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Introduction

A new study item has been approved in [1]. 
This contribution discusses and proposes way forward of the following study topic.
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Discussion

Beginning of Text Proposal
4.5
Support of CSG and LIPA for dual connectivity
The support of CSG and LIPA services as specified in Rel-12 is applicable only with the HeNBs and they together provide for the CSG members access to private local Intra-networks (home, office, enterprise etc.) by using HeNBs that are configured as CSG Cells either in the closed or hybrid access mode.

The CSG concept was initially specified to differentiate the closed/private HeNB Cells from the ordinary macro Cells so that UEs not having a HeNB/CSG subscription can avoid connecting to HeNBs that are deployed in un-coordinated manner and use HeNB/CSG subscription. Later on, the CSG concept was enhanced to support the hybrid access mode where a HeNB can be configured as open for public access and on the other hand the CSG members may enjoy some special services like LIPA or different pricing category.

As the HeNBs/CSG Cells are addressed differently and are typically deployed in un-coordinated manner, they cannot be configured as the neighbours for the ordinary eNBs. In addition, the ordinary handover procedures cannot be applied in mobility between the eNBs and the HeNB/CSG Cells. This has prevented using the HeNBs in the coordinated open or hybrid access mode deployments to extend the macro network coverage i.e. in the same purpose as the SeNBs. This limitation with the HeNB applicability has been tried to solve by introducing an X2 GW that enables eNBs supporting X2 mobility towards/from HeNBs, or by configuring X2 interface between eNB and HeNB in a coordinated deployment.

When HeNBs support dual connectivity they should be capable to operate as SeNBs in control of an MeNB that may be another HeNB, or an ordinary eNB that is connected to a HeNB/SeNB in open or hybrid access mode by using an X2 GW or X2 interface configured between eNB and HeNB/SeNB in a coordinated deployment.
Here it should be noted that the HeNBs are assumed as low cost equipment for indoor installations. Thus the HeNBs can be deployed just for indoor coverage when they most often cannot provide optimal radio conditions to support dual connectivity. For example, in case a HeNB should operate as an MeNB and some other HeNBs as SeNBs we cannot assume HeNB/MeNB has sufficient coverage to provide the required contiguous overlay for dual connectivity. The same problem shall exist also with the macro eNBs operating as an MeNBs due to their weak indoor coverage.

Observation 1: HeNBs assume to be deployed just for indoor coverage when they most often cannot provide optimal radio conditions to support dual connectivity. Therefore, we cannot assume MeNB has sufficient coverage to provide the required contiguous overlay for dual connectivity.
4.5.1
HeNB with closed and hybrid access mode
In case HeNBs with closed and hybrid access mode support dual connectivity, then the un-coordinated deployments can be considered as out of question due to mobility restrictions and the backhaul connections that are outside of the mobile operator’s domain and control.

HeNB with closed access mode:

When dual connectivity feature is supported by using HeNBs with closed access mode it has severe limitations as a mobile operator will likely deploy their SeNBs more for the capacity enhancements in their macro network for public access.

As the macro eNB cells are always configured as open access mode, it would mean that a HeNB/SeNB configured with closed access mode would become restricted only for the users that have a subscribed CSG membership. This would make the mobility very challenging issue as the HeNB/SeNBs with closed access mode should be configured as the neighbours of the macro eNB with help of an X2 GW and the MeNB should be aware of the UE’s CSG membership when dual connectivity is configured via these HeNB/SeNBs accordingly.

In theory one may consider dual connectivity can be supported within a CSG network that is deployed by using HeNBs with closed access mode. Now the HeNBs should implement both MeNB and SeNB functions in order to support dual connectivity. However, as the HeNBs are low cost customer equipment the implementation of the MeNB functionalities would become overkill.

HeNB with hybrid access mode:

In case of HeNBs with hybrid access mode, these cells are open for public access but the CSG members may enjoy some additional services via these cells. It should be noted that these additional services do not need to be connectivity services like LIPA or SIPTO@LN but they could be any location dependent services provided by the operator e.g. advertisements.

As a macro eNB/MeNB is always in open access mode, it may in theory use the HeNBs in open or hybrid access mode as SeNBs to provide dual connectivity for any of its served UEs having the dual connectivity capability. Again the HeNB/SeNBs with hybrid access mode should be configured as the neighbours of the macro eNB with help of an X2 GW or by configuring X2 interfaces between the macro eNB and the HeNBs. In order to support additional user subscribed services the MeNB should be aware of the UE’s CSG membership.

Observation 2: As HeNBs are assumed as low cost equipment, they should not support MeNB functionalities.
4.5.1.1
Requirement
HeNBs with closed access mode cannot be neighbours to the eNBs operating in open access mode, so they cannot have the required X2 interface from the eNB/MeNBs to support SeNB functions in dual connectivity.

HeNBs with open or hybrid access mode may support SeNB functionalities when the controlling MeNB is an eNB that has configured a HeNB/SeNB as its neighbour and has configured X2 interface accordingly to a HeNB/SeNB in a coordinated deployment.
4.5.1.2
Solution
SeNBs provide a more optimal small cell underlay solution without necessitating any additional nodes like X2 GW or HeNB subsystem and CSG related enhancements in the specifications.

In case some special service will be supported in the context of dual connectivity based on the CSG subscriptions it is better to allow hybrid access mode not only in the HeNBs but also in the SeNBs. However, no specification work can be seen.
4.5.2
LIPA
The LIPA function in Rel-12 is specified to be supported just in the HeNBs operating in LIPA mode where its Cell may be configured as a “closed” or a “hybrid” CSG Cell.  The LIPA service provides UE access to local IP networks by using a LIPA PDN connection and the SGi interface in the HeNB co-located L-GW. The LIPA access is allowed only for the UEs having a LIPA subscription that is associated with a CSG that a HeNB is advertising. The mobility of the LIPA PDN connection is not supported as a HeNB co-located L-GW/SGi cannot be relocated in the inter eNB handovers without changing the UE IP address. Thus a LIPA PDN connection is always released at outgoing handover.

When LIPA function will be applied in the context of dual connectivity, it would necessitate a HeNB with its co-located L-GW is configurable to operate as an MeNB. This is due to fact that according to the current LIPA specification only the HeNB co-located L-GW is supported. In other words, the serving HeNB/MeNB has one-to-one mapping with the co-located L-GW meaning that it can advertise only one L-GW to the EPC resulting that possible L-GWs co-located in multiple HeNB/SeNBs cannot be supported via single S1-MME terminating in the MeNB.
A HeNB operating as an SeNB may be configured to support SCG bearer in dual connectivity that could be routed to the S-GW in option 1A. However, a HeNB/SeNB cannot route SCG bearer traffic to its co-located L-GW for a LIPA bearer service because it is missing the Correlation-Id from the EPC and the L-GW has not received its configuration data due to missing S5 interface from the EPC correspondingly.
Observation 3: As a macro eNB/MeNB is always configured in open access mode and a HeNB/SeNB cannot use its co-located L-GW for routing SCG bearer traffic to a local access network, we can consider that LIPA service cannot be supported in the cases when a macro eNB operates as the MeNB.
Now the LIPA with dual connectivity may be supported only within a CSG network deployment where the involved HeNBs should be configured with the same CSG to operate either in the closed or the hybrid access mode. It is necessitated that the serving HeNB/L-GW implements full MeNB functionality and a secondary HeNB implements the SeNB functions correspondingly (see Figure 1).
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Figure 1. LIPA with Dual Connectivity in HeNBs

Even the proposed scenario could be made to work it is suffering from the fact that HeNBs were specified for low cost and un-coordinated deployments.

As mentioned earlier the implementation of full MeNB functionalities for dual connectivity support in low cost HeNBs would be overkill. On the other hand the HeNBs can be installed only for indoor deployments so they most often cannot provide optimal radio conditions to get any benefit from dual connectivity.

It is also questionable whether the operators are interested in deploying LIPA service that necessitates installing HeNBs in the private premises and local access networks that are not administered by the mobile operator. Instead we can assume that most of the SeNBs will be installed in the mobile network operator administered sites and transport network connections when the LIPA feature does not provide access to some local and sensible intranet type services that would necessitate using the CSG features for access control.
4.5.2.1
Requirement
The LIPA feature for dual connectivity is not viable when a macro eNB operates as a MeNB.

In order to support LIPA feature for dual connectivity it would be limited to HeNB based CSG network deployments that require at least the following:

· HeNB is configurable to operate as a full blown MeNB or/and a SeNB

· The involved HeNBs in dual connectivity should be configured with the same CSG

4.5.2.2
Solution
Even though a working solution for LIPA with dual connectivity could be specified, its applicability has severe limitations due to the use of HeNBs. It does not work if a macro eNB is the MeNB. Therefore, we do not recommend any solution to be implemented.

End of Text Proposal
3
Conclusions
The applicability of dual connectivity is questionable in the typical indoor deployments with the HeNBs. In case some service will benefit from using the CSG membership in the context of dual connectivity it is better to allow the hybrid access mode support not only in the HeNBs but also in the SeNBs.

The current LIPA feature is not feasible to support user traffic breakout from the SeNB co-located L-GWs directly to local networks e.g. Corporate Intranets, Campus networks, Enterprise networks or mobile operator provided local area network with user accessible content.

The SIPTO@LN feature with MeNB co-located L-GW, or a standalone GW can support dual connectivity and the IP capable UE access to a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network with minor changes in Rel-12 standards and enables implementing local services with user accessible content in the local networks at, or near the MeNB sites
Observation 1: HeNBs assume to be deployed just for indoor coverage when they most often cannot provide optimal radio conditions to support dual connectivity. Therefore, we cannot assume MeNB has sufficient coverage to provide the required contiguous overlay for dual connectivity.
Observation 2: As HeNBs are assumed as low cost equipment, they should not support MeNB functionalities.
Observation 3: As a macro eNB/MeNB is always configured in open access mode and a HeNB/SeNB cannot use its co-located L-GW for routing SCG bearer traffic to a local access network, we can consider that LIPA service cannot be supported in the cases when a macro eNB operates as the MeNB.
Proposal: It is proposed to capture the TP provided in section 2 into the TR, and agree on no further standardization work needed for CSG and LIPA for dual connectivity.
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