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1. Introduction
RAN#53 approved a new Rel-11 WI in RP-111328 for Further Enhanced SON. As one of the objectives for FE-SON, extensions of Rel-10 ANR mechanism are now under investigation regarding its applicability and value in first phase. Since the Rel-10 ANRF can’t handle any CSG related NR, some concerns have been raised about whether CSG related NR is worth being covered further by ANRF, as some people doubt about its benefits. We think CSG related NR has direct impacts on CSG associated mobility, with which we shall begin our discussion today.
Mobility is one of the most important characteristics of 3GPP radio access systems. From GSM to UMTS, LTE, neighbouring relations (NR) between same/different RAT macro cells are providing NW&UE necessary means to facilitate their mobility procedures in different scenarios. With the introduction of H(e)NB since Rel-8, a set of new mobility procedures have been designed to account for the characteristics of CSG cells, and one big characteristics of these new CSG associated mobility procedures is that: they are not relying on the usage of NRs in the legacy way, but relying on UE’s specific CSG capability, such as autonomous CSG cell search, CSG detection etc.
The CSG cell aforementioned refers to femto cell generated by H(e)NB, which may operate in three different modes: open, hybrid, closed, up to H(e)NB owners & operators’ desires and configurations. CSG associated mobility procedures are relying on UE’s CSG capability most of the time, probably for following three reasons:

1st: Unlike open NRs between macro/micro/pico non-H(e)NB cells, CSG related NR (CSG NRs) may not be applicable for non-CSG capable UEs or invalid CSG subscribers except for dedicated group of valid CSG subscribers. Generally speaking, it is more burdensome to maintain something dedicate for a small group by NW than to maintain something common for a large group. Hence CSG NRs are rarely broadcasted.
2nd: As H(e)NB owner may activate/deactivate (via H(e)NB register/de-register procedure) its CSG cell anytime or anywhere, CSG NRs are fairly dynamic, and show randomised characteristics, hence sometimes they are even deemed to be invaluable for dedicated group of valid CSG subscribers, although since Rel-9, UTRAN and UE start having the possibility to maintain and use CSG NRs in Cell_DCH state to some degree.
3rd For the purpose of the Cell id and CSG id identification, CSG NRs can not replace the step of SI-acquisition when CSG UE performs inbound mobility in case of PSC/PCI confusions. 

In this contribution, we shall revisit some CSG associated mobility scenarios that may benefit from CSG NRs, and evaluate the values of extending Rel-10 UTRA_ANR scheme to cover CSG NRs.
2. Evaluation of CSG NRs
2.1 Current CSG associated mobility scenarios
Till Rel-10, the procedures for following CSG associated mobility scenarios have been specified, and for each mobility scenario, there are several sub-cases. We append our first impression about the likelihood of these sub-cases in practical deployment, meanwhile we are welcome other companies’ views.
1. HHO between H(e)NB and macro (Hand-out) introduced at Rel-8. This is CN involved.
This mobility scenario can be divided into 6 sub-cases: 

1.1 3G CSG cell -> 2G macro cell:  medium likelihood?  To be covered by 3G ANR?
1.2 3G CSG cell -> 3G macro cell:  medium likelihood?  To be covered by 3G ANR?
1.3 3G CSG cell -> 4G macro cell:  low likelihood?
1.4 4G CSG cell -> 2G macro cell:  high likelihood?  To be covered by 4G ANR?
1.5 4G CSG cell -> 3G macro cell:  high likelihood?   To be covered by 3G ANR?
1.6 4G CSG cell -> 4G macro cell:  high likelihood?  To be covered by 4G ANR?
2. HHO between macro and H(e)NB (Hand-in) introduced at Rel-9. This is CN involved.
This mobility scenario can be divided into 6 sub-cases: 

2.1 2G macro cell -> 3G CSG cell:  medium likelihood?  To be covered by 3G ANR?
2.2 2G macro cell -> 4G CSG cell:  high likelihood?  To be covered by 4G ANR
2.3 3G macro cell -> 3G CSG cell:  medium likelihood?  To be covered by 3G ANR?
2.4 3G macro cell -> 4G CSG cell:  high likelihood?  To be covered by 3G ANR?
2.5 4G macro cell -> 3G CSG cell:  low likelihood?

2.6 4G macro cell -> 4G CSG cell:  high likelihood?  To be covered by 4G ANR?
3. HHO between H(e)NBs, CN involved, introduced at Rel-9.
This mobility scenario can be divided into 4 sub-cases: 

3.1 3G CSG cell -> 3G CSG cell:  medium likelihood?  To be covered by 3G ANR?
3.2 3G CSG cell -> 4G CSG cell:  low likelihood?

3.3 4G CSG cell -> 3G CSG cell:  low likelihood?

3.4 4G CSG cell -> 4G CSG cell:  high likelihood? To be covered by 4G ANR?
4. HHO between H(e)NBs CN not involved introduced at Rel-10.
This mobility scenario can be divided into 2 sub-cases: 

4.1 3G CSG cell -> 3G CSG cell:  medium likelihood? To be covered by 3G ANR?
4.2 4G CSG cell -> 4G CSG cell:  high likelihood? To be covered by 4G ANR?
5. SHO between H(e)NBs introduced at Rel-10

This mobility scenario can be divided into 1 sub-case: 

5.1 3G CSG cell <-> 3G CSG cell:  medium likelihood? To be covered by 3G ANR?
2.2 Benefits of CSG NRs

Before addressing the benefits of CSG NRs, we categorize CSG NRs into three basic types as below:

Type A: include CSG cell (either as serving or target) and macro cell;

Type B: include only CSG cells, intra-CSG.
Type C: include only CSG cells, inter-CSG. (Corresponding mobility scenarios are being studied in Rel-11 [6].)
For Hand-Out Type mobility scenarios such as 1 indicated above, the HO can be properly triggered by deteriorating radio condition of serving CSG cell. As long as the source CSG cell maintains good set of Type A CSG NRs, UE is supposed to be HO towards the most ideal target macro cell. Normally as shown in Figure 1, we assume the source CSG cell (in green) is located with good macro cell coverage and the source H(e)NB can detect its surrounding deployed macro cells via measurements per implementation level, so the target cells can only be within the source H(e)NB’s scope and must be within its detection range, but the target cell may not be ideal from UE’s viewpoint. E.g., UE is located somewhere with another macro cell’s coverage but the source H(e)NB can not detect or has not yet detected that macro cell. If source H(e)NB is able to maintain a bigger set of Type A NRs than that can only be detected by itself, we assume the additional Type A CSG NRs obtained through UE detection can contribute to the Hand-Out Type mobility scenarios.

[image: image1]
Figure 1: CSG cell with good macro cell’s coverage
For Hand-In Type mobility scenarios such as 2 indicated above, the HO can only be properly triggered by UE’s proximity detection of CSG cell and includes SI-acquisition step most of the time. In this case, the maintenance of good set of Type A NRs by source macro cell seems not help Hand-In HO much, especially when PSC/PCI confusion exists. However, taking the fact into account that there are a large port of UEs that may not be CSG capable in the source macro cell, so can’t perform CSG proximity detection or SI-acquisition, it may be worth considering how to Hand-In these non CSG capable UEs, basing on good set of Type A NRs of source macro cell. E.g., in certain period of time, when NW can figure out that UE is likely to locate under the coverage of certain privileged CSG cell via UE’s intra/inter-frequency/RAT measurement reports + algorithms per implementation level, NW may attempt to trigger that UE to Hand-In towards that privileged target CSG cell. If PSC/PCI confusion exists, NW needs to perform “Multiple HO preparations” with several H(e)NBs. Upon the single H(e)NB (assuming no PSC/PCI collision) gets the RL UL synchronization from UE, the Hand-In HO procedure can proceed in legacy way. Hence, we assume the additional Type A CSG NRs obtained by UE detection can also contribute to the Hand-In Type mobility scenarios, especially for non CSG capable UEs.

For mobility scenarios “between H(e)NB” such as 3,4,5 indicated above, where there exist continuous CSG coverages. As long as the source CSG cell maintains good set of Type B NRs, UE is supposed to be HO towards the most ideal target CSG cell. Normally, we assume the PSC/PCI collision/confusion likelihood is quite low for a set of adjacent CSG cells as shown in Figure 2, and still the source H(e)NB can not detect all of its surrounding deployed CSG cells via measurements. E.g., HNB 5 can’t detect nearby CSG cell 6 or 7, as their TX signals can’t reach HNB 5’s detection range, so if source HNB 5 is not able to maintain good set of Type B NRs including CSG cell 6 and 7, then UE at the border of CSG cell 5 may not enjoy seamless intra-CSG HO (UE may be Hand-Out first then Hand-In again!) or SHO between them. We assume the additional Type B CSG NRs obtained by UE detection can contribute to the mobility scenarios “between H(e)NB” as well.

[image: image2]
Figure 2: continuous CSG coverage
In [5] and [6], a set of new mobility scenarios, such as inter-GW HO between H(e)NBs, Inter-CSG HO between H(e)NBs (Type C CSG NRs may play positive role), Macro-HNB SHO etc,  have been proposed for evaluation in Rel-11. Our initial impression is: the CSG NRs can provide benefits for the potential mobility scenarios to some degree as well.
3. Conclusions
As we analyzed above, CSG NRs can provide benefits for existing as well as potential CSG associate mobility scenarios, so we propose to include the CSG NRs in the objectives for Rel-11 FE-SON. RAN2 is kindly asked to discuss following proposal:
Proposal: To specify the extended UTRA_ANRF covering CSG NRs in Rel-11, and to trigger the stage 2 specifications work by sending an LS to RAN3.
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Figure 3: 3G NW architecture for intra-GW, intra CSG. Mobility
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Figure 4: 4G NW architecture for intra-GW, intra CSG. Mobility
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