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1
Introduction

At the SA5-RAN3 ad hoc meeting on LTE O&M, June 2007, the impact of network sharing on the design of SON and O&M has been questioned. This is an important topic however the answer can be very long due to the number of different ways in which network sharing can be implemented, and this paper describes the options.
2
Network sharing

The following is a high-level summary of ways which LTE could be shared. Some information is provided on EM connectivity options for each network sharing case, and a proposal of the most suitable option when SON is taken into account. 
2.1
Mast sharing

This type of network sharing is not expected to have an impact on the design of O&M or SON for LTE/SAE.
2.2
Antenna sharing
This type of network sharing could use three different strategies for the O&M and SON for LTE/SAE. These are shown below:
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It is assumed that for the parameters which are common for both operators either a single operator owns the parameter, or there is some (non-automated) negotiation between the NMs (or operators). It is assumed that parameters for the RET TMA would be different
For this sharing case, it is not clear which O&M architecture provides the easiest support of SON as it is very dependent on the equipment available at the site/mast, and what network sharing functionality is supported at the EM.

2.3
Backhaul sharing

This type of network sharing is where the backhaul to the site is shared between the operators, and again this could be completed in two ways: 

· Static bandwidth – There is no impact expected for the O&M or SON design.
· Dynamic bandwidth – This may require the SON function to take into account the fluctuations on backhaul bandwidth. 
With either solution there is no expected impact on the O&M network architecture design.

2.4
eNodeB sharing
The eNodeB sharing topic can be split into two parts, as follows:
2.4.1
Physical eNodeB sharing
This solution for network sharing requires the eNodeB to be logically split into two parts.

[image: image2.emf]EM

NM

A

NM

B

NM

A

NM

B

2) Sharing at 

NM level

3) Sharing at 

EM level

NE 

B

NE 

A

EM

NE 

B

NE 

A

NM

A&B

1) Shared NM 

NE 

B

NE 

A

EM


Each logical part of the physical eNodeB would control the transmission of a separate carrier, so apart from the management of the NE hardware the logical parameters could be set independently. The eNodeB would connect through to multiple different sets of MMEs and Serving/PDN Gateways (i.e. one for each network).
For the case where there is physical node sharing, there are three options as described above. In this case there is likely to be little difference between the solutions for SON. The third option would require functionality in the EM to allow parallel control of the logical NEs, but probably requires limited or no standardisation. The second option would require functionality to be defined between NMs, but this may just be based on the N-Interface. 
2.4.2
Logical eNodeB sharing 

This solution for network sharing requires all aspects of the eNodeB to be shared between the operators.
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The eNodeB would be a common cell for both networks, and in the system information of the cell it would indicate which PLMNs the cell belongs to. Again the eNodeB would connect through to two different sets of MMEs and Serving/PDN Gateways.

Some aspects of the cell configuration would need to be common for all operators and with some configuration being operator specific, this would include S1 connectivity configuration, as separate S1 interface is likely.
For the case where there is logical node sharing, there are three options as described above. In this case there is likely to be little difference between the solutions for SON. The third option would require functionality in the EM to allow parallel control of the NE, but probably limited or no standardisation. The second option would require functionality to be defined between NMs, but this may just be based on the N-Interface. 

So the main difference between options 2) and 3) is where the mediation is completed. To avoid too much functionality being replicated in a non-multi-vendor environment it would be beneficial to adopt option 1) or 2). 
2.5
MME sharing
This solution for network sharing is similar to Logical eNodeB sharing, whereby the eNodeB is primarily configured with common information. In this case there is even less information which is network specific, as a common MME is used and therefore transport and EPC connectivity parameters are likely to be common.
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In this scenario it seems preferable that the network sharing is completed using option 1) or option 2) above, with one network manager taking the lead with the setting of the common parameters. Obviously, this network manager would need to set parameters in close co-operation with the other operator however it is suspected that the network would be managed and optimised as a single task. 
2.6
MVNO sharing

This type of network sharing is not expected to have an impact on the architectural design of O&M or SON for LTE/SAE.

3
Location of SON in Network Sharing case
When SON is taken into account it may be preferable in many network sharing scenarios for a single SON entity to ultimately be responsible for the network configuration, this could be achieved by moving the SON entity to a layer above the NMs of each network (Option 2 below), or have a single NM entity incorporating the SON entity (Option 3 below). These options are illustrated below:
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The selected architecture may also be dependent on whether the network sharing is common across the whole network or if it is only in some geographical regions: 
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· If the network sharing is only in a region of the network then it is likely that the SON entity of the operator which owns the frequency is performing the optimisation, i.e. Network 2 in the above figure. (This option is represented in Option 1)
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· If the network sharing is common across the whole country but only for LTE, it is likely that a single SON entity will be in charge of optimising the network, but there may be a benefit to duplicate some of the other NM functions for each operator. (This option is represented in Option 2) 

[image: image8.emf]Network 1

Network 2

All RANs


· If the network sharing is common across the whole country and all RANs it is likely that a single SON entity will be in charge of optimising the network, as there are not any benefits for having multiple SON entities. (This option is represented in Option 3) 
For Option 1) where the network sharing is only being used in specific geographical regions, functionality is required to handle the edge of the sharing area, but the complexity of the problem is much less than that for multi-vendor SON as it is assumed that separate frequency is used.  Therefore the co-ordination of parameters would be much less as they would be limited to those affecting the inter-frequency. For this architecture it is assumed that an interface would need to be defined between neighbouring centralised SON entities such that some neighbour cell information can be passed.
4
Conclusion

This paper has provided an overview of the interaction between network sharing and O&M/SON architectures. It also highlighted that in some cases there is likely to be a need for an interface between SON Entities and therefore it should be studied further with the aim to standardise the interface.
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