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1. Introduction

In previous RAN3 meeting (RAN3 #63 bis), we discussed and got agreement on the requirement and scope for Coverage and Capacity Optimisation from high level, which were written in R3-090963 [1]. After this meeting, through e-mail discussion, a draft CR to 36.902 was formed [2]. Going into further, the overall solution will be expected to be discussed in this meeting.  From the top level, we expect to illustrate the solution from more general point of view. Then functionality will be derived and input/output parameters will be gotten from that. 
2. General CCO solution
Similar with other use cases, the general steps for Coverage Optimization (CO): 
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                               Figure 1 general steps for Coverage Optimisation

Firstly, problems impacted to coverage should be detected, then SON server will run coverage optimisation algorithm to make adjustment decisions, i.e. deciding to take which actions or which parameters should be adjusted or optimized. Finally, the involved entities should execute the adjustment actions.
As making adjustment decisions is executed by coverage optimisation algorithm within an entity or entities, which is mainly implementation issue. We skip it in this paper. Hence, derivation of functions for CCO is based on coverage problems detection and taking adjustment actions.
3. Coverage problem detection 
The purpose of CCO is to solve the coverage problems to improve the whole network performance. The first step of coverage optimisation should be to detect the coverage related problems, which will bring negative or even serious impact on the performance of the network. Therefore, the first function derived for CCO is to do coverage problem detection. As the methods of different coverage problems detection depends on different problems and UL/DL coverage optimization, we illustrate the function of coverage problem detection based on different problems, DL coverage optimization, UL coverage optimization, match of UL and DL coverage and trade-off between coverage and capacity as follows.
(1). Detection of coverage hole

Coverage hole is very common, but serious problems in Coverage Optimization. When UE is entering a coverage hole, a certain kind of failure will happen determinately, e.g. RLF failure, HO failure, call drop, cell search/research failure, etc. The network can collect the numbers of all kinds of failure in a certain cell. When the statistical failure numbers reach a certain threshold, the network can determine coverage hole has been detected. 
However, the network has no idea to know the location of this coverage hole. If UE has the capability of any satellite telecommunication, e.g. GPS, it’s preferred for UE to initiate positioning immediately after failure to achieve the location of failure than other network based positioning methods (e.g. OTDOA, AOA, etc.), which maybe can not work when UE entering the coverage hole. 
While UE has no capability of any satellite telecommunication, e.g. GPS, UE or network can initiate network based positioning methods just after recovering from the failure and get the recovering point. Based on all the recovering points or/and failure points, network can estimate the coverage hole also.
(2). DL coverage optimisation

In DL coverage optimisation, the first step is aslo to detect the problems impacted on DL coverage. To do that, we have to look at DL channels firstly. The DL channels (signal) include DL Synchronization Signal (SS), RS (Reference Signal), BCH(Broadcast Channel), PDSCH(Physical Downlink Shared Channel), PDCCH(Physical Downlink Control Channel), in which PDSCH and PDCCH have a fixed power offset with RS. It’s unnecessary for PDSCH and PDCCH to do coverage optimisation seperately. Additionaly, as DL SS is used to acquire fequency and symbol synchronization, frame timing of cell, the demoduation threshold is very low and the interference to others is not abvious. It is common that it uses max transmitter power and it’s unnecessary for DL SS to do optimisation. Hence, from the prespective of derivation of function , DL coverage optimisation include RS optimisation and BCH optimisation.
a) Detection of weak coverage 

For RS optimisation, the network should have the function to detect the weak coverage of RS channel.

For BCH optimisation, the network should have the function to detect the weak coverage of BCH channel.

The detailed solution for detection of the weak coverage for RS channel or BCH channel is FFS.
b) Detection of excessive coverage

For RS optimisation, the network should have the function to detect the excessive coverage of RS channel.

For BCH optimisation, the network should have the function to detect the excessive coverage of BCH channel.

The detailed solution for detection of excessive coverage for RS channel or BCH channel is FFS.

(3). UL coverage optimisation

The same with DL coverage optimisation, the problem detection in UL coverage optimisation depends on different UL channels. UL channels include PUSCH, PUCCH, PRACH, SRS, in which PRACH is out of scope of CCO. In addition, PUSCH has a fixed offset with SRS, which means that it’s unnecessary for PUSCH to do UL coverage optimisation solely. Therefore, the functions for UL coverage optimisation can be derived from PUCCH coverage optimisation and SRS coverage optimisation. The eNB should have the function to measure the power of SRS to detect the problems in UL coverage.
(4). Detection of mismatch between UL coverage and DL coverage
The network should have the function of detecting the mismatch between UL coverage and DL coverage with the aid of UE. And then network should have the function to diagnose this problem is caused by uplink limited or downlink limited. eNB should have the function to measure the power of SRS to detect this problem. 
(5). Trade-off between coverage and capacity 

The network should have the function to detect the problems about coverage-limited or capacity-limited to achieve the trade-off between coverage and capacity. Network should have the function of collecting UEs’ PHR and the throughput of users at the cell edge. 
When the QoS can not be guaranteed in terms of throughput at the cell edge for the UEs, and the network detects that UEs’ PHR(Power Headroom Report) is too low, which means that UEs have no much left power, it can be thought as coverage limited scenario happens. 
The network should have the function of collecting the required throughput, the real throughput and UEs’ PHR, when the required throughput is beyond a target, or the required throughput is greater than the real throughput highly, or/and UEs’ PHR is too high, network will think that capacity-limited has been detected. 
Generally, to solve the coverage-limited and capacity-limited to achieve the trade-off between coverage and capacity, the IoT(Interference over Thermal) is adjusted to balance the capacity and coverage. Adjusting handover or cell selection/reselection parameters (reselection priority) is available also to solve capacity-limit scenario, mainly avoiding more UEs handover or selecting/reselecting into this cell.
4. Coverage optimization action 
Besides coverage problem detection, another function for CCO is coverage optimisation action, which means what kinds of actions should be taken to do coverage optimisation through SON. 

Although power, users’ cell edge throughput requirement, antenna arrays, antenna tilt and azimuth, system physical frame structure, modulation and coding methods and many other factors have the impact  on the system coverage, generally only power and antenna tilt can be easily adjusted or optimised through SON. 
1)Power adjustment 
Generally speaking, the power is the most direct and most important adjustment factor among all factors impacted on coverage. As different channels have different demodulation threshold or different service requirement, we propose to do power adjustment based on different channels.

The power adjustment of UL channels mainly replies on the power control. The power control formula of PUSCH,PUCCH and SRS  as follows: 
(a)  PUSCH power control
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(b)  PUCCH power control                                                                                                                       
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(c) SRS power control
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The meaning of paramerters in above formula please refer to 36.213 [4]; From the above formula, we can conclude that the cell specific parameters are 
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, etc, i.e. the power parameters should be adjusted by the function of SON include 
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 at least. 
In the downlink, as PDSCH and PDCCH have a fixed power offset with RS, the DL optimization for DL channles are mainly to adjust RS power, i.e, RS EPRE(Engegy Per Resource Element), BCH power and cell specific parameter, including PA, PB [4],etc.
To sum up, when taking a action to adjust the power, for different channel, the parameters should be adjusted as follows: 
Table 1  Optimised Power Parameters in power adjustment
	Direction
	Channels
	Optimised Power Parameters/Output parameters

	Uplink
	SRS, PUCCH
	 
[image: image13.wmf]SRS_OFFSET

P

, 
[image: image14.wmf] PUCCH

O_NOMINAL_

P

, etc.

	Downlink
	BCH,  RS and DSCH
	RS EPRE, BCH Power, PA,PB, etc.


The Optimised Power Parameters in the above are the candidate parameters when taking the power adjustment actions, which should be as the output parameters for this use case. When detecting the problems of weak coverage and excessive coverage, we propose the highest priority is to adjust the power for this channel. The general principle is to increase the power to overcome the weak coverage and decrease the power to overcome the excessive coverage.
2) Antenna tilt and azimuth adjustment

Another action SON entities can take is to adjust antenna tilt and azimuth, in which only tilt can be adjusted automatically at present, with the improvement of manufacture technology of antenna, we will predict that in the near future, azimuth can also be adjusted through SON. The general principle of antenna tilt adjustment is to increase the tilt to reduce the coverage as figure 5 to conquer the excessive coverage, and decrease the tilt to expend the coverage to conquer the weak of coverage.


[image: image15]
Figure 5  tilt adjustment illustration
 Additionally, when a new eNB powers on, its neighbour cell can adjust its tilt to decrease the overlap to minimize the interference for this new eNB to its neighbour and keep a reasonable overlap area for the sake of handover. Reversely, when a new eNB is down, its neighbour can adjust its tilt to cover the area as many as possible to minimize the coverage hole as less as possible. 
In conclusion, antenna tilt and azimuth can be adjusted with the coordination between cells if manufacture craft permitted through SON to solve the detecting coverage problems in a certain degree to improve the performance of the network. 
5. Conclusion
In a summary, our proposal as follows:
The derivation of functions for coverage optimization as follows:

1. Coverage problems detection;

1) Detection of coverage hole;

2) DL coverage optimization: 

i. Detection of weak coverage (RS, BCH);

ii. Detection of excessive coverage (RS, BCH);

3) UL coverage optimization: 

Detection of PUCCH and SRS coverage problems
4) Detection of mismatch between UL coverage and DL coverage

Detection of uplink-limited or downlink-limited
5) Trade-off between  coverage and capacity

Detecting coverage-limited or capacity-limited
2. Coverage optimisation actions

1) Power adjustment

i. UL power adjustment (
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ii. DL power adjustment (RS EPRE, BCH Power, PA,PB, etc.)

2) Antenna tilt and azimuth adjustment

i. Adjustment serving cell or neighbour cells’ tilt if permitted 
ii. Adjustment serving cell or neighbour cells’ azimuth if permitted
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. 
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 optimization. 

4.1.2
Required functionality

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

4.1.2.1 
Detection of unintended holes in the coverage (planned by the operator and technically feasible)
Network should have the function of collecting the information of all kinds of failures, e.g. RLF failure, HO failure, call drop, cell search/research failure, etc., in which include the failure’s UE ID, Cell ID, timestamp and other information about the failures.
 If UE have the capability of satellite telecommunication, e.g. GPS, which still can work even if air interface failure happens in the coverage hole, it’s preferred for UE to obtain the location of failure through initiation of telecommunication system (GPS,etc) than network-based positioning (OTDOA,AOA,etc) immediately after failure as far as UE is power on and report failure related information, including location to the network after recovering . Network can achieve the point, at which failure happens, called failure point. Using all the failure points in a certain cell, network can estimate the area of coverage hole.
While UE has no the capability of any satellite telecommunication, e.g. GPS, it’s preferred that UE or network can initiate network based positioning methods just after recovering from the failure and get the recovering point. Based on all the recovering points or/and failure points, network can estimate the coverage hole also.
4.1.2.2 DL channel coverage optimisation

DL coverage optimisation include RS optimisation and BCH optimisation.
1) Detection of weak coverage 

For RS optimisation, the network should have the function to detect the weak coverage of RS channel.

For BCH optimisation, the network should have the function to detect the weak coverage of BCH channel.

The detail solution for detection of weak coverage for RS channel or BCH channel is FFS. 

2) Detection of excessive coverage

For RS optimisation, the network should have the function to detect the excessive coverage of RS channel.

For BCH optimisation, the network should have the function to detect the excessive coverage of BCH channel.

The detail solution for detection of excessive coverage for RS channel or BCH channel is FFS.
4.1.2.3 UL channel coverage optimisation

The Ssame with DL coverage optimisation, the problem detection in UL coverage optimisation depends on different UL channels. UL channels include PUSCH, PUCCH, PRACH, SRS, in which PRACH is out of scope of CCO. In addition, PUSCH has a fixed offset with SRS, which means that it’s unnecessary for PUSCH to do UL coverage optimisation solely. Therefore, the functions for UL coverage optimisation can be derived PUCCH coverage optimisation and SRS coverage optimisation. The eNB should have the function to measure the power of SRS to detect the problems in UL coverage.
4.1.2.4 Detection of mismatch UL and DL channel coverage match
The Nnetwork should have the function of detecting the mismatch between UL coverage and DL coverage with the aid of UE. And then network should have the function to diagnose this problem is caused by uplink limited or downlink limited. eNB should have the function to measure the power of SRS to detect this problem.
4.1.2.5 Ability to balance the trade-off between coverage and capacity
The network should have the function to detect the problems about coverage-limit or c capacity-limit to achieve the trade-off between coverage and capacity. Network should have the function of collecting UEs’ PHR and the throughput of users at the cell edge. When network detects that UEs’ PHR(Power Headroom Report) is too low, which means that UEs have no much left power, and/or the throughput of users at the cell edge is below the target, network think the coverage-limit has been detected. Network should have the function of the required throughput, the real throughput and UEs’ PHR, when the required throughput is beyond a target, or the real throughput greatly, or/and UEs’ PHR is too high, network will think that capacity-limit has been detected.
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
The solution of Coverage Optimisation as follows:
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                               Figure 1xx gGeneral steps for Coverage Optimisation

Firstly, problems impacted to coverage should be detected, then SON serverentity will run coverage optimisation algorithm to make adjustment decisions, i.e. deciding to take to decide which actions or which parameters should be adjusted or optimized. Finally, the involved entities should execute the adjustment actions.

4.1.5.1
Input data, definition of Measurements or Performance data
The following parameters can be input data to detect coverage related problems, make proper adjustment or take suitable actions: 

1. failure information( including location information if UE support GPS):

     - RLF;

- HO failure events;

- Call drop events;

- Cell search/research failure events;
- Numbers or rate of call drops;

Etc.

2. Recovery after failure information( including location information if UE has the capability of network based positioning (OTDOA, AOA,etc)): 

   - Recovery after RLF (In RRC layer, upon receiving N311 consecutive “in-sync” indications from lower layers while T310 is running);

- cell search/ research success after failure;

Etc.

3. Antenna parameters:

 - serving cell’s azimuth;

- serving cell’s tilt;

- neighbor cells’ azimuth;

- neighbor cells’ tilt;

4.Performance parameter

- required throughput of a certain cell

- real throughput of a certain cell  

- throughput of users at the cell edge
5. power information
-Interference and receive power of uplink channels.

-Interference and receive power of  downlink RS.

-PHR of cell-edge users.
Etc.

4.1.5.2
Output, influenced entities and parameter
The adjustable parameters to achieve Coverage and Capacity Optimisation focus on power and antenna related parameters.

1. Power rated parameters

 -  UL cell specific power parameters : (
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-  DL power allocation parameters (RS EPRE, BCH Power, PA,PB, etc.)

-  Uplink IoT threshold;

2. Antenna related Parameters

- azimuth;

- tilt;

3. Mobility related parameters

- handover related parameters

- cell selection/reselection parameters (Reselection priorities)
4.1.5.3
Impacted specifications, procedure interactions and interfaces
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