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1
Introduction

This paper discusses several migration and interworking options between E-UTRA and E-UTRAN access. 

This paper does not give an exhaustive elaboration of all possible options and all pro’s and con’s but rather aims at stimulating and speeding up discussions on mobility architecture and interworking/migration options.

2
Discussion

Migration towards SAE describe the way networks and the related nodes/products may evolve from the current baseline architecture towards the evolved architecture. In general, migration should be able to be performed in a smooth way, however, introducing too many migration steps will generate an undesired number of architectural and procedural options.

Inter-working describes the means that are provided to achieve migration. Parts of the overall network supporting pre-LTE access and pre-SAE services will have to evolve in order to inter-work with parts of the network that support LTE access and SAE services. In general it is desirable to keep the number of necessary changes in the pre-LTE/SAE architecture as low as possible, this eases the support of pre-LTE/UE terminals. Major changes are only justified in case of clear business/performance gains, however, legacy support will always remain an issue.

Having these things in mind, one can consider 3 possible scenarios

2.1
Inter-working / Migrating Fashion 1
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Figure 1. Interworking / Migrating Fashion 1.

Fashion 1 is according to the current status of RAN/SA2 work, see [1].

Migration:

Evolved Packet Core and Evolved RAN can be regarded to a large extent as an add-on network to the existing baseline architecture.

Necessary changes to existing equipment to allow coupling networks deployed according to the pre-LTE/SAE release with LTE/SAE are assumed to be limited and manageable.

The Evolved Packet Core is RAT-independent.

Inter-working:

mobility support in IDLE: 

-
limited mobility signalling is possible as outlined e.g. in [2], but require some modifications in existing equipment, the amount of modifications is dependent on the finally agreed scheme. 

-
It is possible to serve pre-LTE/SAE terminals.

mobility support in ACTIVE: 

-
as the integration level is on the core side, involvement of core GPRS core and evolved packet core is necessary for inter-3GPP-RAT mobility in ACTIVE.

common RRM / load-sharing: 

-
to be further discussed in RAN3. 

-
an optional RRM server could interface to UTRAN exchanging load status information, the same could be achieved via RIM or HO messages. 

2.2
Interworking / Migrating Fashion 2
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Figure 2. Interworking / Migrating Fashion 2.

This fashion plays around with cross-connections.

a)
an “Iur” interface connection between UTRAN and evolved RAN

b)
a direct interface between UTRAN and evolved packet core (Iu*)

Migration:

Evolved Packet Core and Evolved RAN can be regarded as an add-on to the existing baseline architecture.

Necessary interfaces Iu* and eIur would allow further options, it needs to be debated whether the number of options should be further specified, in any case, the limitation of network options is a basic requirement for work on SAE/LTE and should be followed as far as possible. 

ad option b) 

-
3G part of SGSN seems to become superfluous which do not provide the best migration strategy, as migration of network needs to be performed via radical exchange of equipment (3G-SGSN replaced by MME/UPE supporting Iu and S1). 

-
If Iu is kept for support of pre-LTE 3G terminals, the evolved packet core would need to implement functionality which needs to be present in the 3G SGSN as well, which would result in duplicated functionality.

Inter-working:

mobility support in IDLE: 

-
limited mobility signalling is possible as outlined e.g. in [2] via Iu*, Gb, S3 and S1, but require some modifications in existing equipment, the amount of modifications is dependent on the finally agreed scheme. 

-
If subscription specific utilisation of Iu (for pre-LTE/SAE subscribers) / Iu* (for SAE/LTE subscribers) is invisaged (or Iu is abandoned at all) the definition of common 2/3G RA is not possibly, therefore limited mobility signalling (selective RAU) can not be deployed between 2G and 3G.

-
It is possible to serve pre-LTE/SAE terminals.

mobility support in ACTIVE: 

ad option a)

-
The definition of an eIur suggests interworking between E-UTRAN and UTRAN for ACTIVE mode UEs. The option to control LTE-access via GPRS core is not in line with any of the discussions lead in SA2. So, LTE and UTRA capable terminals will be served via the evolved packet core. In case of RRC residing in the eNodeB, the instances of eIur’s between eNodeBs and RNCs might become quite high, but are comparable to the number of connections between aGW an eNodeBs. Having the RRC hosted by an RAN-C-Plane-node would ease the handling of this option.

common RRM / load-sharing: 

-
possible via eIur, especially with an RRM Server.

2.3
Interworking / Migrating Fashion 3
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Figure 3. Inter-working / Migrating Fashion 3.

Evolution of UTRA/UTRAN might aim at gaining advantage of architectural and technology merits of LTE/SAE, e.g. achieving low UP latency with a 2 node UP architecture, radio access and service setup latency performance improvements, etc.

A possible evolution strategy of UTRAN would be to combine the RNC with 3G-SGSN functions into one common node.

This kind of combining RNC with 3G-SGSN in one node will open for sure everybody’s mind with the alluring possibility to interface NodeBs via the Evolved Packet Core by migrating RNC&GPRS core to the evolved packet core.

It can be questioned, whether the market success of A / Iu / Gb interface, which was based on the clear separation of radio and core functions shall be abandoned for the realisation of a node of not to be predicted complexity and stability. This also seems to run contrary to the aim to place as many radio functions to the cell site as possible.

Considering the role of Evolved RAN in this scenario is not straight forward, taking into account current discussions with currently 2 diverging directions: 

a)
either RRC (i.e. lot of radio related functionality residing in today’s RNC) is placed in the evolved RAN

b)
or RRC is placed in the aGW.

Choosing option b) 

-
would result in an architecture, where the RNC* entity in the aGW would interface eNodeBs via S1*/S1 (hosting a similar set of functions like today’s NodeBs) and NodeBs via Iub. 

-
would result in the possibility of having RRM, mobility management, RRC common for UTRA- and E-UTRA access – a quite charming perspective.

-
The new aGW would combine RNC, “E-RNC” and 3G-SGSN functionality,  RNC supporting SHO (not to speak of foolish ideas that might be brought up again for LTE-access ...). This is quite an accumulation of (almost all PLMN’s) functions in one node.

Choosing option a) 

-
would result in a merger of architectures with different distribution of functions, where it can be doubted for good reasons whether this tight coupling of UTRAN and E-UTRAN will result in the expected gains in terms of interworking performance.

Migration:

It seems that this option is quite a leap for network deployment. It may be advantageous for greenfield operators but is quite a disaster for already deployed networks.

An intermediate step like Interworking/Migrating fashion 1 could be considered, introducing UTRA and 3G SGSN functionality later on in the aGW. However, once fashion 1 has been deployed, the gain of migrating to fashion 3 is questionable.

Inter-working:

mobility support:
- 
is feasible for idle and active mode.

-
It is possible to serve pre-LTE/SAE terminals by the GPRS core via Iu towards the (UTRA-) RNC functionality in the aGW, but this options is not to be recommended, as one of the advantages of the “big” aGW is to get rid of Iu.

common RRM / load-sharing among RATs:
- 
excellent between UTRA and E-UTRA access in case the RRC for E-UTRA access resides in the aGW.

3
Proposal

It is proposed to discuss the paper and capture parts of it in R3-018

Given all the pros and cons addressed so far fashion 1 seems to be the cleanest approach. 

It is therefore proposed to rule out architectural options where either UTRAN is connected to the evolved packet core or parts of UTRAN are combined with the evolved packet core.
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