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1 Introduction

RAN3 is currently discussing various methods on how to enhance mobility from macro cells to hybrid access HNB cells. This discussion has been captured in [1], where a number of solutions were presented and an initial comparison was carried out.

The two groups of solutions identified so far are named “Solution 1” and “Solution 2”. They mainly differ on the network node where the membership verification (MV) is carried out. 
In the “Solution 1” family, MV is carried out at the CN, i.e. in MSC or SGSN. More in detail the solutions falling in this group are listed below:

Solution 1a: Source RNC triggers MV with the CN before initiating handover.

Solution 1b: Target HNB triggers MV with the CN before accepting handover.

Solution 1c: Target HNB triggers MV with the CN during handover, first accepting the UE as a non-member and later upgrading it according to MV outcome.

Solution 1d: Target HNB triggers MV with the CN during handover, first accepting the UE according to its reported CSG membership status and later downgrading it if MV outcome is “non-member”
In the “Solution 2” family, MV is carried out at the target HNB GW. In particular the solutions falling in this group are listed below: 
Solution 2a: Target HNB GW triggers MV before forwarding handover signalling to target HNB

Solution 2b: Target HNB triggers MV with HNB GW before accepting handover

Solution 2c: Target HNB triggers MV with HNB GW after accepting handover

This document tries to analyse these solutions and to evaluate their efficiency when compared to currently available mobility solutions, e.g. RANAP based relocation.

2 Analysis
2.1 Solutions 1a/1b Analysis
Of all 4 Solutions 1x, Solutions 1a and 1b are likely to be the less efficient in terms of handover performance. In fact, both these solutions require a new procedure to query the CN for membership verification. The latter has also an impact on the amount of extra signalling generated with respect to currently available RANAP relocation procedures.
Further, both solutions require MV to be executed before the HO can be accepted. For Solution 1a, handover is not even initiated before the core network responds with MV outcomes. For this reason, handover performance for these two solutions is dominated by the backhaul link performance (speed and latency): in fact, in performance terms there is little difference between them and a RANAP relocation.
It has to be noted, though, that Solution 1b makes a step toward optimizing the signalling flow. It is the target node that triggers MV, so the impact on the source node is very limited (unlike in Solution 1a, that requires the source node to trigger MV).
2.2 Solutions 1c/1d Analysis
Solutions 1c and 1d work around the handover performance problem by “expediting” the handover and leaving the amount of signalling to the core network to minimal levels. In this way, the handover preparation procedure remains the same as existing RNSAP SRNS Enhanced Relocation, where no MV is required. 
Both solutions focus on reusing the existing RANAP: ENHANCED RELOCATION COMPLETE REQUEST message to send CSG ID IE and Cell Access Mode IE to the CN.  Existing RANAP: ENHANCED RELOCATION COMPLETE RESPONSE is used to convey the CSG Membership Status IE from the CN to the target HNB. Therefore, Solutions 1c and 1d are as efficient as RNSAP SRNS Enhanced Relocation, which constitutes an improvement when compared to RANAP relocation.

Provided that the target node has enough resources to serve the UE until the core network reports CSG Membership Status IE, the UE can be served immediately after the RRC reconfiguration with target RNC is completed. 
The two solutions differ, however, in the behaviour of the target node while waiting for the core network to confirm the UE membership.

Solution 1c requires the target node to consider all incoming UEs as non-members by default until confirmation is received. The latter can prevent in many cases a CSG member from pre-empting or “jumping the queue” over non-members, thereby negating the whole concept of CSG. 

On the other hand, in Solution 1d each UE is provisionally accepted according to its reported Membership Status, until confirmation is received by the CN. This might not be totally immune from issues because if the target node is overloaded with non-members, a “fake” member might prevent, at least in theory and for a limited amount of time only (the time it takes the core network to process MV), a real member from accessing the target cell. 

However, it needs to be noted that the principle, for which the CSG membership reported by the UE is assumed to be correct, is in fact already used for mobility procedures, where the handover preparation signalling is triggered only if the UE reports that it is a member of the target cell. Solution 1d does not deviate from this principle. Furthermore, it has already been discussed in the course of Release 9 that a UE that “fakes” its CSG membership can be rejected and/or blacklisted, temporarily or indefinitely, by the cell or even by the network. This is a strong deterrent to avoid/limit the amount of UEs “faking” CSG Membership Status and it was one of the justifications of the Release 9 decision to trigger handover procedures on the basis of information reported by the UE.

2.3 Solution 2 Analysis
The Solution 2 family shares one main principle: the UE CSG whitelist is transferred by the CN to the HNB GW and it is used for MV during mobility from macro to hybrid HNB cells. From a technical point of view this would mean that, once the UE specific white list is available at the HNB GW, MV can be carried out locally.

Howeevr, this principle in not in line with one of the main assumptions on the basis of which current mobility procedures are specified, namely that Access Control or Membership Verification for CSG UEs is performed in the CN.

During the course of Release 9 the topic of Access Control/Membership Verification was discussed at length and the following was agreed in RAN3#65bis (see [2]):
“Agreements

- The source R9 eNB shall include that CSG-ID/Access Mode in the HO Required message and the MME shall perform the access control on the way forward.
[…]
- The equivalent is agreed for UMTS (with the exception of ANR)   ”
The agreement above was taken for a number of reasons. Firstly, the 3G HNB architecture was designed so that in the long run concentration and maintenance of CSG subscription information would be in the CN only.  This simplifies the overall system avoiding several decentralised instances of subscribers information databases, which need to be managed and maintained. Also, this improves security due to subscribers information being stored in a trusted CN node.

Secondly, the agreement was taken with the intent of unifying the 3G and LTE systems architectures. In fact, with 3G and LTE deployed in the same network it is much easier to manage and maintain subscribers information for both 3G and LTE if they are both located in the CN.
By proposing to decentralise the CSG subscriber information to the HNB GW also for non-CSG capable UEs the advantages and principles on which the Release 9 and Release 10 3G networks have been designed would be broken. Some of the consequences are as follows:

1) By decentralising the CSG subscription database higher processing and signalling is needed in order to maintain the database updated in all decentralised instances

2) Mobility performance is impacted due to the need to either retrieve a user’s CSG whitelist at the time of macro to hybrid handover or due to the need to check that the list is up to date.

3) Decentralisation of subscribers information implies divergence between the 3G and LTE systems, preventing to unify the CN and OAM functions for systems supporting both technologies

4) Decentralisation of subscribers information exposes the system to higher levels of mobility threats. In fact, subscriber’s information will be stored on less secured nodes and in many more locations.
In light of the above it is believed that the principles on the basis of which the Solution 2 family is designed shall be analysed and assessed before a comparison of different types of solutions in this family can be carried out.
3 Conclusions and Proposal
In this document an analysis of the solutions currently available for enhanced mobility from macro to hybrid HNB cells has been carried out. The analysis revealed that there are two main competing factors to be considered regarding evaluation of Solutions 1 alternatives: knowledge of membership status before relocation completion vs relocation performance.

Solutions 1a and 1b ensure that membership status is known (either at source or at target) on time to allow UE admission control to always occur in a correct way. 
Solutions 1c and 1d make use of either pre-set membership status (i.e. always “non-member” in 1c) or of membership status reported by the UE (as per 1d). These solutions have the advantage of expediting the relocation procedures making them equivalent to RNSAP SRNS relocation performance.
The Solution 2 family shifts the paradigm of membership verification in a different direction. As explained in section 2.3, by decentralising the CSG subscribers information database the system is impacted from the point of view of complexity and performance. 
Focussing purely on the performance of these solutions (when compared to existing RANAP relocation procedures) it can be concluded that performance does not improve as much due to the need of querying the CN to retrieve the user’s CSG whitelist or due to the need of ensuring that such list is up to date at the time the relocation occurs.

Having seen the above considerations, the following is proposed:
Proposal 1: Solutions falling in the “Solution 2” family should be down-prioritized.
Proposal 2: With respect to the Solution 1 family, RAN3 should discuss the selection criteria for Rel-11 enhanced mobility from macro to hybrid HNB cells, i.e. whether to prioritize improved performance or whether to prioritise knowledge of membership status before relocation.
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