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Introduction
In the legacy LTE network, CSG (Closed Subscriber Group) is a set of users which has a special permission (i.e. CSG ID) to camp on a specific cell. When a UE is in connected mode and is entering/leaving proximity of CSG cells, it sends proximity indication to the network to request appropriate information about the CSG cells. In this paper, we discuss how NB-IoT UE can detect CSG cells in connected mode.
Discussion
In the legacy LTE, when a UE in connected mode UE realizes that itself is entering/leaving the proximity, it sends proximity indication to the network. The purpose of this procedure is to obtain appropriate measurement configuration of the CSG cell so that the UE can detect the CSG cells. Receiving the information, the UE can measure the CSG cells and report the results to the network so that the UE may perform handover to the CSG cell if the measured quality is good enough.
Observation 1: In legacy LTE network, when a connected mode UE is entering/leaving proximity, the UE sends proximity indication to the network to get appropriate measurement configuration of the corresponding CSG cell.
However, to estimate the proximity, the UE needs to measure its location information regularly so that the complexity and power consumption of the UE might increase. As the two issues are very critical for NB-IoT UE, adapting proximity indication in NB-IoT or not shall be discussed carefully.
Observation 2: For low complexity and power consumption issue, it is not clear that NB-IoT UE can realize entering/leaving the proximity itself.
As mentioned in observation 1, the ultimate aim of the proximity indication is connected mobility to CSG cells. However, considering that connected mobility is not supported in NB-IoT, handover to CSG cell shall not be supported either. As a result, proximity indication for same purpose with legacy LTE seems unnecessary in NB-IoT.
Proposal 1a: For low complexity and power consumption issue, proximity indication of NB-IoT UE shall not be supported.
However, up to UE implementation issue, some NB-IoT UEs which need location information may support proximity estimation. In this case, when the network receives proximity indication, instead of providing measurement configuration of the corresponding CSG cells, there are two alternative procedures network can perform.

1. Send RRC connection release message so that the UE can get a chance to camp on CSG cell

· If the network determines that the UE does not have to be in connected mode anymore, the connection can be released. After moving back to idle mode, the UE can perform cell reselection and the CSG cells can be the candidate. As NB-IoT UE usually does not keep connection for a long time, supporting mobility to CSG by releasing the connection can be a solution.
2. Keep the RRC connection

· If the network receives the proximity indication but determines that the connection shall be kept more, no action will be done.
Proposal 1b: If an NB-IoT UE is able to realize whether itself is entering/leaving proximity, then the UE shall proximity indication to the network. Receiving the indication, it is up to the network decision whether to release or to keep the connection.

However, in case of releasing connection, CSG cells are not prioritized to camp on if no additional information is provided. So, similar with LTE network that the cell provides measurement configuration after receiving proximity indication, another solution shall be discussed to help the UE to detect the CSG cells. 
For the solution of this issue, we propose providing desired CSG cell list of the cell. Each cell has list of CSG cells recommended to camp on. Receiving the desired CSG cell list, the UE will use the list for performing idle measurement so that the CSG cell can be reselected if it satisfies ranking criteria. Following figures show the procedure if the CSG cell list is sent via RRC connection release message. This cell list can be provided via broadcast message or dedicated signalling by the cell.
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Proposal 2: It can be considered to provide desired CSG cell list by the serving to help the UE detecting CSG cells.

Conclusion

In conclusion, we propose the followings: 
Observation 1: In legacy LTE network, when a connected mode UE is entering/leaving proximity, the UE sends proximity indication to the network to get appropriate measurement configuration of the corresponding CSG cell.
Observation 2: For low complexity and power consumption issue, it is not clear that NB-IoT UE can realize entering/leaving the proximity itself.
Proposal 1a: For low complexity and power consumption issue, proximity indication of NB-IoT UE shall not be supported.
Proposal 1b: If an NB-IoT UE is able to realize whether itself is entering/leaving proximity, then the UE shall proximity indication to the network. Receiving the indication, it is up to the network decision whether to release or to keep the connection.

Proposal 2: It can be considered to provide desired CSG cell list by the serving to help the UE detecting CSG cells.
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3. Now the UE detects the CSG cell #2 as a first priority according to the given information. The UE will reselect the CSG cell if cell reselection rule is satisfied.





2. The UE moves back to idle mode and performs cell selection.





1. The UE receives desired CSG cell list in RRC connection release message.
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