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1	Introduction
Both the data collection and utilization TR [1] and the WI suggest exchanging load related information on beam level. In this contribution we present our understanding of beam level measurements and discuss possible solutions. 
2	Discussion
2.1	SSB Load Reporting
The TR [1] suggests beam level reporting over X2, Xn and F1 interfaces, i.e. to transfer load related information per SSBs or SSB beam / index. The purpose of this to achieve a finer spatial granularity for the load reporting. This enhances the use cases for MLB to be also applied on sub-cell level. For example, it would allow for identifying low loaded sub-cell areas of a neighbour cell while plain cell-based reporting identifies the cell as medium or even high loaded.
Reporting load related information per SSBs or SSB beam already implies a few aspects that are worth to discuss in more detail:
1. Beam level load reporting is only reasonable if a beam comes with its own resources. For example, if a single beam can utilize the resources of the complete cell then there’s no difference between load reporting on cell level and load reporting on beam level.
Observation 1: The use of sub level - load reporting on sub-cell level is only meaningful if the sub-cell level comes with its own resources.

A consequence of this is that load reporting signalling must be flexible enough to identify sub-cell level coming with its own resources.
Proposal 1: Load signalling per sub-cell level must be flexible enough to identify sub-cell level coming with its own resources.
Load reporting per SSB or SSB beam implies that the transmitter can associate the transmitted data to an SSB. However, what so far was named as SSB or SSB beam is a reference signal identified by the SSB-Index which can be measured by the UE.
Observation 2: The beam which is used for the UE’s data transfer is freely decided at MAC layer and its association to reference signals is not visible to higher layers.
The list of SSB and SSB index per cell is communicated over X2, Xn and F1 interface for the configuration of UE measurement mobility. This implies that the SSB and SSB index are relatively stable in time and do not require frequent update.
Proposal 2: If SSB index is used for sub-cell level, RAN3 assumes that the SSB-Index is used statically/semi-statically.
2. For SSB-Index based load reporting the gNB (more precisely DU if split architecture is implemented) must map all the actively used resources in a cell to SSB-Index. This should be possible in an implementation specific manner. For example, analysing the PDSCH TCI-State (Transmission Configuration Indication) that holds quasi co-location information shows that for QCL TYPE-D (spatial quasi-co-location) of the PDSCH TCI-state, there is always a connection to SSB, through TRS (phase tracking reference signal) or another non zero power CSI-RS.

The same kind of association could be done for UL.
Proposal 3: RAN3 to agree that it is feasible for gNB to collect statistics per cell and BWP for TCIs of scheduled PDSCH and assign those to a unique SSB-Index. According to a LS [2] from RAN1, RAN3 can assume that this also holds for CSI-RS based resources which were considered to be of semi-static nature, i.e. are not changed too frequently. 

2.2	Resource of load measurement and maximum load
The measurement of the traffic on a given beam, could be measured in term of PRB, but the configuration of PRB is not unique in NR, and it depends on the SCS (Sub Carrier Spacing). In the same Cell, different BWP can be configured with different SCS, so the meaning of PRB is not unique within one Cell. 
Observation 3: It is not possible to use PRB as a measurement for the load in a Cell, or in a Beam.
Thus, the load should be measured using another unit, like a relative unit as used for the generic Composite Available Capacity. 
If we want to measure the load of a cell / beam, we need to compare the used load to the maximum load. This can be more difficult when the load is set per beam: the maximum load on a beam depends on the amount of time allocated to the beam. And in some case, it is possible that the Cell transmits simultaneously in two different beams or direction. Thus, the definition of the maximum load should be investigated.
Proposal 4: The definition of the maximum load should be investigated taking into account time allocated to the beam.
It should be also noted that the cells can have different configuration in the network: the number of SSB and their special configuration can differ, making the load per Beam comparison more challenging between cells.

2.3	Load per direction
For providing a fine sub-cell level spatial granularity for MLB reporting we could think of replacing the notion of ‘load per beam’ by the notion of ‘load per direction’. The mapping between load per beam to load per direction must be done by the MAC layer because this knowledge is not available at higher layers. The user data beams at MAC layer can still be changed and there is no need to reveal what beams are used in the MAC layer. For interoperability and for avoiding the need to exchange mapping information between the nodes the notion of ‘load per direction’ should be standardized.
Load reports associated with the reference signal SSB-Index require some learning phase in the receiving node to know the direction of the reported load. This can be learned from the UE measurement reports of the served UEs. The direction of the reporting UEs is known by the serving node and so the direction of the reference signals measured by this UE. This requires that the SSB-Index is static/semi-static.
[bookmark: _GoBack]Observation 4: The spatial direction of received SSB-Index based load reports can be learned by the receiving node by comparison with the SSB-Index of measurements from the served UEs.
Note that the identification of the UE direction could also be done when the Network uses refined beams (with CSI-RS). This would allow a finer granularity in UE direction indication.
Observation 5: The spatial resolution of SSB-Index based load reporting is coarse compared to load reporting that is based on a notion of ‘load per direction’ that can exploit more accurate MAC layer information.
Proposal 5: RAN3 to further investigate the possibility to report ‘load per direction’ that can exploit more accurate MAC layer information.

3	Conclusion
We have made the following proposals for load reporting per SSB beam:
Proposal 1: Load signalling per sub-cell level must be flexible enough to identify sub-cell level coming with its own resources.
Proposal 2: If SSB index is used for sub-cell level, RAN3 assumes that the SSB-Index is used statically/semi-statically.
Proposal 3: RAN3 to agree that it is feasible for gNB to collect statistics per cell and BWP for TCIs of scheduled PDSCH and assign those to a unique SSB-Index. According to a LS [2] from RAN1, RAN3 can assume that this also holds for CSI-RS based resources which were considered to be of semi-static nature, i.e. are not changed too frequently. 
Proposal 4: The definition of the maximum load should be investigated taking into account time allocated to the beam.
Proposal 5: RAN3 to further investigate the possibility to report ‘load per direction’ that can exploit more accurate MAC layer information.
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