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1.  Introduction
In RAN Plenary #36, it was agreed that the necessary eNB measurements shall be standardised in LTE. To progress this work, this paper presents a list of essential eNB measurements in order for the operator to monitor the performance of RAN. The co-sourcing companies believe that proper standardisation of these measurements are indispensable for the successful deployment of LTE.
2.  RAN performance monitoring
2.1  Objective
From the operator’s perspective, the objectives of monitoring the performance of RAN are to:
· Detect any problems in the network and trigger any subsequent actions to correct them;

· Analyse the revenue source (traffic) and the RAN efficiency;

· Plan for future investments to improve the network and services.
2.2  Description

The operator is responsible for providing good services through efficient use of scarce radio resources. The network must be cost effective and easy to maintain. The operator should be able to assess the efficiency of the network and analyse the revenue source (i.e., traffic), so that any future investments can be effectively planned to improve the network and services. While the details of individual network optimisation processes are left for specific use cases, this use case focuses on the fundamental aspect, i.e., the overall performance of RAN.
It is expected that a part of the network optimisation process, that can be achieved by remote parameter tuning, can rely on automatic processes, aka SON. Yet, some optimisation and enhancement processes would require manual intervention, such as to adjust mechanical directions of the eNB antennas or to introduce a new cell. Regardless whether such processes are done automatically or manually, it is obvious that information about the network performance needs to be obtained.
For example, if a certain cell is frequently experiencing congestion, this can be a good indication that capacity expansion is required. Congestion can be detected e.g., by monitoring the radio resource usage, average QoS experienced by users, or the number of rejected calls due to call admission control. If a certain cell is always underutilising the available radio resources, this can be an indication that coverage can be increased for this cell. Such cells can be detected, e.g., by monitoring the DL/UL PRB utilisation, total DL transmission power, or the number of RRC_CONNECTED UEs in the cell. If a group of cells are underutilised but experiencing high UL interference, it can be an indication that one of the cells are unnecessary. It is usually required that various measurements are jointly assessed, in order to comprehend the characteristics of a cell and consequently decide on what actions to take.
For better customer experience, any problems in the network must be detected and any subsequent actions to correct the problems need to be triggered. To minimise the impact of problems, subsequent actions must be taken immediately. For this, realtime monitoring of the network performance is necessary. Alarms can be displayed at the OAM centre, e.g., when the number of UEs experiencing unsatisfactory QoS exceeded above an allowable threshold, so that engineers can take immediate actions, e.g., trigger call admission control parameter tuning. It is required that performance indicators are reported to the central SON/OAM entity in the order of a minute.
To plan future enhancements to the network or to provision new services, the operator must analyse the traffic behaviours, and envisage traffic trends. Before introducing a new service, the operator needs to assess how much radio resources are likely to be consumed by the new service, and any impacts to the existing services’ capacity. The operator needs to decide what QoS parameters to set for the new services, and from capacity assessments, decide on the service pricing. For such processes to be effective, the operator should be able to study efficiency of the network depending on the QoS under various conditions. As such, it is necessary that the network performance, such as the total DL/UL throughput and resources consumed on average, are measured per QoS class, and compared for various parts of the network having different deployment conditions. Such analysis can also form a basis to plan in which parts of the network new cells or frequencies need to be introduced.
2.3  Required inputs

For this use case, RAN should provide the central SON/OAM entity the performance indicators, including:

· Traffic load conditions

· Radio resource utilisation

· Grade of service being provided

· Quality of service being provided

Concrete eNB measurements are listed in section 3. It is FFS whether any UE measurements are required for this purpose.
3. eNB measurements to be standardised
3.1  List of essential eNB measurements
The use case requires for example, the following eNB measurements to be standardised:
· L1 measurements:

· Relative total DL transmission power

· Total UL received power

· Total UL interference power

· L2 measurements:

· Total DL/UL throughput (per QoS class)
· DL/UL PRB utilisation (per QoS class)

· Average DL/UL QoS (e.g., throughput, packet delay, and packet undelivery rate, per QoS class)
· Number of UEs that experienced unsatisfactory QoS (per QoS class)
· Number of UEs having buffered data (queue length, per QoS class)

· L3 measurements:

· Number of RRC_CONNECTED UEs

· Number of mobile terminating/originating call requests
· Number of call establishment failures and rejects
· Number of dropped calls (detected radio link failures)

· Number of triggered and completed handovers

Of the above, L2 measurements, that fall under RAN2 responsibility, are discussed in 3.2. L1 measurements shall be discussed in RAN1, and L3 measurements can be discussed either in RAN2 or RAN3 (and are left for further work in either WGs).

3.2  L2 measurements
3.2.1  Total DL/UL throughput (per QoS class)
This is the total DL/UL throughput over the air interface, and is a fundamental and essential measure for monitoring RAN performance. It should be measured as the total amount of data conveyed in DL/UL within a certain time interval per QoS class. For DL it can either be the transmitted MAC PDU rate, acknowledged MAC PDU rate (after HARQ), or the acknowledged RLC PDU rate (in case of RLC-AM only). For UL it can either be the granted rate, received MAC PDU rate (after HARQ), or the received RLC PDU rate. Which one to adopt shall be decided in RAN2. The aggregate throughput per cell and per sharing operator.
3.2.2  DL/UL PRB utilisation (per QoS class)

This is the ratio (percentage) of the used PRBs over the available PRBs over a certain time interval, and is measured per cell for DL/UL. Any non-scheduled transmissions and retransmissions should be counted as used. Due to the scheduling principles of LTE, the PRB usage provides a good indication of the current traffic load in a cell. For GBR (guaranteed bit rate) traffic (or realtime traffic), the PRB usage provides precisely how congested a cell is. It can be argued that for non-GBR traffic (or best effort traffic), a single user can take up many PRBs if the cell is scarcely loaded, and consequently, this measure does not provide precisely the congestion level. Nevertheless, hypothetically, the amount of data a user wishes to transfer in total can be assumed independent of the throughput being provided. This would imply that the data can be transferred in a shorter time, if the cell is scarcely loaded, but does not impact significantly on the amount of PRBs the same user consumes. As such, it can be assumed that this measure also provides the congestion level also for non-GBR traffic to a certain extent. Due to different traffic behaviours, it would be meaningful to measure the PRB usage separately for GBR and non-GBR traffic. How to treat RACH resources and resources for L1/L2 dedicated feedback in the UL are FFS.

3.2.3  Average DL/UL QoS (e.g., throughput, packet delay, and packet undelivery rate, per QoS class)

This is the average DL/UL QoS measured per cell for each QoS class. The QoS can be measured in several different ways, e.g., throughput, packet delay (or RTT), and packet undelivery rate, and the meaningful measure depends on the type of QoS. For non-GBR (or best effort) traffic, the average throughput would be of the highest interest. The throughput should be derived as the amount of data conveyed in the DL/UL in a time interval, accounting only when pending data is present in the transmitter buffer (for UL, this can be estimated from the buffer status reports) so that “reading times” are omitted. For GBR traffic, the average packet delay and the packet undelivery rate would be more important. As such, the measurements can be made to be dependent on the type of QoS. Whether to measure at MAC, RLC or PDCP level should be discussed in RAN2.
3.2.4  Number of UEs that experienced unsatisfactory QoS (per QoS class)

This is the number (or can be the rate) of UEs that experienced unsatisfactory QoS, and is measured per cell for each QoS class. The definition of “unsatisfactory” QoS depends on the type of QoS. For non-GBR traffic, it can be the number of UEs that experienced a throughput smaller than a certain threshold, e.g., PBR. For GBR traffic, it can be based on the rate of undelivered packets (or the rate of packets that were not delivered within a due time). The exact definition should be discussed in RAN2 for different QoS types.
3.2.5  Number of UEs having buffered data (queue length, per QoS class)
This is the number of UEs having buffered data in the DL/UL. For the UL, this can be estimated from the buffer status reports. Since LTE is based on the data scheduling principle over a shared channel, the number of UEs (or radio bearers) having buffered data, or the queue length, is an important measure to monitor the congestion level as in any queueing system.
4.  Conclusions
As have been described in this paper, RAN performance monitoring is a responsible task of the operator to maintain and improve radio services. To support this, standardised eNB measurements is indispensable (remind e.g., [3] for rationale in general). The co-sourcing companies believe that a standardised comprehensive set of measurements will also benefit network vendors, as this will provide a fair ground for true performance competition among the vendors. Therefore, the co-sourcing companies request RAN2 to agree standardising the high level measurements listed in 3.1/3.2, and further study the details in the forthcoming meetings and by email in between.
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