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Introduction
At RAN3-103 an offline discussion on MIMO use cases was started and it was stated that an analysis of possible MIMO use cases should be done as part of CCO discussions. In this paper such MIMO use cases are analysed and conclusions on how to proceed with this topic are drawn.
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CCO and MIMO use cases
In the context of Coverage and Capacity Optimisation R3-19xxxx explained that the two main use cases are as follows:
· Use case 1: Coverage problems
Here we encounter cases where the coverage of reference signals is sub-optimal, leaving the UE exposed to failures or sub-optimal performance, e.g. when a coverage hole is found or when UL/DL disparity is encountered. It is worth noticing that MRO will take care of all types of failures due to wrong mobility settings within a network with good cell planning. That implies that CCO should address cases where the root cause of the problem is due to a bad coverage planning.

· Use Case 2: Capacity problems
Within this class we find cases where capacity within a cell or a static beam is saturated (in case static beams are used in the deployment), resulting in one or more UEs being subject to failures or suboptimal performance. There are a number of reasons for such event, such as high demand of services which exceeds resources available in the cell/beam or poor radio conditions affecting a large share of served UEs (for example where a large number of UEs is at cell edge, causing high interference to other UEs and consuming large amounts of resources). 
It is worth noticing that MLB will take care of load distribution via mobility and that such mobility load balancing is done mainly in inter frequency scenarios, i.e. where cross cell interference is not an issue. That implies that CCO should address cases where the root cause of the problem is due to serving UEs at cell/beam edge, where the “edge” is between cells/beams utilizing the same resources

Together with the remit of action for the CCO function it is worth identifying the use cases for MIMO, or in general for digital beamforming. There are two main types of beamforming where MIMO can be used:
· Reference signal beamforming for broadcast and synchronization channels, which typically consists of a set of semi-static beams that together cover the whole served cell. These “shared” beams are identified by the periodic RS they transmit, e.g. SSB and typically use “classical” beam shapes.
· UE specific data channel beamforming, which consists of a very dynamic and UE-dependent beam configuration (changing up to every TTI) in which beams carry data channels like PDSCH. These beams typically don’t use the “classical” beam shapes but rather a generalized beamforming is used. 

It is worth noticing that the data channel MIMO function will process a number of UE related information such as UE traffic demand, UE radio conditions, UE mobility and it will dynamically decide how to schedule the UE over opportune radio resources as well as how to shape the data channel beam for this UE in a way that it can have the maximum gain at minimum transmission power and also take into account interference towards co-scheduled victim UEs in the same cell, i.e. MU-MIMO. 
Extensive work is ongoing to ensure that data channel beams can work in the most efficient way, e.g. without the need to “overshoot”. As an example, RAN1 is working on enhanced MIMO for NR which includes MU-MIMO enhancements and support for multiple TRP transmission, which uses transmission from different transmission points of the same gNB-DU towards a UE, in order to always exploit the best transmission pattern towards the UE and therefore reduce transmission power while maximizing gain.

Should CCO tackle MIMO coordination?
As proposed in R3-19xxxx (paper on CCO solution) the main scope of CCO should be that of adjusting RS beams for the broadcast and synchronization channels. Namely, to adapt cell coverage to achieve coverage and capacity optimisation by means of adjusting SSB beams. This can be seen as a form of MIMO/beamforming coordination.
It is believed that adjustments of SSB beams can be achieved within a RAN node and between RAN nodes by means of collecting and exchanging UE measurements and report, e.g. RACH reports, RLF Reports, SSB measurements. Once SSB coverage is optimised and coordinated, UEs would be connected to the best cells to guarantee maximum capacity and optimal coverage.
Observation 1: Coordination of SSB beams can achieve optimal coverage and capacity based on steering UEs to connect to the best cells. This can be seen as MIMO coordination for RS beams used for broadcast and sync.
Once SSB coverage is optimised it is possible for a gNB-DU to ensure that its data channel beams are contained within such SSB coverage. In fact, a gNB-DU can configure a UE to report channel state information for the data channel beam such as CQI . The gNB-DU can also configure the UE to report L1-RSRP for SSBs or for CSI-RS configured for beam management. The latter is described in TS38.214 and it consists of L1 RSRP measurements collected by the UE for SSBs or CSI-RS and reported to the gNB-DU. 
By means of comparing data beam channel state information and L1-RSRP reports, the gNB-DU is aware of whether the coverage of the data channel beam for a specific UE is stretching beyond the SSB beam coverage or if it is within that. 
Observation 2: a gNB-DU, which is in charge of beam management, can identify whether a data channel beam extends unnecessarily beyond the corresponding SSB beam coverage or if it is within that.
With this observation it can be concluded that 
Conclusion 1: Once SSB beam coverage is optimised, a RAN node implementation has the capability of ensuring that its data channel beams are within such coverage. Therefore, there is no need in 3GPP to derive mechanisms to coordinate data channel beam coverage within a RAN node.
For inter RAN node cases it should be observed that cross cell interference due to “overshooting” data channel beams should already be mitigated by the intra RAN node coordination described above. 
If the aim of data channel MIMO coordination was however to resolve cases where cross cell/cross node interference is caused by “on purpose” overshooting neighbour data channel beams, there are two observations to be made
Observation 3: Cross cell/cross node data channel interference mitigation has been a topic handled primarily in RAN1 and out of scope of the RAN Centric DCU SI
Observation 4: Changes in data channel beam configurations can be up to per TTI level. Trying to coordinate such beam configuration across RAN nodes would be impossible if considering the inter node interference latencies. 
The above leads us to the following conclusion
Conclusion 2: Inter RAN node interference coordination due to data channel beam MIMO is not in scope of the RAN Centric DCU study and is subject to critical technical challenges 										
Conclusion
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This paper has described the reasons for which it is concluded that MIMO should not be tackled in the RAN Centric SDU SI. The following observations and conclusions were derived:

Observation 1: Coordination of SSB beams can achieve optimal coverage and capacity based on steering UEs to connect to the best cells. This can be seen as MIMO coordination for RS beams used for broadcast and sync.
Observation 2: a gNB-DU, which is in charge of beam management, can identify whether a data channel beam extends unnecessarily beyond the corresponding SSB beam coverage or if it is within that.
Conclusion 1: Once SSB beam coverage is optimised, a RAN node implementation has the capability of ensuring that its data channel beams are within such coverage. Therefore, there is no need in 3GPP to derive mechanisms to coordinate data channel beam coverage
Observation 3: Cross cell/cross node data channel interference mitigation has been a topic handled primarily in RAN1 and out of scope of the RAN Centric DCU SI
Observation 4: Changes in data channel beam configurations can be up to per TTI level. Trying to coordinate such beam configuration across RAN nodes would be impossible if considering the inter node interference latencies. 
Conclusion 2: Inter RAN node interference coordination due to data channel beam MIMO is not in scope of the RAN Centric DCU study and is subject to critical technical challenges 

It is proposed to leave MIMO cases out of CCO use case scenarios and to let RAN1 decide whether and when MIMO coordination is needed.
