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1
Introduction
Since RAN2#66 meeting, various companies have provided their views on possible solutions for mobility to CSG cells in CELL_DCH state [5]. So far only a few solutions appear to be acceptable to the majority, and the details of those solutions have not been discussed – i.e. these are not complete solutions, however can be considered as building blocks making up parts of the complete solution. 
In this document we discuss how these parts can be considered along with the other factors to obtain a practical and complete solution to CELL_DCH mobility, and focuses on what else will be needed in order to achieve successful CSG cell detection, PSC/PCI confusion resolution, and handover to a UTRA or E-UTRA CSG cell. In particular, we discuss what kind of improvements are needed to the measurement control and reporting procedures in order to enable CSG PSC/PCI confusion resolution, preliminary access checking, and also ways to minimise the need assignment of longer gaps. It’s further discussed how we can reduce the delay introduced by performing the radio link failure recovery procedure. These kind of improvements will almost certainly be necessary regardless of the solution chosen for the PSC/PCI confusion reslolution mechanism.
The principles discussed apply while camped on a UTRA macro cell, however some of these principles can be considered to apply also when camped on E-UTRA (e.g. how to determine if/when to assign gaps for acquisition of target cell system information)
2
Handover preparation

2.1
Intra-frequency CSG cell handover evaluation
The unanimous opinion on intra-frequency handover evaluation appears to be to go for the reading of target cell system information while in CELL_DCH, in order to obtain “Cell Identity” for PSC confusion resolution, and to obtain “CSG ID” for preliminary access checking. This is solution A.1 in [5]
Although this may be suitable as a baseline procedure needed when PSC confusion exists, it should be possible under NW control to enable and disable this (e.g. in case the NW is confident no PSC confusion exists). If for example the NW has deployed hybrid cells only, and a limited number only – then the NW may want to always allow handover access and never be in confusion of PSC. In this case, the UE automatically checking the target cell system information serves no purpose + will slow down the handover evaluation phase, increasing the risk of radio link failure. 

In general, the network makes handover decisions based on measurement report messages, configured by measurement control messages and/or system information. Existing intra-frequency measurement events are designed to work with UTRA neighbour cell list. Further, measurement reports containing these events are based on “Cell ID” which is only available when the UE has stored the cells in CELL_INFO_LIST. Therefore it is not possible to use currently defined measurement events to report CSG cells not in the neighbour list.

A new intra-frequency measurement event will be needed, specifically to trigger reports on detected CSG and/or hybrid cells containing. Network should be able to create a separate event for hybrid cells and CSG cells in case the configuration and handling need to be different in different deployment scenarios, or set up in a single event in case the treatment should be consistent. 

Configuration: 

- Hybrid and/or CSG PSC ranges

- Threshold for reporting (RSCP, Ec/Io)

- Cell Identity required: yes/no

Report:

- Event identity. Same as existing measurement reports.

- PSC (always). UE reports detected PSC of CSG and/or hybrid cell reserved ranges. Similar to existing measurement report for NCL cells, except that PSC is reported instead of “Cell ID” (Cell ID maps neighbour list to frequency and PSC)
- RSCP / Ec/Io of detected cells. Same as existing intra-frequency measurement report.
- Cell Identity (when enabled). UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

- CSG ID. UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

Proposal 1: Define new intra-frequency measurement event for detection of intra-frequency CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report)
2.2
Inter-frequency CSG cell handover evaluation
The vast majority opinion on inter-frequency handover evaluation appears to be to go for the reading of target cell system information during “measurement gaps” assigned by the network while in CELL_DCH, in order to obtain “Cell Identity” for PSC confusion resolution, and to obtain “CSG ID” for preliminary access checking. This is solution C.2 in [5]
Similar to the intra-frequency case, performing measurements and evaluating measurement events depends on the UE having stored the individual cells in the neighbour cell list ( CELL_INFO_LIST ) + the cell is identified in the measurement report by using “Cell ID” obtained from the neighbour cell list. Therefore for the same reasons it is proposed to add a new inter-frequency event for measuring and reporting inter-frequency CSG/hybrid cells.
Configuration: 

- Hybrid and/or CSG PSC ranges

- Threshold for reporting (RSCP, Ec/Io)

- Cell Identity required or gap assigned.

Report:

- Event identity. Same as existing measurement reports.

- PSC

- RSCP / Ec/Io of detected cells. Same as existing inter-frequency measurement report.

- Cell Identity (when enabled and/or gap assigned). UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

- CSG ID. UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

Proposal 2: Define new inter-frequency measurement event for detection of intra-frequency CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report)
This scenario is rather more complicated than the intra-frequency case, first of all due to the gaps required in order for the UE to be able to read the target cell system information, which may result in some impact to service reception, but also due to the UEs which are not able to detect inter-frequency cells without at least compressed mode gaps. It’s well known that the activation of compressed mode impacts the cell capacity, and as such it is desirable from a system perspective to minimise the number of users with compressed mode active at any given time. 

In current mobility procedures, compressed mode is generally activated when the strength of the serving cell goes below a given threshold (event 1d). In case of what has been referred to as a coverage handover, this principle would still apply – compressed mode can be activated when the UE reports event 1d. In the case of what has been referred to as a service handover, such event may not be triggered; therefore we have the question of when compressed mode and/or longer gaps to obtain system information should be activated, and what should be the trigger.

1. Activation of compressed mode. 

In case of the UE not supporting any fingerprint at all, then there is no way to detect proximity to a CSG cell. There are then 2 options remaining. 

a) Have compressed mode active at all times. As mentioned above, this is undesirable from a system perspective, limiting cell capacity.

b) UE periodically requests compressed mode to perform inter-frequency scan. This minimises the impact to cell capacity. 

In case the UE supports some basic fingerprinting, for example is able to detect some form of proximity to the CSG cell, but it is unknown whether UE is in coverage of the cell, it should be possible to trigger a request for compressed mode in order to investigate further (i.e. perform cell detection during compressed mode gaps).
This could easily be achieved by sending an initial measurement report containing the event ID, but without PSC, Cell Identity or CSG ID. Optionally an additional parameter or flag could be used to indicate that this is the purpose of the report (e.g. fingerprint with low confidence or accuracy, periodic request)

Proposal 2.1: UE is able to trigger an initial CSG detection event, in order to request compressed mode gaps, either by using fingerprint information, or by periodic request (period TBD).
2. Assignment of gaps to obtain system information. 
In case the UE is able to detect and report the PSC of a CSG cell – this in some cases may be enough for the NW to decide that handover is allowed, and issue the handover command (e.g. Physical Channel Reconfiguration). In other cases the NW may require the UE to perform preliminary access check based on CSG ID, and/or report the Cell Identity to resolve PSC confusion. In those cases a longer gap needs to be assigned in order for the UE to switch to the target cell frequency and read system information. Clearly such gaps should be minimised, and the frequency of which these are assigned should also be minimised. 

The trigger for such gaps should be only in 2 cases. 

a) UE detects the PSC of a candidate CSG cell. This may be a result of the previously activated compressed mode, or depending on UE capability, this may be a result of detected and reported PSC without compressed mode. 

b) UE fingerprint information. In case the UE fingerprint is advanced enough to confidently report that it is under the coverage of a candidate CSG cell. This may or may not include detection of the PSC.

This could easily be achieved by sending a measurement report containing the event ID and PSC, but without Cell Identity or CSG ID. Optionally an additional parameter or flag could be used to indicate that this is the purpose of the report (e.g. fingerprint with medium confidence or accuracy, PSC detected)

Proposal 2.2: UE is able to trigger an initial or follow-up CSG detection event, in order to report the PSC - either by using fingerprint information, by autonomous detection of PSC (depending on UE capability) or as a result of compressed mode activation. 
3 Handover Execution.
Once the network is confident that the probability of handover is good, then it can issue the handover command (e.g. physical channel reconfiguration). This may in some cases be a result of the UE reporting PSC. In cases requiring preliminary access check or PSC confusion resolution this would be a result of the UE having read the target cell system information, possibly during assigned gaps. Alternatively some UE may be capable of performing the reading of target cell system information without a gap (e.g. dual receiver UE, optimised system information during DRX/DTX) or may have an extremely accurate fingerprint mechanism which is able to detect that the UE is in the coverage of a specific home cell. 

Since the steps required really depend on the capability of the UE, and may depend on the fingerprint implementation of the UE, and that the activation of compressed mode and assignment of longer gaps should be minimised to avoid impact to service and network capacity, then if the UE is able to utilise additional capability to assist in the handover evaluation then it should do so. In order to allow this, the UE should be able to report the Cell Identity of the target cell.
This could easily be achieved by sending a measurement report containing the event ID, PSC, and Cell Identity (+CSG ID). Optionally an additional parameter or flag could be used to indicate that this is the purpose of the report (e.g. fingerprint with high confidence or accuracy, Cell Identity obtained)

Proposal 2.3: UE is able to trigger an initial or follow-up CSG detection event, in order to report the Cell Identity (+CSG ID) - either by using fingerprint information, by autonomous reading of system information (depending on UE capability) or as a result of assignment of larger gaps. 
2.2
Inter-RAT to EUTRA CSG cell handover evaluation
Inter-RAT handover evaluation has not been discussed in [5] however in case the EUTRA->EUTRA case is the reading of target cell system information during “measurement gaps” assigned by the network while in connected mode, in order to obtain “CGI” for PCI confusion resolution, and to obtain “CSG ID” for preliminary access checking, then it is relatively straightforward to implement a similar mechanism for inter-RAT UTRA->EUTRA handover evaluation as for UTRA inter-frequency.
Similar to the intra-frequency case, performing measurements and evaluating measurement events depends on the UE having stored the individual cells in the neighbour cell list ( CELL_INFO_LIST ) + the cell is identified in the measurement report by using “Cell ID” obtained from the neighbour cell list. Therefore for the same reasons it is proposed to add a new inter-frequency event for measuring and reporting inter-frequency CSG/hybrid cells.

Configuration: 

- Hybrid and/or CSG PCI ranges

- Threshold for reporting (RSRP)

- Cell Identity required or gap assigned.

Report:

- Event identity. Same as existing measurement reports.

- PCI
- RSRP / RSRQ of detected cells. Same as existing inter-RAT measurement report.

- CGI (when enabled and/or gap assigned). UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

- CSG ID. UE reports this for cells which match CSG ID in case of CSG cell, or for all detected hybrid cells. 

Proposal 3: Define new inter-RAT measurement event for detection of inter-RAT EUTRA CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report). Triggers and content of report can be similar to the stages proposed above for inter-frequency
Proposal 3.1 – 3.3: Inter-RAT equivalent of 2.1 – 2.3.
3
Radio Link Failure

One of the main issues with intra-frequency handover evaluation is likely to be interference from the CSG cell, on the macro cell. In many cases, radio link failure could occur during handover evaluation + before UE is able to decode and report the Cell Identity of the target cell to the source cell. Such situations can be minimised, for example, by enabling reporting of “Cell Identity” only when PSC confusion is required to be resolved. In scenarios where PSC is sufficient then detection of PSC only should be enabled – this will speed up the handover evaluation considerably as reception of system information is not required. 

This however does not avoid the situation completely. In today’s specification we have the radio link failure mechanism in place already to recover from such a situation. 

- In case N313 out-of-sync frames are detected

- UE starts timer T313 (default value 3 seconds)

- If UE does not detect in-sync during that time, then UE performs cell selection + Cell Update procedure on the new cell.

In case of a suitable intra-frequency CSG cell being the cause of the radio link failure, it would be desirable to minimise service interruption caused. This can be minimised, by not waiting for T313 expiry and not performing cell selection. In case RLF occurs during CSG handover preparation, then UE could immediately attempt access on the target CSG cell. In case access is not allowed, then UE can wait for timer T313 and perform cell selection as normal. 


[image: image1]
For inter-frequency and inter-RAT case, this scenario is less likely – however not impossible. The same mechanism can be used to speed up the completion of radio link failure recovery. That is, not to wait for timer T313 to expire – attempt access on the target CSG cell immediately (in inter-freq case this is Cell Update, in inter-RAT case this is RRC re-establishment request) and only in case of no access allowed, perform cell selection after T313 expiry (normal recovery procedure)

Proposal 4: In case of radio link failure detection during handover evaluation of a CSG/hybrid cell, UE does not wait for T313 expiry or perform cell selection. Instead UE reads system information of the target CSG cell and immediately performs Cell Update (or RRC re-establishment request) if access is allowed. If access is not allowed, only then UE waits for T313 and performs cell selection. 

4
Conclusion
In this document we have proposed a more overall and complete solution in order to achieve mobility in CELL_DCH state to UTRA CSG cells, and suggest a way to implement this for inter-RAT to EUTRA CSG cells also. 
The small details are left to stage 3 discussions and the details of the large measurement gaps for system information is not defined, however whichever method to perform system information is chosen will fit with the above solutions. 
The UE is able to utilise any additional capability, including any fingerprint capability, in order to optimise the procedure to maximise handover performance, minimise impact to service and system capacity. 

In summary we have made 4 main proposals, with further detailed proposals in order to optimise the solution.

Proposal 1: Define new intra-frequency measurement event for detection of intra-frequency CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report)

Proposal 2: Define new inter-frequency measurement event for detection of intra-frequency CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report)
Proposal 2.1: UE is able to trigger an initial CSG detection event, in order to request compressed mode gaps, either by using fingerprint information, or by periodic request (period TBD).
Proposal 2.2: UE is able to trigger an initial or follow-up CSG detection event, in order to report the PSC - either by using fingerprint information, by autonomous detection of PSC (depending on UE capability) or as a result of compressed mode activation. 
Proposal 2.3: UE is able to trigger an initial or follow-up CSG detection event, in order to report the Cell Identity (+CSG ID) - either by using fingerprint information, by autonomous reading of system information (depending on UE capability) or as a result of assignment of larger gaps. 

Proposal 3: Define new inter-RAT measurement event for detection of inter-RAT EUTRA CSG/hybrid Cells + reporting of Cell Identity (and CSG ID) when enabled by the NW. Configuration and reporting is done using the existing mechanisms and messages (e.g. measurement control, measurement report). Triggers and content of report can be similar to the stages proposed above for inter-frequency

Proposal 3.1 – 3.3: Inter-RAT equivalent of 2.1 – 2.3.
Proposal 4: In case of radio link failure detection during handover evaluation of a CSG/hybrid cell, UE does not wait for T313 expiry or perform cell selection. Instead UE reads system information of the target CSG cell and immediately performs Cell Update (or RRC re-establishment request) if access is allowed. If access is not allowed, only then UE waits for T313 and performs cell selection. 
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