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Introduction
In this contribution, we present two additions use case Scenarios for the RAN Centric Data Collection study item and a new set of Massive MIMO Parameters. 
The two scenarios were also included in the e-mail discussion that took place in the RAN3 reflector.
Discussions
Massive MIMO (MaMIMO) elements will be playing a vital role in the future 5G RAN networks to enhance coverage and performance and to better utilise the spectrum resources. Therefore, it is essential to analyse the behaviour and performance of these elements closer by collecting essential data. 
The behaviour performance of the Capacity and Coverage Optimisation (CCO), changes slowly over many hours or even daily [1] whereas the performance of the MaMIMO changes rapidly over milliseconds. Furthermore, by combining the CCO with MaMIMO, the performance and the influence of the MaMIMO element will be ‘masked’ and it would be difficult to isolate from the CCO performance.  Therefore, in our view MaMIMO and its performance needs a separate and a closer study. 
On the topic of the UE centric data collection, this is very important piece of work and it represents:
1- The performance of the Network at certain geographical location
2- Performance of the application on the UE and with the network
3- Overall User experience
Currently operators utilise a number of proprietary UE based tools and applications to measure the performance of the network from the Users’ perspective.  These applications measure the RF and other UE parameters either regularly or randomly and report them back to a centralised server in the core. The mass of “crowd data” collected point to the behaviour of the network and how well various applications perform. In our view, the UE centric data collection needs to be discussed openly and various critical parameters standardised. It follows that in order to obtain certain parameters, ‘probes’ are then required in the UE.
In his contributions, we present two additional use case scenarios 
1- UE Based Data collection
2- Massive MIMO 
We also propose a new set of MaMIMO Parameters/traces to enable operators to understand the MaMIMO performance and antenna array utilisation. This is applicable to a large number of use cases, three of which are discussed in section 4.1.    
These two use cases are discussed in the proceeding section.
UE Based Data Collection 
Optimisation at a cell level is no longer a good enough indication of a network, which provides adequate end user experience. Operators are moving from this network-centric reporting model towards customer-centric models. It is vital that UE level metrics are available to achieve this goal. Periodic UE level metrics are available from multiple domains such as RAN (trace, crowd source), core (MSS, PGW, SGW, SGSN), application (Deep Packet Inspection (DPI)) which can provide this rich view of customer experience. Algorithms can be used to stich these data sources together and aggregate/anonymise to an appropriate level without losing the required insights. For example, UE trace data can be collected from existing or new interfaces in the UE, and provide information on radio events such as, call-drops, radio link failures, messaging, etc. and in some cases geo-location information from MDT/RDT. A more accurate reporting of UE location data with the help of GNSS and other sensors is useful to make better predictions related to user mobility patterns, location of coverage holes, ping-pong handover and congestion zones. Where geo-location is not available, it can be estimated based on triangulation techniques. This could be categorised as a type of “crowd sourcing” data collection whereby large amount of data is collected from various UEs at different times providing a better view of network performance and various applications, in different locations.  See also following Figure 1
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Figure 1 Parameters to be collected from a UE in the field
The proposed set of data to be collected from the UE include but are not limited to: 
· RAT Technology used 
· Signal Strength/ RSRP/ RSRQ
· Channel Quality Indicator CQI
· Noise and interference level 
· Band information (what bands can UE detect) 
· Power Amplifier information / PAR information 
· Call Attempt Failures
· Drop Calls 
· Handover Failures
· Radio Link Failures (RLF) 
· Re-establishment Attempts  
· Coverage voids (no signal) locations
· Download and Upload Throughput
· QoS / Latency/ Jitter/ Packet Loss 
· Application information
· Location data using GNSS and any other sensors available in the device
· UE periodic per-beam measurements 


Massive MIMO
Strategic MaMIMO antenna deployment in LTE and NR bring net positive gains to end user experience, and to the network ecosystem as a whole. Maximising the potential performance gains for MaMIMO antennas and assessing their impact on the surrounding network is an area requiring focus within the C-SON and D-SON domain. Data pertaining to MaMIMO antenna array usage would be very useful in the decision and feedback criteria for features such as Coverage and Capacity Optimisation (CCO) and load balancing, allowing the algorithms to make decisions that are more intelligent. Antenna array usage information can inform these algorithms whether the MaMIMO cells have the ability to manage users in specific locations in both long term (CCO) and short term (load balancing) scenarios. An example of how MaMIMO antenna array patterns can impact decision making in CCO can be seen in Figure 2. A brief explanation of this scenario is given below, where cell 1 is a standard antenna with electrical tilt, and cell 2 is a MaMIMO antenna, see following  Figure 2: 
1- Cell 1 requires down tilt due to capacity/interference breech
2- Cell 2 is assessed to take the potential loss in traffic from cell 1
3- Investigation shows that only the bottom tier of antenna arrays from cell 2 are in use 
4- Decision is made to down tilt cell 1
5- Feedback is used to ensure that traffic levels (and where possible distinct users) are maintained
The collected RAN data must contain performance management and antenna array counters from the nodes. UE trace measurements, CDRs, and crowd source data are also potential useful sources of data to enhance the understanding of how the performance of customers in the targeted areas are effected. 
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[bookmark: _Ref536011463]Figure 2 CCO using Massive MIMO statistics
In relation to maximizing the performance of MaMIMO antenna arrays two practical network scenarios[footnoteRef:1] are proposed as described below: [1:  More case scenarios can be added ] 

Scenario 1- Improvement of the convergence rate to reach the optimal antenna beam pattern per user or per set of users 
Scenario 2- Improvement of the mobility and mobility robustness for high speed users. This would require a simultaneous feedback from the UE during data collection
“Scenario 1” proposes to add additional information to the decision making algorithm involved in optimising antenna array selection based on the learned cell traffic profile. As the antenna array optimisation will differ per cell it is important that this information is provided at a per cell level and may include information such as geographical population clutter, geographical user density based on crowd source or geo-located trace data, etc. 
“Scenario 2” is more closely related to optimising for specific users when in mobility. Learned beam forming sequences can be used to optimise the experience of a customer traveling in a certain direction on a certain route. Users in mobility can be estimated based on the cell handover patterns and when entering a MaMIMO cell can follow a specific learned antenna pattern based on the predicted road they are traveling along. See Figure 3 below a graphical representation of this concept. 
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[bookmark: _Ref536601267]Figure 3 Massive MIMO case scenario


[bookmark: _Ref536526961]New Massive MIMO Parameters
In order to obtain a more detailed view of the behaviour of the MaMIMO antenna arrays new counters/trace events are required, we propose to extract antenna array information and make this available to operators. The fundamental ask is for the RAN vendor to produce a pdf counter/trace event to represent the antenna array usage in matrix form, an example of this representation is given in Figure 4. The information obtained is useful in many scenarios, here we will outline 3 of these scenarios; antenna placement, antenna array selection, geolocation accuracy improvements.  
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[bookmark: _Ref536597546]Figure 4: Suggested new massive MIMO counter/trace

Antenna placement
Vertical beamwidth patterns in MaMIMO make antenna placement a vital consideration in their deployment. It is important that all vertical antenna planes be utilised to ensure maximum spectral efficiency. Antenna array information will inform the operator of poor antenna placement, and potentially incorrect antenna deployment. Figure 5 gives an example of poor antenna placement on a rooftop where top tier antenna arrays are redundant, with antenna array information operators would have the required visibility to identify and rectify these issues to ensure maximum spectral efficiency.  
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[bookmark: _Ref536598557]Figure 5: Massive MIMO antenna placement
Massive MIMO antenna array selection
Antenna array usage can inform the e/gNodeB on antenna array utilisation, this information is extremely important for convergence time of the antenna array selection algorithm. Figure 6 shows an example of a MaMIMO cell serving a high density town and low density rural housing. In this scenario the antenna arrays serving the high density town should be selected first as this has a higher probability of being correct based on antenna array counter information. 
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[bookmark: _Ref536600064]Figure 6: Massive MIMO antenna array selection
Massive MIMO Geolocation Accuracy
Antenna array information can improve the accuracy of geolocation tools, especially in the scenario that only a single cell is present in trace data measurement. Single cell triangulation geolocates randomly across an arc (cell azimuth +/- 0.5 * beamwidth). Adding antenna array information as a trace event could significantly improve the accuracy by eliminating the majority of the arc based on the trace information. An example of this is shown below in Figure 7.
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[bookmark: _Ref536600803]Figure 7: Massive MIMO Geolocation Accuracy
In summary, we propose to add the following three parameters to the list of Massive MIMO parameters to be extracted from the unit:
· Antenna Placement 
· Antenna Array Selection
· Geolocation Accuracy 
Proposal and Conclusions
In addition to scenarios presented previously and discussed over the e-mail reflector, from operator’s perspective we propose to include the Massive MIMO and UE Based Data collection to the list of use cases for RAN Centric Data collection SI.
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Suggested new massive MIMO counter/trace
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Reasoning:
- Antenna array information is useful for (but not limited to) the use cases below
- Antenna location decisions
- Geolocation accuracy
- Antenna array selection
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Massive MIMO antenna placement
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Theory:

- Massive MIMO antenna in diagram 1 does not use top tier antenna arrays due to antenna placement

- Antenna array counters gives the insight to reposition antenna as shown in diagram 2, exploiting all
antenna arrays
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Massive MIMO antenna array selection
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Theory:

- Antenna array selection algorithms in the e/gNodeB could be enhanced using antenna array information

- Antenna arrays with high utilisation should be selected first as the end user has a higher probability of
being in this antenna arrays coverage area
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Theory:

- When only a single cells is present in trace data measurement, triangulation algorithms can only geolocate
randomly across an arc (azimuth +/- 0.5 * beamwidth)

- Adding antenna array information as a trace event could significantly improve the accuracy in this scenario




image1.jpg
Massive MIMO
Antenna
Parameters

Massit
Antenn;

Basestation

UE Parameters
RSRP/RSRQ

cal

Noise and
interference

Call Attempt Failure
Drop Calls
Handover Failure
RLF Failure

Qos.

W





image2.png
CCO and massive MIMO
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Procedure:

- Cell 1 requires down tilt due to capacity issues

C-SON can use antenna array information from Cell 2, which indicates numerous vertical arrays are not
being used (so cell should be able to serve users at larger distance from the cell

C-SON feedback can monitor Cell 2 vertical arrays to see if traffic is transferred to these arrays




