. from tens to hundreds as not only azimuth direction but also in some cases elevation may need to be covered.  
As the radiation patterns of different beams overlap and due to radio environment (e.g. reflecting surfaces, scattering) a receiver may be under the coverage area of multiple beams. Due to the narrow beams UE mobility, even relatively slow, may have large impact on the beams that can be used for communication with gNB. Also the change of radio environment surrounding of the UE may change relatively fast so that UE may be able to communicate with new beams or some of the current communication beams may be suddenly blocked.
Figure 1 illustrates a scenario where UE is under the coverage of multiple gNB beams of a cell. Unless otherwise stated we assume reciprocity between DL and UL, i.e., a ‘beam’ covers both downlink and uplink directions; or TX and RX directions, respectively. A candidate beam is a beam which could potentially be used for communication on downlink and uplink direction. Determining how to select candidate beams out of detected beams (beams that are ‘seen’ by the UE) is for further study. A serving beam (or beams) is a beam which is currently used for transmitting or receiving information for a given UE.
Observation 1: UE may be under coverage of multiple beams which could be used for communication


Figure 1. Illustration of a scenario where UE sees multiple beams.
2.1	Beam Management
Beam level mobility in a serving cell may be better described as ‘Beam Management’. The aim of the beam management or beam management procedure is to maintain connectivity between UE and a serving cell during mobility and radio environment change. Also an additional aspect is to provide scheduling flexibility for the network to potentially maximize the utilization of radio resources. 
To maintain connectivity between gNB and UE the observation 1 can be seen as an advantage. As UE can be potentially communicated by multiple different beams, signalling and maintaining such information about possible beams between gNB and UE may be beneficial to avoid loss of connectivity due to abrupt signal level changes of certain beam (beam blocking). To maintain a set of (multiple) candidate beams, feedback and reporting mechanism to support beam management should be considered. 
Proposal 1: Consider Beam Management procedures/techniques to maintain connectivity between UE and the serving cell potentially via multiple beams.
Although a candidate set is maintained UE may potentially experience sudden signal level drop on one or more (in some cases all) beams in the set so that some of the candidate beams in the set may not be used for communication. Sudden drop of signal level may be due to radio environment change, e.g., candidate beams become obstructed or a reflecting surface is moved. There should be a way to quickly detect such changes in the candidate set and recover if a beam or all the beams between gNB and UE are determined to be lost.
Proposal 2: Consider Beam Management techniques to detect and recover beam level link failure when the connectivity is lost with the serving beam.
As the set of candidate beams may change over the course of time in a cell, sometimes rapidly, efficient and fast signalling methods should be studied for beam management. When UE is in the coverage of the serving cell but is served by using different beams or set of beams on different time instances, it is expected that L2 user plane configuration would not be impacted by the change of a serving beam or a change of beams in the candidate set. Furthermore, involving RRC signalling to react always on these rapid changes could become quite costly and involve unnecessary signalling overhead as the ‘to and from’ messages are required even though the communication link was maintained.
Observation 2: Signalling methods that are efficient and fast should be studied for beam management. It is FFS how the beam management is visible to L2 and should be jointly considered with RAN1 as their work progresses.
Observation 3: L2 user plane configuration is not affected by the change of serving beam in the serving cell or the change of candidate beams in the set.
Proposal 3: Consider Beam Management procedures/techniques that have minimum or no impact on RRC level signalling. 
2.2	On the Scheduling Flexibility
With transceiver architectures using analogue beamforming (either fully analogue or hybrid architectures) the number of concurrent beams is limited by the number of TXRUs (transceiver unit). Due to the cost and complexity issues such number may be e.g. 2, 4 or 8. While it may be seemingly transparent for RAN2 which transceiver architecture would be used, it is important to understand the limitations when deciding which procedures to specify.
Number of concurrent beams means the maximum number of different directions that can be used to communicate with UEs in the cell coverage. Thus for example if UEs are scattered in different directions, the scheduling may not be limited by the availability of radio resources but the availability of a directional/ spatial resource. 
Observation 4: Typically, e.g., in LTE the availability of time-frequency resources limits the scheduling decisions. However, a system utilizing beam forming may also be limited by the availability of directional/spatial resource.  
[bookmark: _GoBack]Observation 4 is another aspect to motivate the study of beam management procedure which aims to maintain a set of candidate beams. A simple and seemingly best way would be to use and maintain always the beam of the best link quality between UE and gNB. Beam with the best link quality would potentially lead in theory to the best performance (throughput/latency). This may be a feasible way when the number of UEs in the cell is low and the directional resource is available on TTI basis. 
However, with high number of UEs (scattered in different directions in the cell) this may lead to inefficient use of frequency / time resources. If more UEs could be served per beam direction, the scheduler would have more freedom to perform scheduling decisions and thus utilize resources more efficiently. As an example, the UE could be served by selecting a beam from a set of beams (with potentially different qualities) during the TTI rather than not being served at all.
The following benefits are seen by maintaining a candidate set:
-	CP/UP latency is reduced as UE may be scheduled more often;
-	Increase of throughput;
-	More efficient radio resource utilization due to the increased scheduling opportunities and flexibility as per beam ‘trunking efficiency’ is increased;
-	Reduced signalling load and latency caused by failure recovery as e.g. another beam in a candidate set can be used to reconnect with UE. 
While with digital beamforming architectures some of these issues are alleviated (since beams can be formed e.g. per subcarrier basis if needed), still there may be uncertainty of how UE observes the changing radio channel due to mobility or due to change of signal propagation environment:  in similar manner some TX directions may be blocked and there may be similar uncertainty of UE location in the cell.
Proposal 4: Consider Beam management procedures which provide flexibility for radio resource scheduling
3	Conclusion
In this contribution following observations were made:
Observation 1: UE may be under coverage of multiple beams which could be used for communication
Observation 2: Signalling methods that are efficient and fast should be studied for beam management. It is FFS how the beam management is visible to L2 and should be jointly considered with RAN1 as their work progresses.
Observation 3: L2 user plane configuration is not affected by the change of serving communication beam in the serving cell or the change of candidate beams in the set.
Observation 4: Typically e.g. in LTE the availability of time-frequency resources limits the scheduling decisions, a system utilizing beam forming may also be limited by the availability of directional/spatial resource.  
As a conclusion, based on the observations we propose following:
Proposal 1: Consider Beam Management procedures/techniques to maintain connectivity between UE and the serving cell potentially via multiple communication beams.
Proposal 2: Consider Beam Management techniques to detect and recover beam level link failure when the connectivity is lost with the serving cell.
Proposal 3: Consider Beam Management procedures/techniques that have minimum or no impact on RRC level signalling. 
Proposal 4: Consider Beam management procedures which provide flexibility for radio resource scheduling.
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