3GPP TSG-RAN WG2 Meeting #67
R2-094208
Shenzhen, China
24th - 28th August 2009
Agenda item:

4.2.1.1
Source:
Nokia Siemens Networks, Nokia Corporation
Title:
Inbound Mobility towards CSG Cells
Document for:

Discussion and Decision

1
Introduction
This contribution outlines a solution for inbound mobility towards CSG cells which minimise the impacts on ongoing services while keeping UE and eNB complexity increase at a minimum. This should not be seen as an effort to undermine the outcome of the email discussion but rather as a parallel exercise to propose an overall solution to the identified issues.
2
Discussion
Since mobility towards CSG cells only applies to CSG UEs, it is naturally understood that the proposals made in this subclause only target CSG UEs.
2.1
SIB Acquisition
First it is important to understand the difference there is between SIB acquisition and Measurement Gaps. SIB acquisition refers to the UE reading the SIB of a neighbour. Without a dual receiver, SIB acquisition always requires a gap. When DRX configuration and scheduling introduces enough periods of inactivity in the source cell, the UE may utilise these natural idle gaps autonomously for neighbour cell SIB acquisition without this affecting data exchange in the source cell. This procedure is used for ANR in Release 8. When DRX configuration and scheduling does not leave sufficient period of inactivity, measurement gaps for cell identification and measurements are created and signalled by the eNB to the UE. This procedure is used for inter-frequency and inter-RAT mobility measurements in Release 8.

In case of CSG, we propose to also allow the autonomous creation of neighbour cell SIB aquisition gaps (hereafter referred to as SIB acquisition gap) outside the periods of natural inactivity allowed by DRX and scheduling. But in order to limit the impacts of such gaps, they should only be created when triggered by the eNB. So the two phases for SIB acquisition we see are:

-
autonomous SIB acquisition: where the UE uses natural periods of inactivity in the source cell to acquire CSG neighbour’s SIB. The only requirement of such a procedure is that it shall not impact scheduling in the serving cell (i.e. create gaps outside the natural periods of inactivity provided by DRX and scheduling).
-
eNB initiated SIB acquisition: where the eNB asks the UE to decode the SIB of a given PCI. Only if the UE does not already have the information (through autonomous acquisition or fingerprints info) it autonomously creates one SIB acquisition gap to decode it, regardless of DRX configuration and ongoing scheduling.

The procedure described above ensures that SIB acquisition gaps are only created outside the natural periods of inactivity when PCI confusion exists and when the UE does not already know the information. In addition, the broadcast of the CSG PCI split allows UEs to limit the autonomous SI acquisition to CSG neighbours.

Furthermore, in order to minimise interruption time further in the downlink, the eNB should still schedule the UE after initiating SIB acquisisition as the serving eNB does not know whether a gap will be required and if it is, how soon the UE may return. In the uplink, Rel-8 behaviour should ensure that data is buffered during a gap (and eventually discarded depending on the length of the gap and duration of discardTimer).

Requirements for autonomous gaps after eNB initiation should be specified to limit the time the UE goes away from the serving cell and the time the UE is required to try to decode the requested neighbour cells SIB. We touched that point briefly at the previous meeting when we tried to assess how many speech frames could be stolen (4 speech frames not too often).
In summary, the proposasl can be summarised as follows:

Proposal 1: the UE may use natural periods of inactivity provided by DRX and scheduling in the source cell to acquire CSG neighbour’s SIB.
Proposal 2: when the eNB asks the UE to decode the SIB for a given PCI, only if the UE does not already have the information (through autonomous acquisition or fingerprints info) it autonomously creates one SIB acquisition gap to decode it, regardless of DRX configuration and ongoing scheduling.

2.2
SIB Reporting

2.2.1
Content

At RAN#66bis, the following was agreed on SIB reporting [1]. 
-
UE shall send a measurement report that includes the result of the preliminary access check for CSG cells,  the cell global identity (E-CGI) and the tracking area identity (TAI). The trigger for sending this measurement report and the inclusion of other information in this report is FFS.
In the following, it will be explained why the CSG-ID is also required. 

In the current HO procedures the EPC is informed of the Global eNB ID and the TAI of the target cell via the Target ID IE included in the HO REQUIRED message. The EPC is not informed of any parameter specifically concerning the CSG ID of the target cell the UE is trying to handover to. 

Some might assume that the EPC would be able to deduce the CSG ID of a cell given its Global eNB ID or eventually its Cell Global ID (in case of HeNBs where Global eNB ID = CGI).  However, this is not the case especially if the HeNB GW supported scenario is considered. Indeed, the introduction of a HENB GW is mainly aimed at masking the EPC from keeping track of all the HeNB cells served by the HNB GW.  The S1 SETUP procedure for HeNBs connected to a HeNB GW will be terminated at the HeNB GW and not at the MME.  Consequently, the HeNB GW (and not the MME) will keep track of the mapping between CGI, Global eNB ID and CSG ID of each cell served by a connected HeNB.  When the HeNB GW will register with the MME via S1 SETUP it will not report any detail about the HeNB cells under its domain, but it will only report its Global eNB ID and its supported TAIs, therefore avoiding scalability issues.

However, the HO procedures are UE-associated and as such they shall be terminated at the MME. Namely, the HeNB GW will not be able to take part in these procedures by e.g. intercepting and modifying the HO messages. Therefore, in order to allow the MME to check whether the UE can access the target CSG cell, the CSG ID of such cell must be provided to the MME within the HO procedure. This will allow the MME to perform CSG access control (based on the UE subscriber information) without keeping track of the mapping between CSG ID and Global eNB ID of cells served by a HeNB GW. 

Proposal 3: in addition to the result of the preliminary access check for CSG cells, the cell global identity (E-CGI) and the tracking area identity (TAI), the CSG ID should also be reported by the UE.
2.2.2
Trigger
Having agreed what to report, come the questions of how and when. 

How: assuming that it is agreed to report the result of the preliminary access check for CSG cells, the cell global identity (E-CGI), the tracking area identity (TAI) and CSG-ID, one may wonder whether those should be reported always together or separately. For instance, together with a PCI, one could imagine reporting the result of the preliminary access check always if known by the UE. That would indicate to the eNB whether a gap will be required or not. But thanks to proposal 1 above, a SIB aquisition gap will only be required if necessary. Besides active mode mobility will always require all the information to be known at the eNB before initiating the handover. Thus, we do not see any benefit in reporting the information separately. When needed, the eNB simply asks for the information and the UE reports it after creating a SIB aquisition gap if necessary. Without proposal 1, a more complex alternative consists of the UE indicating whether the information is known for a given PCI, the eNB scheduling a gap if required and the UE finally reporting the information.
Proposal 4: when asked by the eNB, SIB decoding result of a neighbour (i.e. the result of the preliminary access check, E-CGI, TAI and CSG-ID) are always reported together.

When: in order to minimise UL overhead, a natural choice would be to report the information only when asked by the eNB. However, there are scenarios where always reporting the known information could benefit mobility procedures. Thus, we would like to propose to make it configurable.
Proposal 5: reporting by the UE of SIB decoding result (i.e. the result of the preliminary access check, E-CGI, TAI and CSG-ID) is configured by the eNB to be either:
-
along with each CGI PCI if available; or
-
only when explicitely asked for a given PCI.
3
Conclusions

A solution for inbound mobility towards CSG cells which minimise the impacts on ongoing services while keeping UE and eNB complexity increase at a minimum has been proposed. It consists of the following five proposals for CSG UEs:

Proposal 1: the UE may use natural periods of inactivity provided by DRX and scheduling in the source cell to acquire SIB of neighbour cells.
Proposal 2: when the eNB asks the UE to decode the SIB for a given PCI, only if the UE does not already have the information (through autonomous acquisition or fingerprints info) it autonomously creates one SIB acquisition gap to decode it, regardless of DRX configuration and ongoing scheduling.

Proposal 3: in addition to the result of the preliminary access check for CSG cells  the cell global identity (E-CGI) and the tracking area identity (TAI), the CSG ID should also be reported by the UE.

Proposal 4: when asked by the eNB, SIB decoding result of a neighbour (i.e. the result of the preliminary access check, E-CGI, TAI and CSG-ID) are always reported together.

Proposal 5: reporting by the UE of SIB decoding result (i.e. the result of the preliminary access check, E-CGI, TAI and CSG-ID) is configured by the eNB to be either:
-
along with each CGI PCI if available; or
-
only when explicitely asked for a given PCI.
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