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Cell reselection to CSG in PTM in Rel-8
1 Introduction
In last GP#45 meeting, it was agreed in [1] that in Rel-8 when CCN to UTRAN/E-UTRAN is enabled in NC0 or NC1 mode, the MS can send a PCCN with a proposed target CSG cell. The purpose of sending a PCCN with a CSG cell is to trigger the autonomous cell reselection towards to a CSG cell. This paper focuses on the Rel-8 autonomous CSG cell reselection in PTM, and discusses the problems if the agreed proposal is applied, and further gives some candidate solutions to solve these problems.
2 Problem
1. Purpose of sending PCCN with a CSG cell
According to CR [1], the purpose of sending PCCN with a proposed candidate CSG is to trigger the autonomous cell reselection to CSG cells and the network can also have a mechanism to prevent this CSG cell reselection. The possible operations after sending PCCN are as following:
· The network sends PCCC to trigger autonomous cell reselection to CSG cell.

· The network sends PCCO to the proposed candidate CSG cell in PCCN 
· The network sends nothing, after T3208/3210 expires, the MS will leave CCN mode and autonomously reselect to a CSG cell.

· The network sends PMO to set NC2 mode to prevent the CSG cell reselection. 
· The network sends PCCO to a macro cell reported in PCCN.
If the main purpose is to enable the CSG autonomous cell reselection, a simple way is just to leave the CSG cell reselection in PTM as MS implementation without sending any PCCN and no PCCO or PCCC is needed. If the network wants to prevent this CSG cell reselection in PTM, the network can just configure the NC mode to NC2 (setting NC2 will impact the NACC to macro GSM cell, see point 6). 
2. Scenarios to prevent autonomous cell reselection to CSG in PTM
It is also questioned whether the scenario exist to prevent the CSG cell reselection in PTM. The reasons are as following:

· PS service is not like CS emergency call; the network wants the MS to stay in the macro cell if the service is CS emergency call. But for PS service, we do not find out a case to require the MS to stay in the macro GSM cell. So it is assumed that the network does not need to prevent MS's CSG autonomous cell reselection based on the type of PS service.
· Another possible reason to prevent this CSG cell reselection in PTM is load balance. The network may try to keep the MS in macro cell for the proposed target CSG in PCCN is over burden and send a PCCO to a macro cell. Because according to the reported freq and PSC/PCI in PCCN, the network can not identify which CSG cell is over burden for PSC/PCI confusion may exist.
3. Criteria of sending PCCN with Rel-8 CSG 

Because the purpose to send PCCN with a CSG cell is to trigger the autonomous CSG cell reselection, the criteria to send PCCN with a CSG in PTM should be consistent with the criteria of the CSG cell reselection in (packet) idle mode.
According to the description in 45.008, the criteria for CSG cell reselection is the target cell shall the strongest suitable CSG cell on a UTRAN/E-UTRAN frequency. The “suitable CSG cell” refers to an “allowed CSG cell”. But for a Rel-8 CSG capable MS, the MS can not identify a strongest cell is allowed or not allowed because SI reading in PTM is not supported. Therefore, if the Rel-8 CSG capable MS chooses to send a PCCN with a proposed candidate CSG cell, the MS should guarantee that the proposed target CSG cell should be an allowed cell which requires the MS to acquire the SI before sending PCCN. Otherwise, inconsistency will happen as following:
· Criteria for CSG cell reselection in idle mode are inconsistent with the criteria for CSG cell reselection in PTM in Rel-8;

· Criteria for CSG cell reselection in PTM in Rel-8 are inconsistent with CSG cell reselection in PTM in Rel-9. 
Note: For Rel-9, because Rel-9 CSG capable MS can read SI in PTM, the criteria of sending PCCN with a proposed target CSG is consistent with the criteria of CSG cell reselection in idle mode. The proposed target CSG cell in PCCN is always “suitable”.
4. Failure risk when sending PCCO to response PCCN

When 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE is enabled and NC0 or NC1 is configured, if the CSG capable MS is not required to acquire the SI of the proposed target CSG cell before sending PCCN, the proposed target CSG may be a not allowed cell to this MS. If the network orders the MS to a not allowed cell by sending PCCO, cell change failure will happen and PCCF can not be avoided. So a lot of radio blocks may be wasted by these PCCN and PCCF messages sent from the MS, and the network has no idea whether the proposed CSG cell in PCCN is allowed or not, thus the network has no idea whether to send PCCO to CSG or to send PCCC. 
5. Binding CCN to CSG cells and CCN to macro cells to support autonomous cell reselection to CSG cells

According to [1], the autonomous cell reselection to CSG cells is bind with the 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE parameters for macro cells in NC0 and NC1 mode. This combination will bring following problem:
· If 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE is enabled, the Rel-8 CSG capable MS (CSG white list is not empty) shall initiate the legacy CCN procedure by sending PCCN with a target CSG cell, thus the network can order the MS to perform autonomous cell reselection to CSG cells by sending PCCC. In most cases, this CSG cell reselection is encouraged. This will cause a lot of PCCN and PCCC messages via Um because the amount of CSG cells is quite large which is considered as an unwanted radio resource waste.

· If 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE is disabled, the CSG capable MS shall not initiate CCN procedure but just autonomously reselect to CSG cells, thus no PCCN and PCCC for CSG cells will occur via Um which will bring no burden for the Um. Because the operating strategy is combined for CSG and macro cells, if the operator wants to enable CCN to macro cells, there is no means to avoid the radio resource consumption caused by PCCN/PCCC for CSG cells.
6. Shut down the autonomous cell reselection to CSG by configuring NC2 mode

To forbidden the autonomous cell reselection to CSG cells, the only way is configuring the NC mode to NC2. If NC mode is configured to be NC2, the mobility to macro cells in PTM is completely under the network control. And if the network does not support PS handover to macro cells, to move the legacy MS to a neighbor macro cell, the only way is sending PCCO based on the measurement reports. Especially for the neighbor GSM cells, even the network support NACC to GSM cells, but because NACC procedure can not be used in NC2 mode, a long time interruption can not be avoid which is brought by the SI reading of the target GSM cell. And now, in some market the CCN_ACTIVE is set to 1 and CCN_SUPPORT is also set 1, i.e. NACC to a GSM cell is deployed. Changing NC mode to NC2 to prevent CSG cell reselection will impact current operating strategy for legacy GSM cells.
7. Inconsistency in current spec if PCCN to CSG is allowed in Rel-8

（I）Inconsistency in spec
· Rel-8 TS 45.008 sec 10.1.3.4 said,
The MS is not required to consider CSG cells for measurement and cell re-selection while in packet transfer mode.

· Postponed CR GP-100515 said,
As an exception, if the MS chooses to reselect to a cell which is known to be a CSG cell and, as a result, a PACKET CELL CHANGE NOTIFICATION message is sent (see 3GPP TS 44.060), the appropriate reporting quantity shall be included.

Based on above inconsistent description, for the Rel-8 CSG capable MS whether it is supposed to measure CSG cell or not, and whether it is supposed to cell reselect to CSG cell or not in PTM.

（II）function of sending CSG information in PMO
Currently, only 3G CSG split and E-UTRAN CSG split information are signaled Rel-8 extension in PMO. The original purpose to signal CSG split in PMO is to avoid the measurement and report for CSG cells for the CSG capable MS. Because no inbound mobility is supported in PTM, thus it is not necessary to measure and report CSG cells in PTM.

But the purpose to support cell reselection to CSG cells in PTM in NC0 and NC1 mode is different from the original one. To support CSG cell reselection in PTM, the CSG capable MS shall measure and report target CSG cell in PCCN in the fingerprint, it is conflict to the original purpose. Thus the network shall send all CSG related information (including CSG split and dedicated frequency information) in PMO to inform the MS to measure CSG cells.

3 Solution

To solve all above problems, following are proposed candidate solutions for Rel-8 CSG cell reselection in PTM:
(1) It is MS freedom to decide whether to reselect to a CSG cell in NC0 or NC1 irrespective 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE for macro cells is enabled or not. No PCCN with a proposed candidate target CSG cell should be sent by the MS and no PCCC or PCCO to a CSG cell should be responded by the network.
(2) No autonomous cell reselection to CSG cell is allowed in NC2 mode, and the network can reconfigure NC mode to NC2 to prevent this CSG cell reselection. 

(2a) this is an alternative to (2). Considering NACC to macro GSM cell is impacted by configuring NC mode to NC2, it is proposed to introduce a new indicator to prevent CSG cell reselection instead of NC2 mode.

4 Conclusion
This paper analyzes the problems if PCCN to CSG is supported in Rel-8. To solve all above problems, following are proposed candidate solutions for Rel-8 CSG cell reselection in PTM:

(1) It is MS freedom to decide whether to reselect to a CSG cell in NC0 or NC1 irrespective 3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE for macro cells is enabled or not. No PCCN with a CSG cell should be sent by the MS and no PCCC or PCCO to a CSG cell should be responded by the network.

(2) No autonomous cell reselection to CSG cell is allowed in NC2 mode, and the network can reconfigure NC mode to NC2 to prevent this CSG cell reselection. 

(2a) this is an alternative to (2). Considering NACC to macro GSM cell is impacted by configuring NC mode to NC2, it is proposed to introduce a new indicator to prevent CSG cell reselection instead of NC2 mode.
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