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1
Decision/action requested

Network sharing scenarios are presented for information, 3GPP TR/TS reference documents are identified and recommended for study.
How operators are using the concept of Equivalent PLMN identities is presented for information and discussion.
Decision requested for proposal to enhance the wid template. Procedures are needed to support necessary work for EPLMN requirements.
2
References

[1]
3GPP TR 22.951 “Service aspects and requirements for network sharing”
[2]
3GPP TS 23.251 “Network Sharing;  Architecture and functional description”
[3]
3GPP SP-110391 “Equivalent PLMN Issues”
[4]
3GPP S5-112256 “3GPP TSG-SA LS on Equivalent PLMN identities”.
3
Rationale

MDT support for equivalent PLMN identities were discussed in 3GPP SA5 #78. Parts of requested functionality will be supported in rel-10 but important functionality’s as signaling based activation and logged MDT were targeted for rel-11.  Arguments raised in the SA5 discussions were uncertainties from vendors related to different operator’s network sharing scenarios. A general low level of Network sharing knowledge was exposed.
This information/discussion paper will introduce some of the basic scenarios identified and present related work done in other 3GPP bodies of value for the continued work in SA5.
4
Network sharing scenarios and Equivalent PLMN issues
The 3GPP SA5 Network sharing task

In contribution S5-112256 “3GPP TSG-SA LS on Equivalent PLMN identities and MDT SP-110433” 

TSG-SA reconfirmed: 

· In general all new features (or enhancements to existing features) should continue to be designed to work also for operators using Equivalent PLMN identities.

· If/when it is not possible to develop complete support for the EPLMN concept (i.e. Networks using EPLMN has the same features/capabilities and the same operational situation as a standalone PLMN networks) then such deviations should be documented in relevant stage 1 and stage 2 documents.

The applicability of those statements needs to be considered in SA5 for all new features /enhancements. MDT and Energy saving are ongoing work that will need such considerations. 

Procedures to support the TSG-SA requests should be implemented.
Why Network sharing ?

Increasing number of operators is sharing their mobile networks. Main arguments presented are

· Increased rollout speed

· Quickly expand coverage to meet customer demand for wider coverage

· Sharing low traffic areas will gain long term cost advantage  

· Sharing high license burdens

· Cost efficiency CAPEX&OPEX

· Joined effort to offer availability of services at more affordable price.

The network sharing may be done in many different ways related to different business reasons, operator strategies, markets, on rules and legislation in different countries regulation etc

3GPP work

3GPP has analyzed the different Network sharing scenarios in the study

3GPP TR 22.951 “Service aspects and requirements for network sharing”.  

In TS 23.251 “Network Sharing;  Architecture and functional description.” the stage 2 details and descriptions are standardized.

In the TR the following Scenarios for network sharing are presented:

Scenario 1:  Multiple core networks sharing common radio access network

Scenario 2:  Geographically split networks sharing

Scenario 3:  Common Network Sharing

Scenario 4:  Common spectrum network sharing

Scenario 5:  Multiple radio access networks sharing common core network

An extract from the TR 22.951 “Service aspects and requirements for network sharing” is submitted in the annex to present the different scenarios in more detail. For further information the TR is recommended for study.

Network sharing architecture

TS 23.251 “Network Sharing;  Architecture and functional description”  defines two architectures to be supported by network sharing.

A network sharing architecture shall allow different core network operators to connect to a shared radio access network. The operators do not only share the radio network elements, but may also share the radio resources themselves. In addition to this shared radio access network the operators may or may not have additional dedicated radio access networks, like for example, 2G radio access networks. There are two identified architectures to be supported by network sharing. They are shown in the figures below.
In both architectures, the radio access network is shared. Figure 1 below shows reference architecture for network sharing in which also MSCs and SGSNs are shared. This configuration will be referred to as a Gateway Core Network (GWCN) configuration.
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Figure 1: A Gateway Core Network (GWCN) configuration for network sharing. 
Besides shared radio access network nodes, the core network operators also 
share core network nodes

Figure 2 below shows the reference architecture for network sharing in which only the radio access network is shared, the Multi-Operator Core Network (MOCN) configuration.


[image: image2.wmf]Radio Access Network

Operator X

CN 

Operator A

CN

Operator B

CN

Operator C

RNC

Iu

.........

.........


Figure 2: A Multi-Operator Core Network (MOCN) in which multiple CN nodes are 
connected to the same RNC and the CN nodes are operated by different operators

The UE behavior in both of these configurations shall be the same. No information concerning the configuration of a shared network shall be indicated to the UE.

For the Evolved Packet System, only the PS domain of the above figures is relevant. For E‑UTRAN access Figures 1 and 2 both apply but with the MME replacing the SGSN, the eNodeB replacing the RNC, and the S1 reference point replacing the Iu interface.

For GERAN access, only MOCN applies (Figure 2) but with the BSC replacing the RNC and the A/Gb-Interface replacing the Iu interface.

Equivalent PLMN Issues

In included zip file is a discussion paper SP-110391 presenting views on how operators are using the concept of Equivalent PLMN identities. This contribution was included in S5-112256 “3GPP TSG-SA LS on Equivalent PLMN identities and MDT SP-110433” but was not opened and not discussed in the context of different network sharing scenarios.

Proposal and conclusions

To fully support network sharing and the operators using Equivalent PLMN identities it’s a necessity for SA5 to enhance our knowledge of the concept of the different scenarios to be supported. It is recommended to study the TR 22.951 “Service aspects and requirements for network sharing” and the TS 23.251 “Network Sharing;  Architecture and functional description”. How operators are using the concept of Equivalent PLMN identities is presented in SP-110391.

To fulfill the TSG-SA requests: 

· In general all new features (or enhancements to existing features) should continue to be designed to work also for operators using Equivalent PLMN identities.

· If/when it is not possible to develop complete support for the EPLMN concept (i.e. Networks using EPLMN has the same features/capabilities and the same operational situation as a standalone PLMN networks) then such deviations should be documented in relevant stage 1 and stage 2 documents.

We will need to establish procedures to secure that these requirements will be implemented. An extra clause “EPLMN aspects” or yes/no impact field under Impacts in the wid template could be a simple solution to address necessary work.

Annex.
 
Extract from  TR 22.951   “Service aspects and requirements for network sharing”.

5
Network Sharing Scenarios

Sharing networks and network infrastructure has become a very important part of 3GPP systems. There are many network-sharing scenarios possible depending on different operator strategies but also on rules and legislation in different countries. 3GPP systems are originally not fully designed for network sharing between different operators however some limited support exists in the 3GPP Release 99.The equivalent PLMN feature in Release 99 allows operators to share a common UTRAN, with certain parts of the core networks also shared between the operators, see Figure 1.
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Figure 1: Two operators sharing the same UTRAN. To make this work, parts of the core network need to shared as well.

Important to note here is that this network-sharing scenario allows operators without a UMTS license to share the network and supply its customers with 3G services. For example, a 2G operator may supply its subscribers with 3G services using another operator’s allocated spectrum. A geographically split network, i.e. a scenario in which cooperating operators cover different parts of a country, is also possible in Release 99. One operator’s core network may also be connected to several UTRANs, see Figure 1.

Different kinds of evolution paths are essential for shared networks. For example, it is not only the sharing solution at a certain time that is important, but also how it is possible for the sharing partners to evolve either to a more dedicated network or to a more joint network. That is, the set of infrastructure sharing solutions and scenarios that is discussed in the industry cover alternatives that together include:

-
solution alternatives targeting at dedicated networks in the near future,

-
solutions for infrastructure sharing not targeting at immediate exit, but at exit when for example the network capacity demand so requires,

-
infrastracture sharing targeting at long term sharing, which for example is the case when one of the operators lacks a frequency license.

Although these network-sharing scenarios are possible in Release 99 of 3GPP systems, the solutions are far from optimised. Identifying, changing, and adding appropriate functionality in the network will definitely lead to a better shared-network operation.

5.1
Scenario1: Multiple core networks sharing common radio access network in R99

For operators that have multiple frequency allocations it is possible to share the RAN elements, but not to share the radio frequencies. In this case the operators connect directly to their own dedicated carrier layer in the shared RNC in the shared RAN. This solution is possible with 3GPP Release 99 and is illustrated below in Figure 2 for the case when two operators have one license each.
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Figure 2: The figure illustrates how it is possible to within the 3GPP Release 99 framework have dedicated carrier layers in the RAN for multiple operator. The operators transmit their own mobile network code (MNC) on their dedicated carrier

5.2
Scenario 2: Geographically split networks sharing

In this scenario, two (or more) operators with individual 3G licenses will with their respective radio access networks cover different parts of a country but together provide coverage of the entire country. 

This scenario can be divided into following cases:

1) 
When two (or more operators) employ national roaming for the users, which implies that only one core network will be associated with each radio access network. Care is obviously needed when coverage regions overlap, which makes this a valid shared-networks scenario. This case is shown in Figure 3.


2) 
The operators can have their individual core networks connected to both radio access networks throughout the entire coverage area, but utilizing the different operator’s allocated spectrum in different parts of the coverage area. There will thus be multiple core network operators in each of the shared radio access networks. The connection of the core networks to the radio access networks can either be done by connecting the radio network controllers to both operators' core network elements or by sharing parts of the core network, e.g. SGSNs and/or MSCs. The work on shared networks in Rel-6 should not make any of these possibilities mandatory and it should be the choice of the operator which one is implemented. Additionally it should, be possible to introduce Iu-flex functionality between the common core network parts and the radio access network for purely load-sharing purposes.
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Figure 3: Geographically split network using national 
roaming between operators.
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Figure 4: Geographically split shared radio networks scenarios
with dedicated or common core networks

The national roaming scenario and the common core network scenario in Figure 4 can be deployed already today using R99 functionality and are therefore important in the future work of 3GPP. The scenario with dedicated core networks in Figure 4 is not supported by Rel-5 specifications.

In areas where more than one of the operators provide coverage, it should be possible to restrict the access rights so that the users are only allowed to use the radio access network provided by their home operator. 

5.3
Scenario 3: Common Network Sharing

In this scenario, one operator will deploy coverage in a specific geographical area, and other operators will be allowed to use this coverage for their subscribers. Outside this geographical area, coverage is provided by each of the operators.

For example, in the case of two operators, a third-party could provide UTRAN coverage to operators A and B’ subscribers in areas with high population density. In less dense areas, GERAN coverage is provided by operator A and operator B and in these areas the subscribers should connect to the access network of their operator.

5.4
Scenario 4: Common spectrum network sharing

Common spectrum network sharing is applicable when

- 
one operator has a 3G license and shares the allocated spectrum with other operators. 

- 
a number of operators decide to pool their allocated spectrums and share the total spectrum (operators without allocated spectrum may also share this pooled spectrum). 

The scenario can be realized as follows.

1. 
Connecting each operator’s core networks and to the shared radio access network(s), see case 1 in Figure 5 below (only 1 radio network controller for simplicity). In this case it should be possible that one or more of the core network operators use Iu Flex between their core network and the shared radio access network. The technical realisation of this scenario may reuse some of the mechanisms already specified in REL-5 Iu Flex. Described in the figure below are three network operators, A, B and C. Operators A and C are not using multiple core network nodes (CN) and therefore may not need to use Iu-Flex. Operator B is using multiple CNs and has decided to use Ie-Flex to enable the intra-domain sharing of CNs

2.
 The core network entities connected to radio access network can be shared, see case 2 in Figure 5 below. 
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Figure 5: Two different cases of common spectrum network sharing 

The work on shared networks in Rel-6 should not make any of these possibilities mandatory and it should be the choice of the operator which one is implemented.

5.5
Scenario 5: Multiple radio access networks sharing common core network

In this scenario multiple radio access networks share a common network. The multiple RANs can belong to different PLMNs and network operators. Due to operators’ deployment different nodes or part of the common core network i.e. HSS/HLR, SGSN etc can be shared.

The scenario is depicted in the figure below:
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Figure 6: Multiple RANs sharing a common CN 

