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Introduction
In the meeting RAN#76, RAN has agreed not to introduce any CSG or similar concept in Rel-15 [1]. However, when a UE is camping on a NR cell, the UE may move on to LTE CSG cell. In this paper, we discuss about the considerations of CSG-related inter-RAT mobility from NR to LTE network.
Discussion
 In 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. Usually, the specific cell is a femto cell and called “CSG cell”. According to [2], when a UE in idle mode performs cell reselection, the UE shall use autonomous search function to detect at least previously visited CSG member cells on non-serving frequencies (i.e. inter-frequency cells), including inter-RAT frequencies and after camping on a CSG cell, the UE considers the current frequency to the highest priority frequency. In connected mode, there are two kinds of CSG-related procedures for the UE, proximity indication and reporting CGI. These procedures let and help the UE to move on to the CSG cell as much as possible.
Even though RAN has agreed not to introduce any CSG concept in Rel-15 [1], we need to consider the mobility cases of moving from NR cell to LTE CSG cell. The mobility cases can be divided into three parts according to UE states – RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE.
Observation:  For a UE which supports LTE CSG, mobility to the LTE CSG cell from NR shall be considered.
If the observation is acceptable to RAN2, we need to discuss how to support the mobility to LTE CSG cell when an NR UE is connected to or camped on the NR cell.
Proposal: If the observation is acceptable, RAN2 is kindly requested to further study followings to support the mobility to LTE-CSG cell from non-CSG NR cell. 

1. RRC_CONNECTED

 In RRC_CONNECTED state, a UE performs neighbor cell measurement in accordance with the network configuration, i.e. measurement configuration. Even though the UE finds an available CSG cell if corresponding frequency is not configured as a measurement object, the UE cannot report the measurement results of the CSG cell and gNB would not make a handover decision to the CSG cell. Hence, if a UE in connected mode prefers LTE CSG to non-CSG NR cell, the UE needs to inform the proximity of the CSG cell of the network so that the network configures the corresponding frequency as a measurement object to the UE. 
In addition, if a UE is camping on an NR cell and its coverage is much larger than LTE CSG cells, it is still possible that PCI confusion can be occurred for the NR network. In order to prevent the PCI confusion of the network and let the UEs to move on the correct CSG cells, reporting CGI shall be supported in Rel-15.
Therefore, if LTE CSG cell needs to be considered as a higher priority than non-CSG NR cell for LTE CSG capable UE, RAN2 is requested to study followings as candidate solutions to support handover to LTE CSG cell.
· LTE-CSG capable UE in connected state sends the proximity indication to gNB.

· LTE-CSG capable UE in connected state reports CGI when it is requested by gNB.
2. RRC_INACTIVE

When a UE is in inactive state, it still performs measurement and it is possible to enter the proximity of one or more LTE CSG member cells. In this case, there are two possible operations for the UE:

1. The UE moves on RRC_IDLE and try cell reselection to the LTE CSG cell. (The UE can use autonomous search function to scan the CSG cell)

2. If the UE has not received appropriate measurement configuration for the CSG cell, resume the RRC connection and send proximity indication to the network.
 However, resuming the RRC connection only for sending proximity indication seems wasting power consumption. So we propose the first operation which is much simpler.
To support cell reselection to LTE-CSG cell, followings can be considered as solutions for RRC_INACTIVE state UE:
· LTE-CSG capable UE in inactive state uses autonomous search function to find suitable LTE-CSG cell.
· If the UE finds a suitable LTE-CSG cell, it reselects to the LTE-CSG cell irrespective of the frequency priority configured by gNB.
3. RRC_IDLE

 According to [2], in the LTE network, cell reselection rule to/from CSG cell is as following.
	5.2.4.8
Cell reselection with CSG cells

5.2.4.8.1
Cell reselection from a non-CSG cell to a CSG cell

In addition to normal cell reselection, the UE shall use an autonomous search function to detect at least previously visited CSG member cells on non-serving frequencies, including inter-RAT frequencies, according to the performance requirements specified in [10], when at least one CSG ID with associated PLMN identity is included in the UE’s CSG whitelist. The UE may also use autonomous search on the serving frequency. The UE shall disable the autonomous search function for CSG cells if the UE’s CSG whitelist is empty.

NOTE:
The UE autonomous search function, per UE implementation, determines when and/or where to search for CSG member cells.

If the UE detects one or more suitable CSG cells on different frequencies, then the UE shall reselect to one of the detected cells irrespective of the frequency priority of the cell the UE is currently camped on, if the concerned CSG cell is the highest ranked cell on that frequency.

If the UE detects a suitable CSG cell on the same frequency, it shall reselect to this cell as per normal reselection rules (5.2.4.6.).

If the UE detects one or more suitable CSG cells on another RAT, the UE shall reselect to one of them according to [19].

5.2.4.8.2
Cell reselection from a CSG cell

While camped on a suitable CSG cell, the UE shall apply the normal cell reselection rules as defined in subclause 5.2.4.

To search for suitable CSG cells on non-serving frequencies, the UE may use an autonomous search function. If the UE detects a CSG cell on a non-serving frequency, the UE may reselect to the detected CSG cell if it is the highest ranked cell on its frequency.

If the UE detects one or more suitable CSG cells on another RAT, the UE may reselect to one of them if allowed according to [19].


 For the summary, when a UE is camping on a non-CSG cell, the UE uses autonomous search function to detect non-serving frequency CSG cells and then reselects to the CSG cell if the cell is the highest ranked cell on the frequency irrespective of the of the frequency priority. When a UE is camping on a suitable CSG cell, according to section 5.2.4.1 “Reselection priorities handling” of [2], the UE shall consider the current frequency to be the highest priority frequency and then apply the normal cell reselection rules.
As CSG cell is not introduced yet in Rel-15, we only need to consider the cell reselection from NR non-CSG cell to LTE CSG cell. Assuming that the basic concept shall follow the legacy LTE network, when a UE is camping on a normal NR cell, cell reselection rule to the legacy LTE CSG cell shall be same with the section 5.2.4.8.1 “Cell reselection from a non-CSG cell to a CSG cell” described above.
Similar with RRC_INACTIVE case, to support cell reselection to LTE-CSG cell, followings can be considered as solutions for RRC_IDLE state UE:

· LTE-CSG capable UE in idle state uses autonomous search function to find suitable LTE-CSG cell.
· If the UE finds a suitable LTE-CSG cell, it reselects on the LTE-CSG cell irrespective of the frequency priority configured by gNB.
Conclusion

In conclusion, we propose the followings: 
Observation:  For a UE which supports LTE CSG, mobility to the LTE CSG cell from NR shall be considered.

Proposal: If the observation is acceptable, RAN2 is kindly requested to further study followings to support the mobility to LTE-CSG cell from non-CSG NR cell. 

· For an UE in CONNECTED,

· UE sends the proximity indication to gNB.

· UE reports CGI when it is requested by gNB.

· For an UE in INACTIVE,
· LTE-CSG capable UE in inactive state uses autonomous search function to find suitable LTE-CSG cell.
·  If the UE finds a suitable LTE-CSG cell, it reselects to the LTE-CSG cell irrespective of the frequency priority configured by gNB.
· For an UE in IDLE,
· LTE-CSG capable UE in idle state uses autonomous search function to find suitable LTE-CSG cell.
·  If the UE finds a suitable LTE-CSG cell, it reselects on the LTE-CSG cell irrespective of the frequency priority configured by gNB.
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