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Abstract: In order to support the improved or new functionality enabled by the use of a central coordination function are needed new reports providing a more suitable view of the wireless network.
Introduction

The requirements indicated in ‎[1] include:
“-
The RAN architecture shall support tight interworking between the new RAT and LTE.
-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

-
The RAN architecture shall enable a separation of control plane signalling and user plane data from different sites.

-
The RAN architecture shall support interfaces supporting effective inter-site scheduling coordination.
As shown in our companion contribution R2-162231 ‎[2], one of the key new functions to be considered is a Central Coordination which will coordinate the inter-site scheduling aspects.

The coordination function is hierarchically above the local control (scheduling) of a base station/ transmission point.
Network graphs in mobile networks
The information regarding the state of the wireless network can be represented by network graphs, including nodes (transmission points and UEs) and edges (inter-node interactions). 
The network graphs are more suitable for inter-transmission point scheduling coordination as they provide ordered and comprehensive information regarding the connectivity, inter-node interactions and node properties.
An example of a network graph is presented in Figure 1:
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Figure 1: A downlink network graph
The network graph in Figure 1 shows the base stations (nodes or vertices) creating interference for example to UE2. The serving and interfering links are named “edges” of the network graph. The edges in this example are noted with D (for downlink) followed by the index of the transmitting node, the index of the receiving UE and the index of the node serving the UE.
Observation 1: The network graphs represent a convenient mode for presenting the status of the mobile network

As it can be observed from the network graph, the total downlink interference can be easily assessed by a simple linear equation if the EIRP (Effective Isotropic Radiated Power) of the transmitted power and the path loss for each edge is known. If this information would be available, the Central Coordinator will set the power to be used by each interfering cell and will pre-evaluate the obtainable CQI for different active cells and transmission powers of each cell. 
Observation 2: The edges of a network graph connecting the UEs with the transmission points should reflect  the path loss of each node such to allow the estimation of the total interference experienced in DL by UE or in UL by base station.
The nodes can include information related to transmission point/base station, for example, power allocation per time/frequency resource (i.e. RNTP information) per cell or energy model of the transmission point or UE battery status. 

Observation 3: The nodes in the network graphs can include the information specific to a base station or a transmission point or an UE.
CQI reports for use by a central coordination function

Cell-specific CQI
The existing CQI reports, even if transmitted to a central coordinator, lack the property of linear combination; in addition TS36.423‎[4] limits the number of CSI processes per UE and per cell to only four, with only maximum two reports per CSI process (for example for two subbands).

CQI should be assessed in each subframe, as the background interference could change. For 10 subframes and 6 subbands per subframe, this may conduct to 60 UE Reports per 10 subframes, which is obviously too much.
TS36.423‎[4] limits the number of CSI processes per UE and per cell to only four, with only max. two reports per CSI process (for example for two subbands), conducting maximum 8 Reports per cell. 
Eight CQI reports are enough for covering:

· 3 interfering cells, in one subframe, with the restriction that only wideband CQI is used
· 1 interfering cell in one subframe, if subband CQI is used.
This is not enough in 5G dense deployments (see 38.913 ‎[1])

Observation 4: The existing cel-specific CQI reporting is not suitable for coordination in the 5G dense deployments.
Using CQI in network graphs

Assuming that an UE will attach to each interfering cell and will evaluate the CQI in that cell, will this be useful for obtaining through a simple equation an estimation of the CQI to be experienced by UE with a linear combination of transmitting points and used powers? The answer is definitely NOT, as CQI does not carry any specific information on the path loss or interference amount and the CQI from multiple sources cannot be linearly combined, CQI being by definition a logarithmic metric.
Observation 5: CQI is not suitable to be used in network graphs, not carrying information on path loss or interference and lacking the property of linear combining.
Conclusion 1: CQI is not optimal for use by a central coordination function.
“Abstract” way for information in a network graph 
Given that a Central Coordinator function may not need all the details used by a local scheduler; it may be beneficial to provide reports which summarize the status of resource allocation, through so called “abstractions” of the mobile network status. Such abstractions, perceived also as PHY/MAC abstractions, may include the UP (User Plane) queues length in downlink and uplink, served network slices, etc.
At PHY layer, the abstracted network view may include the average and peak user throughput, total number of protected resources, summary of power use, etc.
However for interference coordination is still needed the detailed time/frequency/power resource utilization.

It is important to note that a central coordination function will cover a number of transmission points and UEs; with the increased density and much higher UE number the coordination computing effort may become a limiting factor, such that is important to present the information with details suitable to the hierarchical position of the coordination function.
Conclusion 2: The status of the mobile network shall be represented to a Central Coordinator, when possible, by a more condensed information, named “abstraction”.
Requirements for study
From the above discussion result the following item for study:
1. New measurements and reports suitable for the use of an improved coordination function, including a central coordination
Conclusion 3: It is needed to study as design target which measurements and reports are required by a central scheduling coordination function.
Conclusions
We have proposed to use network graphs for a more systematic representation of the wireless network. We found that the existing CQI reports or too detailed reports of the network status are not optimal for coordinating the wireless network.

We propose further work to study the implication of a central coordination function.
Observation 1: The network graphs represent a convenient mode for presenting the status of the mobile network.
Observation 2: The edges of a network graph connecting the UEs with the transmission points should reflect  the path loss of each node such to allow the estimation of the total interference experienced in DL by UE or in UL by base station.
Observation 3: The nodes in the network graphs can represent the information specific to a base station or transmission point or UE.
Observation 4: The existing cel-specific CQI reporting is not suitable for coordination in the 5G dense deployments.
Observation 5: CQI is not suitable to be used in network graphs, not carrying information on path loss or interference and lacking the property of linear combining.
Conclusion 1: CQI is not optimal for use by a central coordination function.

Conclusion 2: The status of the mobile network shall be represented to a Central Coordinator, when possible, by a more condensed information, named “abstraction”.
Conclusion 3: It is needed to study as design target which measurements and reports are required by a central scheduling coordination function.
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