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1
Introduction
This contribution outlines a solution for inbound mobility towards UTRA CSG cells which minimise the impacts on ongoing services while keeping UE and NB complexity increase at a minimum. The principles and proposals are very similar to those discussed in [1]  and the proposals have also been covered to the most extent already in [2]. 
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
For the inter-frequency case in UTRA, we must consider the UE which requires compressed mode to perform inter-frequency measurements (that is to detect and measure inter-frequency CSG cell PSC). As a preliminary step to NW initiated SIB acquisition, the UE may need to request compressed mode to be activated based on fingerprint information. If the UE is capable of performing inter-frequency measurements without compressed mode, then this step is not necessary. If the UE does not have stored fingerprint information then the UE needs to periodically request compressed mode (at the times when it needs to perform autonomous search). 

Without a dual receiver, inter-frequency SIB acquisition always requires a gap. Gaps created by existing methods (i.e. compressed mode or DTX/DRX) are not sufficiently long to acquire SI on another cell. In case of CSG, we propose to also allow the autonomous creation of neighbour cell SIB acquisition gaps (hereafter referred to as SIB acquisition gap) outside the periods allowed by DTX/DRX and compressed mode. But in order to limit the impacts of such gaps, they should only be created when triggered by the NW. 
It was agreed already that for intra-frequency SIB acquisition, the CSG UE shall support this in parallel to data transmission/reception on the source cell. Therefore in the intra-frequency case no SIB acquisition gaps are required, however due to the relatively long delay required to obtain SI even on the same frequency, this procedure should be performed autonomously only when configured by the NW, otherwise it should only be when triggered by the NW.

So the two phases for SIB acquisition we see are:

-
Autonomous SIB acquisition: where the UE uses inbuilt capability to acquire CSG neighbour’s SIB. The only requirement of such a procedure is that it shall not impact scheduling in the serving cell. For intra-frequency, Rel-9 CSG UEs should be capable of this, however in the inter-frequency case only some UE (e.g. those with a dual receiver) may be capable.
-
NW initiated SIB acquisition: where the NW asks the UE to decode the SIB of a given PSC. Only if the UE does not already have the information (through autonomous acquisition or fingerprint info) it autonomously creates one SIB acquisition gap to decode it, regardless of the ongoing service. 
The procedure described above ensures that SIB acquisition gaps are only created only when PSC confusion exists and when the UE does not already know the information. 
Requirements for autonomous gaps after NB 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 long SIB acquisition can be expected to take. This would heavily depend on the CSG cell system information scheduling.
In summary, the proposal for SIB acquisition can be summarised as follows:

Proposal 1: the UE may request compressed mode activation for inter-frequency CSG measurements, based on fingerprint information or periodic search. (This step can be skipped by UEs not requiring compressed mode)
Proposal 2: the UE may autonomously acquire CSG neighbour’s SIB when this is enabled by the NW for the inter-frequency case, and the UE shall autonomously acquire CSG neighbour’s SIB when this is enabled by the NW for the intra-frequency case.
Proposal 3: when the NW asks the UE to decode the SIB for a given PSC, 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 the ongoing service. 

Proposal 3a: Open issues:
-  Maximum gap length needs to be defined (Constant value, or NW configurable?). 

– How does NW know not to trigger RLF (e.g should RLF timer always be longer than the maximum gap)?
- How to re-establish power control on returning to the macro cell (e.g. sync procedure A)?

2.2
SIB Reporting

2.2.1
Content

In the following, it will be explained why the CSG-ID is also required. 

Similar to the justification given in [1] , the introduction of a HNB GW is mainly aimed at masking the RNC from keeping track of all the HNB cells served by the HNB GW.  Consequently, the HNB GW (and not the SGSN/MSC) will keep track of the mapping between Cell Identity and CSG ID of each cell served by a connected HNB.  

The HO procedures are UE-associated and as such they shall be terminated at the SGSN/MSC. Namely, the HNB 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 SGSN/MSC to check whether the UE can access the target CSG cell, the CSG ID of such cell must be provided to the SGSN/MSC within the HO procedure. This will allow the SGSN/MSC to perform CSG access control (based on the UE subscriber information) without keeping track of the mapping between CSG ID and Cell Identity of cells served by a HNB GW. 

Proposal 4: in addition to the result of the preliminary access check for CSG cells, and the Cell Identity, 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 Identity and CSG-ID, one may wonder whether those should be reported always together or separately. For instance, together with a PSC, one could imagine reporting the result of the preliminary access check always if known by the UE. That would indicate to the NB whether a gap will be required or not. But thanks to proposal 2 above, a SIB acquisition gap will only be required if necessary. Besides, active mode mobility will always require all the information to be known at the NB before initiating the handover. Thus, we do not see any benefit in reporting the information separately if it is available. 
When needed (i.e. if the UE reports PSC but without SI information), the NB simply asks for the information and the UE reports it after creating a SIB acquisition gap if necessary. 
Proposal 5: when asked by the NB, SIB decoding results of a neighbour (i.e. the result of the preliminary access check, Cell Identity 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 NB. 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 6: reporting by the UE of SIB decoding result (i.e. the result of the preliminary access check, Cell Identity and CSG-ID) is configured by the NB to be either (in both intra-freq and inter-freq cases):
-
Along with each CSG PSC if available; or
-
Only when explicitly asked for a given PSC.
The final point, which is quite specific to UTRA, is that the existing measurement events allow only for particular triggering conditions. 

In the case of intra-frequency events, and depending on the event definition- cells triggering the event can be  active set, monitored set, or detected set cells (in some cases a combination of types). Therefore changes must be introduced first of all, in order that UE can trigger specifically from cells which are in the CSG PSC range. 
Furthermore, there are no existing inter-frequency events which can be triggered by specific cells. All existing inter-frequency events are triggered by the frequency - individual cell information is included in the report only, but currently cannot allow one cell (e.g. CSG cell) to trigger event, and not another (e.g. macro cell) not to trigger the event.

For inter-RAT events, it also needs to be possible to allow CSG cells, but not macro cells to trigger the event.

The two options would be to:

a) Update existing measurement event configurations to enable PSCs of CSG range cells to trigger the event, with additional Cell Identity and CSG ID if available. 
b) Create new measurement event configurations specifically for reporting of CSG cells.
Given that these events require CSG specific event configuration, and need to report specific CSG information to be reported, it makes more sense to create new measurement events for intra and inter-frequency CSG rather than try to change existing events which are currently used for specific purposes. 
Proposal 7: Define new measurement events for triggering inter-frequency, intra-frequency and inter-RAT CSG cell reporting.

Proposal 7a: Which events are required? (Are events similar to 1c, 2c, 3c sufficient?) 
3
Conclusions

We have outlined in this document the steps required in order to support inbound mobility to UTRA CSG cells, while minimising the impact to ongoing services and keeping UE and NB complexity increase to a minimum. 

Proposal 1: the UE may request compressed mode activation for inter-frequency CSG measurements, based on fingerprint information or periodic search, in order to detect CSG PSC. (This step can be skipped by UEs not requiring compressed mode)
Proposal 2: the UE may autonomously acquire CSG neighbour’s SIB when this is enabled by the NW for the inter-frequency case, and the UE shall autonomously acquire CSG neighbour’s SIB when this is enabled by the NW for the intra-frequency case.
Proposal 3: when the NW asks the UE to decode the SIB for a given PSC, 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 the ongoing service. 

Proposal 3a: Open issues:
-  Maximum gap length needs to be defined (Constant value, or NW configurable?). 

– How does NW know not to trigger RLF (e.g should RLF timer always be longer than the maximum gap)?

- How to re-establish power control on returning to the macro cell (e.g. sync procedure A)?

Proposal 4: in addition to the result of the preliminary access check for CSG cells, and the Cell Identity, the CSG ID should also be reported by the UE.

Proposal 5: when asked by the NB, SIB decoding results of a neighbour (i.e. the result of the preliminary access check, Cell Identity and CSG-ID) are always reported together.

Proposal 6: reporting by the UE of SIB decoding result (i.e. the result of the preliminary access check, Cell Identity and CSG-ID) is configured by the NB to be either (in both intra-freq and inter-freq cases):
-
Along with each CSG PSC if available; or
-
Only when explicitly asked for a given PSC.
Proposal 7: Define new measurement events for triggering inter-frequency, intra-frequency and inter-RAT CSG cell reporting.
Proposal 7a: Which events are required? (Are events similar to 1c, 2c, 3c sufficient?) 
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