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1 Introduction
A SON use case for Coverage and Capacity optimization has been presented in [1]. The objective with this use case is to optimize radio network parameters such as TX power, antenna downtilt and pilot power offset to improve performance in terms of increased coverage, cell-edge bitrate and total cell throughput. In this contribution a possible solution for this use case is outlined.
2 Solution outline
In order to adjust radio network parameters affecting the coverage area of each cell a predictive tool is needed. The main reason for this is that there are endless combinations of parameter settings and it would not be feasible to try to adjust these parameters towards an optimisation target in a live network. Also, since the coverage of the system is essential, it is beneficial to avoid using parameter settings that create coverage holes.

In Figure 1 the coverage and capacity optimization flow is illustrated. One of the core functions in the optimization engine is the System Performance Prediction function. This is based on a system model describing the topology of the system, including site locations, antenna configurations, pathloss models and user distribution models. We suggest that these pathloss and user distribution models are updated based on measurements from the live network. 

[image: image1.wmf] 

Predict

 

 

s

ystem 

p

erformance 

 

Update 

 

s

ystem

 

m

odel

 

Set 

p

arameters

 

in the n

etwork

 

Find new

 

 s

ystem 

p

aram

e

ters 

 

O&M

 

eNodeB

 


Figure 1: Coverage and capacity optimization
In order for the optimization engine to generate valid results, the pathloss and user distribution models needs to be correct and up-to-date. Traditionally this is achieved by first planning the network using some empirical pathloss model, topographical data and an expected user distribution. In a later stage drive tests are performed and the pathloss models are corrected to better correspond to pathloss measurements from the live network. 
Instead of using drive tests it has been proposed to use subscriber UEs to perform similar measurements. This would make it possible to continuously update pathloss and user distribution models and derive new parameter settings in the radio network to adapt to changes in these models. Below we propose a way to use UE measurements to update these models.
3 Pathloss and user distribution model

A pathloss model can be described as a mapping between the eNodeB-UE distance and the pathloss. This mapping can be different between cells and also within a cell. For active mode UEs a coarse estimate of the eNodeB-UE distance is known through the Timing Advance (TA) which is measured in the eNodeB and signalled to the UE. The pathloss is calculated using measurements of the Reference Symbol Received Power (RSRP), which is a measurement also required for mobility. An example pathloss model is illustrated in Figure 2 where Pathloss is plotted versus Timing Advance (TA).

[image: image2.emf] 

Pathloss 

Pathloss   Model  

TA  


Figure 2: Example pathloss model

Different parts of a cell may experience different types of propagation. For example this can be the case when a cell partly covers an urban area and partly water (illustrated in Figure 3), which is a big concern for radio network planners. In this scenario, UE with similar distance to the eNodeB may experience very different pathloss in different parts of the cell. To do proper modelling of this type of scenario additional information about the UE location can be useful. Several possible locationing methods exist, each with their respective pros and cons.
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Figure 3: Cell covering water and urban area
One simple solution is to use mobility measurements, which is illustrated in Figure 4. The cell is divided into regions depending on what other cell(s) the UE can see and a centre region if only the serving cell is seen. In this way different pathloss models can be used depending on the geographical region that the user is located in. 
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Figure 4: Locationing based on serving cell TA and neighbour cell measurement
4 Solution

We propose that the eNodeB collect statistics about the user distribution and pathloss model by using internal eNodeB measurements and periodic measurements from the UE. 

When measurements are performed, i.e. the periodicity as well as the activation and deactivation, is under control of O&M.
4.1 Measurements

The required physical layer measurements that are required to support this are already specified:
· Timing Advance (TA) which is normally available in the eNodeB in order to align uplink transmissions, 
· The Reference Signal Received Power (RSRP) measured on serving cell by the UE and reported to the eNodeB, with which the pathloss for a certain UE-eNodeB-pair can be calculated by the eNodeB,  and
· Mobility measurements, where any detected neighbour cell identity is reported from the UE to the eNodeB

To get an accurate view of the average UE distribution and pathloss we propose to use periodic measurements of the above quantities. The measurement period should be relatively long compared to mobility measurements, but it should be enabled for all UEs in order to get correct statistics. 
Since normal mobility measurements may be designed to only report detected cells when the UE is very close to the cell boarder, there may be a need to configure new mobility measurements used specifically for this purpose when the user distribution and pathloss statistics are about to be collected.

We do not preclude using other methods of positioning, for example GPS, but it may require additional effort to standardise this as a periodic reporting.

4.2 Information reported to O&M
In the eNodeB measurements of TA and pathloss are collected. We see two different possibilities for how to signal these measurements to O&M. These possibilities are described below.

4.2.1 Alternative 1: Measurement log

In the eNodeB measurements are collected for active mode UEs. These measurements are stored in a log where each entry corresponds to one UE measurement. 

Each entry contains the cell ID for the cell in which the measurement was received, a position indication as well as the pathloss measurement. These measurements can then be converted to the appropriate pathloss and user distribution models by O&M.
For the position indication several options exist, for example TA to serving cell and detected neighbours, or geographical coordinates (from GPS or similar positioning system)

The number of entries in the log will depend on the measurement periodicity, the number of active UEs in the cell as well as how often the measurements are requested by O&M.
4.2.2 Alternative 2: Matrix representation

The system area is divided into geographical bins (see Figure 5). The size of each bin can be in the order of 10x10 meters. Each bin contains the user density and measured average pathloss for the geographical area surrounding the eNodeB. When measurements from a UE are received the geographical bin corresponding to the user position is incremented by one in the user distribution map. Also the pathloss map is updated correspondingly. In cases where there is a location ambiguity, such as for UE2 in Figure 5, several geographical bins should be updated with a smaller value. In this example the user distribution map would be incremented with 1/17 for each of the possible geographical bins.
On a periodical basis, i.e. when coverage and capacity optimization should be performed, the user distribution and pathloss maps are transferred to the O&M. These models are then used to predict the radio network performance given a set of system parameters as described in section 2.
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Figure 5: User distribution with location ambiguity
4.2.3 Comparison of the alternatives
Alternative 1: 
If we assume that there are 100 active users in a cell, and these users report position and pathloss once every minute we can calculate an approximate amount of data over 24 hours. 

The size of one log entry will be approximately

9 bits (Cell ID) + 40 bits (geographical coordinates) + 8 bits (pathloss) + 7 bits (overhead information) = 64 bits = 8 bytes
Amount of data over 24 hours: 100 users * 8 bytes/minute * 60*24 ( 1 Mbyte/24 hours ( 100 bits/second 
Alternative 2:

If we assume an eNodeB with 3x3 km coverage area, a bin size of 10x10 meters and 1 byte for each element of the pathloss and user distribution models respectively, we can calculate the approximate data volume as
(3000/10)2 * (1+1) ( 0.2 Mbyte

From this we see that the amount of data that needs to be transmitted is smaller for Alternative 2.
5 Proposal

We suggest that RAN3 discusses and decides on a suitable way for how to signal measurements for pathloss and user distribution modelling from eNodeB to O&M. A CR to TS 36.300 is proposed in section 7.
Huawei volunteers to draft any additional contributions to specify the signalling in SA5.
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7 Appendix A: CR to TS 36.300

In this section the proposed CR for TS 36.300 is given. Please note that there are two alternative versions of 22.4.x.2 depending on the solution alternative selected in section 4.2.
------------------------------------- Text Proposal to TS 36.300 -----------------------------------------

22.4
Self-optimization

22.4.x
Coverage and Capacity Optimization

The coverage and capacity optimization functionality uses measurements reported from active mode UEs. These measurements are converted to statistical models in the eNodeBs before they are collected in O&M where the optimization is performed.
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22.4.x.1 Coverage and capacity related parameters

Parameters that can be under control of coverage and capacity optimization are

· Downlink Transmit Power

· Antenna downtilt

· Downlink Pilot Power Offset

------------------------------------------- Alternative 1 -----------------------------------------------

22.4.x.2 Statistics collected in the eNodeB

In the eNodeB measurements of TA and pathloss are collected and converted to user distribution and pathloss models. These models are represented as matrices covering the area surrounding the eNodeB as described below. An element in the matrix is called a geographical bin. The size of each geographical bin can be selected arbitrarily but should be equal for all cells included in the optimization.

In the user distribution model each element contains the number of detected users in the corresponding geographical bin.

In the pathloss model each element contains the average pathloss reported in the corresponding geographical bin.

------------------------------------------- Alternative 2 -----------------------------------------------

22.4.x.2 Statistics collected in the eNodeB

In the eNodeB measurements are collected for active mode UEs. These measurements are stored in a log where each entry corresponds to one UE measurement. 

Each entry contains the cell ID for the cell in which the measurement was received, a position indication as well as the pathloss measurement. These measurements can then be converted to the appropriate pathloss and user distribution models by O&M.

---------------------------------- End of Text Proposal to TS 36.300 --------------------------------------
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