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1
Introduction
H(e)NBs can be deployed with various network architectures, mobility possibilities and access mode settings depended on their use case and/or location. Thus, it is important to study each of the potential use case and derive the relevant connection type, settings and network architecture. The goal of this contribution is to evaluate and discuss those in details. 

2
Potential Use cases
2.1
Residential environment

In residential environment, the H(e)NBs are typically deployed as single cells to improve the indoor coverage or in some cases to solve local capacity issues. The H(e)NB is typically operated in closed access mode and the user group consists of a few users (e.g. family members).
In the same neighbourhood multiple H(e)NBs may be deployed, each of them is typically reserved for a different Closed Subscribe Group. Hence the potential neighbour cells for handovers are the surrounding macro cells.  In high density residential deployments H(e)NB cell areas may overlap, however, this is typically not intended for inter-H(e)NB mobility purposes.

Conclusions: The residential H(e)NB cell has a very limited number of neighbour cells for mobility purpose, typically consisting only of macro/micro cells. Due to the limited number of CSG members, the handover frequency between a H(e)NB cell and surrounding macro cell(s) is insignificant. The handover/relocation signaling load for a single macro-H(e)NB neighbor relation is limited and will require CSG access control in macro to H(e)NB mobility. Therefore S1-/Iu-based handovers/relocations are recommended for residential H(e)NB deployments. However, in case of H(e)NB to macro mobility there may be an scalability issue in dense deployments which could result in direct interfacing with the macro cell. This scalability issue may appear in a scenario in which high number UEs served by the H(e)NBs are performing the handover/relocation to the same macro overlay at almost the same time (e.g. people leaving their home during the morning).
2.2
Enterprise environment
The indoor coverage in enterprise deployments will consist of multiple H(e)NB cells with partial coverage overlap. Depending on the type of the enterprise the H(e)NBs are operated in open, hybrid or in closed access mode. In case of open and hybrid access modes, the number of subscribers served by the H(e)NBs is expected to be much higher than in case of closed access operation, because all subscribers, not only CSG members, will use the H(e)NBs when visiting the office building. 
One reason to use hybrid access mode H(e)NBs instead of open access mode would be the LIPA deployment within the office to offer the data connection to the local network server via the H(e)NBs. The LIPA access control is based on the CSG subscriptions. In case the H(e)NBs would be operated in such a scenario in closed access mode, all the visitors would need to receive temporary CSG membership to be able to use the H(e)NB within the office, or then the public indoor coverage would need to be built by using additional RAN equipment operating on a different frequency carrier than the closed access H(e)NBs.
In case the enterprise coverage is served by closed access H(e)NBs, it is assumed that all H(e)NBs are configured to the same CSG. Otherwise employees with the subscription to one CSG would have only a partial coverage in the office (in case of co-channel deployment). Therefore the X2 based inter-CSG mobility between two closed access cells seems rather unlikely scenario.
The mobility scenarios can be divided to two types: between H(e)NBs: subscribers moving inside the building, and between outdoor cells and H(e)NBs, i.e., subscribers coming in and leaving the office and at those places which are not covered by H(e)NB access. The generic scenario has been shown on Figure 1, below: 

Mobility between the H(e)NBs
The handover frequency between two neighboring H(e)NB cells is rather frequent, therefore X2- or Iurh- based handovers/relocations are recommended to reduce the signaling load in the core network and to achieve shorter handover preparation times, which may appear critical in some “corner around” coverage cases.  A single H(e)NB is assumed to have only a few neighbouring H(e)NB cells with handover relation due to the limited coverage of each low power H(e)NB cell. Therefore, in LTE, an X2-proxy between the HeNBs seems not essential for inter-HeNB mobility. However if the X2-proxy will be introduced for the macro – HeNB mobility scenarios due to dense HeNB deployments and the same solution would be applicable for the mobility between the HeNBs, the specifications should allow the usage of X2-proxy entity between HeNBs in order to simplify the solution in the HeNBs, and reduce the IOT effort.
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Figure 2, Mobility between the H(e)NBs in office environment

Mobility between macro overlay and H(e)NBs
Handovers/relocations between macro and H(e)NB cells appear typically when subscribers move in and out from the office building or when the subscriber reaches an area not covered by femto access. This is shown in Figure 3, below: 
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Figure 3, mobility between Macro eNB and H(e)NB

In case the enterprise H(e)NBs are operated in open or hybrid access mode all subscribers entering the office building are allowed to camp on the H(e)NB cells. Such deployments are typical in scenarios where public indoor coverage is needed as well. Due to the higher number of subscribers served by the enterprise H(e)NBs  also the handover frequency between the macro overlay cell(s) and the H(e)NBs covering the entrance of the building is higher than in case the enterprise H(e)NBs would be operated in closed access mode. X2/Iur(h) connectivity between the macro and H(e)NB system will reduce the processing load in the core network caused by the handovers/relocations.
In outbound handovers the current serving indoor cell coverage may decrease rapidly when the subscriber moves out from the building. Therefore in addition to the proper handover criteria settings the time in handover preparation phase should be minimized. Using X2/Iur(h) connectivity between the macro and H(e)NB system allows for a shorter handover preparation phase due to less signaling messages (i.e. 2 messages for X2 HO preparation phase vs. at least 4 messages for S1 HO preparation phase, in case of inter-MME relocation even more). 
X2/Iur(h) connectivity between the macro and H(e)NB system requires that both RANs are connected to the same core network pool. In LTE this may become an issue in MMEs S1 capacity in case of dense HeNB deployments. Using the HeNB-GW as part of the network configuration will hide the high number of HeNBs from the MME. In a similar manner a macro eNB may experience in such high density HeNB scenario limitations in X2 connection capacity. An X2-proxy would allow the macro eNB to use the same X2 connection to multiple HeNBs. In 3G case the HNB-GW is always part of the deployment. Therefore introducing a direct interface (Iur-based) between the macro and the HNB-GW would be the logical approach for enhanced mobility too. In addition, one possible benefit for using the X2-proxy is to reduce the IOT effort. With the X2-proxy, the eNB vendor only needs to have IOT with the X2-proxy. Otherwise, the eNB vendor needs to have IOTs with HeNBs from each HeNB vendor. 

Conclusions: A low power H(e)NB cell has typically only a few neighbouring H(e)NB cells with handover relation. Therefore in LTE an X2-proxy between the HeNBs seems not essential for inter-HeNB mobility. If the X2-proxy will be defined for the macro – HeNB mobility scenario, the same solution should be allowed for the inter-HeNB scenario.
X2/Iur connectivity between the macro and H(e)NB system is beneficial, because it will reduce the processing load in the core network caused by the frequent handovers/relocations in case of open and hybrid access deployments.
In a similar manner as the MME may experience in high density HeNB scenario limitations in S1 connection capacity, a macro eNB may face limitations in X2 connection capacity. An X2-/Iur(h)-proxy would allow the macro RAN node to use the same X2-/Iur- connection to multiple H(e)NBs.

2.3
Shopping mall environment
In shopping mall environment the H(e)NBs are typically operated in hybrid and/or open access mode. The member UEs (e.g. store’s employees) would have the priority for the access in case of high load situation in the H(e)NB cell, but all UEs would be able to benefit of the indoor coverage of the hybrid mode H(e)NBs. In another scenario the frequent customers could receive special content/offers when visiting the shopping mall. This local content could be delivered by using LIPA. The access rights for LIPA are verified based on the CSG subscription.
Mobility between the H(e)NBs

In a similar manner as considered for the enterprise environment, handovers between the H(e)NBs appear frequently, when many users visit the shopping mall and move around there between the shops. The signaling load in the CN caused by this local mobility should be minimized. Therefore the X2/Iurh connectivity between the neighboring H(e)NBs would be beneficial. 
The H(e)NBs within a shopping mall may belong to different CSGs and operated in hybrid access mode (e.g. co-channel deployment with macro overlay). Additionally some H(e)NBs may be operated in open access mode in the same place. The handovers/relocations using X2/Iurh connectivity between the neighboring H(e)NBs should be supported for scenarios in which both H(e)NBs operate in hybrid mode but belong to different CSGs, and for scenarios in which source H(e)NBs operated in open access and the target HeNB operated in hybrid access mode.
Mobility between the macro overlay and H(e)NBs
The H(e)NBs serving for the indoor coverage close to the entrances may be operated either in open access or in hybrid access mode. The high number of visitors in the shopping mall will typically increase the local traffic load and the number of handovers between the macro and the H(e)NBs. X2-/Iur(h) connectivity is therefore recommended between the macro and open/hybrid access mode H(e)NBs.
The macro cell coverage may contain multiple shopping malls and enterprises. In dense H(e)NB deployments an X2-/Iur-proxy would be beneficial to reduce the number of X2/Iur connections in the macro RAN reserved towards the H(e)NBs.
Conclusions: A single H(e)NB is assumed to have a limited number of neighbor cells suitable for the handovers, therefore the need to introduce the X2-proxy between the HeNBs does not exist for inter-H(e)NB mobility. The enhanced mobility based on X2 connectivity between the macro and open/hybrid access HeNBs is necessary due to similar reasons as already discussed for the enterprise scenario.  The X2-proxy is beneficial in case of dense HeNB deployments within the macro coverage. The same considerations are valid for the 3G case. The inter-CSG mobility over X2-/Iurh- is needed for the scenarios in which the target cell is operating in hybrid access mode. 
2.4 
Campus and Local Area environment
In campus and in other Local Area scenarios, the deployment consists of macro cell overlay and of multiple hotspot areas served by small indoor and outdoor cells. The H(e)NBs are typically used for indoor coverage. The optimized handover procedures are in the key role to ensure smooth mobility when moving around indoors and outdoors.
There can be multiple CSGs deployed in a campus area. Typically one CSG coverage consists of multiple H(e)NBs. The CSG clusters may have partial overlap. The indoor coverage is assumed to be offered mainly with open access and hybrid access cells. In case closed access cells are used, the coverage area of a CSG cluster is assumed to be rather limited, i.e. within one building. The consequences of using closed access cells are similar to the issues discussed in case of office and shopping mall environments: The public cellular coverage would be needed parallel to the closed access coverage to support non-members. 
The inter-CSG mobility scenarios are similar to the ones described above for enterprise and shopping mall scenarios. In case of partial overlap of CSG clusters it is assumed that the H(e)NBs operate in hybrid access mode.
Conclusions: Similar to the enterprise and shopping mall scenarios X2-/Iur(h)-based connectivity is needed between the macro overlay cells and the indoor H(e)NBs to ensure proper mobility within the campus or local area. The need of inter-CSG mobility over X2-/Iurh- remains unclear for the scenarios in which the target cell is operating in closed access mode. 
3
Proposal
Based on the discussed use cases, following requirements can be concluded:
1. X2/Iur(h) connectivity supporting local mobility procedures between the macro and the open/hybrid access H(e)NB shall be supported to reduce the signaling load in the CN caused by the frequent mobility.

2. X2/Iur(h) proxy shall be part of the respective architectures to cater for dense open/hybrid access H(e)NB deployments within the macro cell coverage for allowing X2/Iur(h) connectivity between the macro and H(e)NB system.
3. The X2/Iur(h) proxy may be supported for inter-H(e)NB mobility
4. Inter-CSG enhanced mobility towards a hybrid access  H(e)NB shall be supported.
It is proposed to agree on the presented requirements and include the list to the TR 37.803.
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