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Introduction

In [4] we address the scope of Coverage and Capacity Optimization (CCO) and proposed

· next steps to be further elaborated within SA5, 

· definitions of coverage, and 

· one additional scenario to be handled by CCO

No common ground could be reached regarding definitions of coverage during the last SA5-meeting. In this contribution we present our view on CCO at a high-level with the aim at filling in some gaps that were identified during the previous meeting and propose a way forward for CCO. Section 4 presents the high-level view on CCO and Section 5 presents the proposed next step which is the formulation of targets for CCO.
4
High-Level View

The overview of the envisioned CCO functionality is given in Figure 1. 
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Figure 1 Overview of CCO functionality
The Operator specifies Target in terms of desired performance or how to balance between different targets in case there are tradeoffs. The Target is then fed into the CCO functions which may be in the eNB, DM, or NMS. 
Measurements and reports from the eNB and UEs are collected in the CCO observer which estimates entities related to coverage and capacity according to the Target given by the operator. Potential use of information may originate from several source, for example Minimization of Drive Test (MDT) reports [5]. The MDT reports  can reveal coverage problems and in addition location of coverage holes. Measurements are then fed into the CCO Observer, which estimate the Target (e.g., “coverage” and “capacity”). The CCO Observer can react on individual users and their performance, however, the CCO Estimate and the Target should be based on statistics, taking into account the performance of a set of users.

The output from the CCO Observer is then fed into the CCO Optimizer, which takes appropriate CCO Actions in order to meet the Target. CCO Actions constitute changes in radio parameters, for example antenna tilt and UL power control parameters. The parameters changed depends on the vendor specific implementation. The CCO Optimizer should not react to performance of individual users, but rather compute appropriate CCO Actions based on long-term statistics.

The CCO function may report on the progress of meeting the Target to the Operator and in cases the Target cannot be met, this should be signalled to the Operator, which can then take actions on revising the Target or deploying coverage/capacity enhancing features and nodes, e.g. relay nodes and higher-order MIMO.

The CCO function is an continuously running process, which continuously gathers measurements and takes actions if needed. This is essential since the environment is changing continuously albeit slowly, e.g., user distribution changes. This calls for an continously running CCO function. The CCO function should work in a rather long time-scale in the order of days/weeks to capture and react to long-term changes in physical environment, load imbalance, and UL/DL mismatch. To this end, enough data shall be collected for accurate observation/estimate of CCO performance. It is FFS to see whether CCO can work on the time-scale of hours, e.g. to follow variations in load throughout a day. At this point, the performance gain with a faster CCO function is not clear and feasibility depends very much on amount of gathered data in order to take actions with high confidence. 

Proposal 1: The high-level view to be captured in 32.521, Section 5.4.3.
5
Targets
An important issue is how to define the Target to be fed into the CCO function. In this section we focus on Coverage only. Definition of Capacity if FFS.
TS 32.521 gives an overview of the CCO use case at a high level, including a set of business level requirements [3] (see Annex A). These requirements are specified at a high-level and do not reveal the details regarding the Target (fed into CCO). The work performed within Minimization of Drive Tests (MDT) [5] provides yet another view of CCO including different use cases for CCO (see Annex B). Further, RAN3 has developed a complementary set of Targets for CCO [1] which focus more on the function of CCO and less on its management (see Annex C). 

Regarding Coverage there are several inherent definitions that need attention. First we need to define what a covered user is. Second we need to understand how to aggregate coverage of several users into a Coverage metric.

There are several definitions of what a covered user is. A user is covered if DL received signal strength (e.g. RSRP) and/or quality (in terms of, e.g., RSRQ) of the serving cell is greater than a threshold, where the threshold is set according to the level needed to maintain a certain characteristic. We suggest two definition proposals:
Definition Proposal 1: A user is covered if the DL received signal strength (e.g. RSRP) and/or quality (in terms of, e.g., RSRQ) of the serving cell is greater than a threshold needed to maintain a basic service, i.e., the user is able to synchronize with the cell, read broadcast information, and setup a signaling radio bearer (needed for establishing additional “service” bearers); this maps to “Coverage hole” in the MDT use case (see Annex B)
Definition Proposal 2: A user is covered if the DL received signal strength (e.g. RSRP) and/or quality (in terms of, e.g., RSRQ) of the serving cell is greater than a threshold needed to maintain a planned DL and UL performance requirement for certain kinds of services; this maps to “Weak coverage” in the MDT use case (see Annex B)
Note that both definitions above fit within the MDT coverage-related use cases. In one sense the second definition of Coverage is more difficult to handle since this is also related to the load in the base station. As such, the first case is easier to specify and take actions on. 

Proposal 2: SA5 to discuss the relevance and suitability of the above-mentioned definitions of covered user.

Another key question is whether Coverage should be defined over the surface or over the subscribers, calculated over an area of interest. For example, the operator wants to provide coverage over 95% of the intended area or 95% of the subscribers. Note the usage of "intended" as we need to limit the scope of the area on which the notion of coverage is defined in order not include areas outside the planned network. 
Proposal 3: SA5 to discuss whether Coverage should be defined over the surface or over the population.

5
Detailed proposal

It is proposed that Proposal 1 (in section 4) to be intserted in 32.521, Section 5.4.3.

Further, it is proposed that SA5 to discuss the relevance and suitability of the following definitions of covered user:
Definition Proposal 1: A user is covered if the DL received signal strength (e.g. RSRP) and/or quality (in terms of, e.g., RSRQ) of the serving cell is greater than a threshold needed to maintain a basic service, i.e., the user is able to synchronize with the cell, read broadcast information, and setup a signaling radio bearer (needed for establishing additional “service” bearers), or

Definition Proposal 2: A user is covered if the DL received signal strength (e.g. RSRP) and/or quality (in terms of, e.g., RSRQ) of the serving cell is greater than a threshold needed to maintain a planned DL and UL performance requirement for certain kinds of services
Further, it is proposed that SA5 to discuss whether Coverage should be defined over the surface or over the population.
Annex A (informative): 3GPP TS 32.521

TS 32.521 gives an overview of the CCO Use Case at a high level, including a set of Business Level requirements [4]:

· REQ-SO_CC-CON-1 Coverage and capacity optimization shall be performed with minimal human intervention.

· REQ-SO_CC-CON-2 Operator shall be able to configure the objectives and targets for the coverage and capacity optimisation function. 

· REQ-SO_CC-CON-3 Operator shall be able to configure the objectives and targets for the coverage and capacity optimisation functions differently for different areas of the network.
· REQ-SO_CC-CON-4 The collection of data used as input into the coverage and capacity optimisation function shall be automated to the maximum extent possible and shall require minimum possible amount of dedicated resources.
· REQ-SO_CC-CON-5 The following scenarios shall be considered in capacity and coverage optimization.

1. E-UTRAN Coverage holes with 2G/3G coverage

2. E-UTRAN Coverage holes without any other radio coverage

3. E-UTRAN Coverage holes with isolated island cell coverage
4. E-UTRAN cells with too large coverage

· REQ-SO_CC-CON-6 The IRPAgent shall provide a capability allowing the IRPManager to manage tradeoffs between coverage and capacity using policies.
as well as  one Specification Level requirement:

· REQ-SO_CC-FUN-1 Performance measurements with geographical binning may be used as inputs into the coverage and capacity optimisation function.
Annex B (informative): MDT use cases

The following is taken from [3]:

The MDT data reported from UEs may be used to monitor and detect coverage problems in the network. Some examples of use cases of coverage problem monitoring and detection are described in the following:
· Coverage hole: A coverage hole is an area where the signal level SNR (or SINR) of both serving and allowed neighbor cells is below the level needed to maintain basic service (SRB & DL common channels), i.e. coverage of PDCCH. Coverage holes are usually caused by physical obstructions such as new buildings, hills, or by unsuitable antenna parameters, or just inadequate RF planning. UE in coverage hole will suffer from call drop and radio link failure. Multi-band and/or Multi-RAT UEs may go to other network layer instead. 
· Weak coverage: Weak coverage occurs when the signal level SNR (or SINR) of serving cell is below the level needed to maintain a planned performance requirement (e.g. cell edge bit-rate).
· Pilot Pollution: In areas where coverage of different cells overlap a lot, interference levels are high, power levels are high, energy consumption is high and cell performance may be low. This problem phenomenon has been called “pilot pollution”, and the problem can be addressed by reducing coverage of cells. Typically in this situation UEs may experience high SNR to more than one cell and high interference levels. 
· Overshoot coverage: Overshoot occurs when coverage of a cell reaches far beyond what is planned. It can occur as an “island” of coverage in the interior of another cell, which may not be a direct neighbor. Reasons for overshoot may be reflections in buildings or across open water, lakes etc. UEs in this area may suffer call drops or high interference. Possible actions to improve the situation include changing the coverage of certain cells and mobility blacklisting of certain cells. 
· Coverage mapping: There should be knowledge about the signal levels in the cell areas in order to get a complete view for the coverage and be able to assess the signal levels that can be provided in the network. This means that there should be measurements collected in all parts of the network, and not just in the areas where there are potential coverage issues.

· UL coverage: Poor UL coverage might impact user experience in terms of call setup failure / call drop / poor UL voice quality. Therefore, coverage should be balanced between uplink and downlink connections. Possible UL coverage optimization comprises adapting the cellular coverage by changing the site configuration (antennas) but also about adjusting the UL related parameters in the way that they allow optimized usage of UL powers in different environments.  
Annex C (informative): 3GPP TR 36.902 
4.1
Coverage and capacity optimization

A typical operational task is to optimize the network according to coverage and capacity. Planning tools support this task based on theoretical models but for both problems measurements must be derived in the network. Call drop rates give a first indication for areas with insufficient coverage, traffic counters identify capacity problems.
4.1.1
Use Case description

The use case will have two main objectives:

Providing optimal coverage

This objective requires that in the area, where LTE system is offered, users can establish and maintain connections with acceptable or default service quality, according to operator’s requirements. It implies therefore that the coverage is continuous and users are unaware of cell borders. The coverage must be therefore provided in both, idle and active mode for both, UL and DL.

Providing optimal capacity 
While coverage optimization has higher priority than capacity optimization in Rel-9, the coverage optimization algorithms must take the impact on capacity into account. Since coverage and capacity are linked, a trade-off between the two of them may also be a subject of optimisation. 
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