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1. Introduction

Coverage related problems will bring negative or even serious impact to the performance of the network. It’s well known that when coverage hole occurs in the network, any user entering this area will lose any connection with the network, which will deteriorate user’s experience and bring great complain to the operators. It’s very important to provide continuous and good quality coverage. 
It’s well known that the purpose of SON is to solve the detected problems automatically by the network to improve the performance of the whole network. For example, MRO is used to solve mobility related problems, i.e. too early, too late and HO to wrong cell and MLB is used to solve the problem of load imbalance, etc. In previous RAN3 meeting (RAN3#63bis),  for other use cases, e.g. MRO use case, mobility related problems [3] have been classified and defined, while agreement on Coverage and Capacity Optimization was the requirement and scope of the use case written in R3-090963 [1]，which was at a rather higher level. Going into further, here we propose to classify and define coverage related problems as further work on requirement for CCO. 
2. Coverage problems 
Coverage Optimization should work based on operators’ requirements for different deployment scenarios, e.g. continuous coverage, hot spot coverage, etc. If discontinuous coverage is required by operator, CCO should not conflict with operator’s policy. In this contribution, the coverage problems to be solved by Coverage Optimization aim at continuous coverage.
The first step of coverage optimisation should be to detect coverage related problems, which will bring negative or even serious impact to the performance of the network. 
Although in [1] and [2], two kinds of coverage related problems (coverage hole and reference signal pollution) have been mentioned, it can not cover all the problems in UL coverage and DL coverage optimization. Here, we propose to classify and define the coverage related problems to be detected and solved in CCO as follows:

(1). Coverage hole 
Coverage hole is a very common, but serious problem for coverage. Even though it is a continuous coverage in the initial network deployment, when constructing a new building, it has great possibility that a coverage hole will occur in the area behind it. We illustrate this problem in the following figure in [4]. 
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Figure 1.  Coverage hole 

Additionally, when a serving cell is down, the area covered by this cell will result in a coverage hole.

(2). Problems in DL coverage optimization

DL coverage optimization is in the scope of CCO [1] [2]. In DL coverage optimization, we proposed two kinds of problems should be detected and solved:
a) Weak Coverage 
Coverage hole is an extreme serious problem. As fast fading, shadowing and others factors cause radio channel quality deteriorating greatly, when UE enters into the coverage hole, it can not demodulate RS(Reference Signal), can not camp on the network, can not initiate any service, in a word, has no connection to the network at all.
Better than that, sometime it may happen that the UE can demodulate RS, but can not read BCH, which indicates that the BCH coverage is weak. For easy understanding, we illustrate this problem as follows:
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Figure 2 Weak coverage 
Additionally, the weak coverage is in allusion to a certain channel, while coverage hole is not. In the area of coverage hole, all of the channels can not work normally. 
b) Excessive Coverage 
On the contrary of Weak Coverage, sometime, the coverage becomes excessive, which is indicated in the following figure:
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Figure 3  Excessive Coverage
We call this problem as Excessive Coverage. When a cell is in the case of excessive coverage, it will bring interference among different cells and different channels, e.g. RS, BCH etc. Excessive coverage is to allusion to a certain channel also. Actually, the reference signal pollution in LTE system is Excessive Coverage for RS channel.  
The concrete methods of above problems detection depend on different channels, which are expected to be discussed in detail further. 
 (3). Problems in UL coverage optimization

Different from DL, the power of UL channel is per UE specific, most of UL power problems can be solved by UL power control functions. However, in principal, UL power control can only adjust UE specific power parameters, not cell specific power parameters, in which unsuitable parameters setting will cause that a certain UL channel’s power is too high, or a certain UL channel’s power is too low. E.g., SRS is normal, while PUCCH is very low, which will result in that network fails to demodulate PUCCH, consequently, the network doesn’t know whether the DL transport block(s) was successfully received or not, and it will bring confusion for network to do DL channel-dependent scheduling and allocate the resource to transmit the following uplink data, finally leading to failure of service initiation. The UL coverage optimization in SON is expected to solve the problems of unsuitable cell specific parameters setting.
(4). Problems in DL and UL channel coverage mismatch
Mismatch between DL and UL channel coverage is another problem in the coverage optimisation. Due to many factors, e.g. power control, the scenario will appear that UL coverage is much less than that of DL. In this scenario, the users at the edge of the cell can receive and demodulate the DL signal from eNB successfully, but fail to access to the system. We illustrate this problem as the following figure, when the UE maintains a call or session during moving from the white area to the green area, where has no UL coverage, but DL coverage, it will lead to the call drop.  This problem is expected to be solved through SON.
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Figure 4  UL and DL Coverage  mismatch

(5). Trade-off between coverage and capacity
In principal, coverage conflicts with capacity. A contribution [5] explained the relationship between the coverage and capacity. Different scenarios have different requirements on coverage and capacity. E.g., in hotpot of the urban area,usually, it requires the capacity as high as possible in spite of  surplus coverage, and it’s very common that in this scenaio, with the increasing of the number of users and the rate of services, the capacity reach the max capacity threthold firstly, which will cause the decrease of service quality; and this scenario is referred to capacity-limited scenario. 
While  in rural area,it requires the coverage as large-scale as possibile with left capacity, usually, and it will occur that coverage is not enough firstly, refered to coverage-limited.
How to detect the capcity limited scenario or coverage-limit scenario and get the trade-off between coverage and capacity to adopt different scenarios to achieve the best performance of the whole network is a problem expected to be solved in Coverage and Capacity Optimisation use case.
5. Conclusion
In a summary, our proposal as follows:
Proposal 1: weak coverage and excessive coverage are main problems to be detected and solved in the DL coverage optimization;
Proposal 2:  Problems solved by DL coverage optimisation and UL coverage optimisation should differentiate certain channels. 
Proposal 3:  UL coverage optimization aim to solve the problems of unsuitable cell specific parameters setting. 
Proposal 4: trade-off between coverage and capacity should aim to solve the problems of Coverage-limit or capacity-limit. 
6.text proposal to 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. 
Coverage and capacity optimization should work based on operators’ requirements for different deployment scenarios, e.g. continuous coverage, hot spot coverage, etc. If discontinuous coverage is required by operator, CCO should not conflict with operator’s policy.
4.1.1
Use Case description

Coverage related problems will deteriorate the users’ experience greatly and bring negative or even serious impact to the performance of the whole network. The following problems should be solved by Coverage Optimization through SON:
(1). Coverage hole 

Coverage hole is a very common, but serious problem for coverage. Even though it is a continuous coverage in the initial network deployment, when constructing a new building, it has great possibility that a coverage hole will occur in the area behind it, as the following figure: 
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Figure xx.  Coverage hole 

In additionally, when a serving cell is down, the area covered by this cell will result in a coverage hole.

(2). Problems in DL coverage optimization

In DL coverage optimization, two kinds of problems should be detected and solved:

a) Weak Coverage 

Coverage hole is an extreme serious problem. As fast fading, shadowing and others factors cause radio channel quality deteriorating greatly, when UE enters into the coverage hole, it can not demodulate RS(Reference Signal), can not camp on the network, can not initiate any service, in a word, has no connection to the network at all.

Better than that, sometime, it can happen that UE can demodulate RS, but can not read BCH, which indicates that the BCH coverage is weak, illustrated as follows:
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Figure xx Weak coverage 
Additionally, the weak coverage is in allusion to a certain channel, while coverage hole is not. In the area of coverage hole, all of the channels can not work normally. 

b) Excessive Coverage 

On the contrary of Weak Coverage, sometime, the coverage becomes excessive, which is indicated in the following figure:
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Figure xx  Excessive Coverage
This problem is referred to as Excessive Coverage. When a cell is in the case of excessive coverage, it will bring interference among different cells and different channels, e.g. RS, BCH etc. Excessive coverage is to allusion to a certain channel also. Actually, the reference signal pollution in LTE system is Excessive Coverage for RS channel.  

The concrete methods of above problems detection depends on different channels. 

 (3). Problems in UL coverage optimization

Different from DL, the power of UL channel is per UE specific, most of UL power problems can be corrected by UL power control functions. However, in principal, UL power control can only adjust UE specific parameters, not cell specific power parameters, in which unsuitable parameters setting will cause that a certain UL channel’s power is too high, or a certain UL channel’s power’s is too low. The UL coverage optimization in SON is expected to solve the problems of unsuitable cell specific parameters setting.

(4). Problems in DL and UL channel coverage mismatch

Mismatch between DL and UL channel coverage is another problem in the coverage optimisation. Due to many factors, e.g. power control, the scenario will appear that UL coverage is much less than that of DL. In this scenario, the users at the edge of the cell can receive and demodulate the DL signal from eNB successfully, but fail to access to the system.This problem is illustrated as the following figure, when the UE maintains a call or session during moving from the white area to the green area, where has no UL coverage, but DL coverage, it will lead to the call drop.  This problem is expected to be solved through SON.
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Figure xx  UL and DL Coverage  mismatch

(5). Trade-off between coverage and capacity

In principal, coverage conflicts with capacity. A contribution [5] explained the relationship between the coverage and capacity. Different scenarios have different requirements on coverage and capacity. E.g., in hotpot of the urban area,usually, it requires the capacity as high as possible in spite of  surplus coverage, and it’s very common that in this scenaio, with the increasing of the number of users and the rate of services, the capacity reach the max capacity threthold firstly, which will cause the decrease of service quality; and this scenario is referred to capacity-limited scenario. 
While in rural area,it requires the coverage as large-scale as possibile with left capacity, usually, and it will occur that coverage is not enough firstly, refered to coverage-limited. 
How to detect the capcity limited scenario or coverage-limit scenario and get the trade-off between coverage and capacity to adopt different scenarios to achieve the best performance of the whole network is a problem expected to be solved in Coverage and Capacity Optimisation use case.
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 optimization. 

4.1.2
Required functionality

To achieve the above objectives, following functionalities have to be implemented:


Detection of unintended holes in the coverage (planned by the operator and technically feasible)

Coverage optimisation, including:
DL channel coverage
UL channel coverage
DL and UL channel coverage match

Ability to balance the trade-off between coverage and capacity

Reference signal pollution optimisation
4.1.3
Evaluation scenarios and expected results

The selected solution, besides fulfilling the requirements, is likely to result in: 


Continuous, optimized and matched UL and DL coverage

Optimised DL and UL capacity of the system 

Balanced tradeoff between coverage and capacity


Interference reduction


Controlled cell edge performance


Minimized human intervention in network management and optimization tasks

Energy savings
4.1.4
O&M requirements for radio related functions

4.1.5
Solution Description
4.1.5.1
Input data, definition of Measurements or Performance data
4.1.5.2
Output, influenced entities and parameter
4.1.5.3
Impacted specifications, procedure interactions and interfaces
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