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1. Introduction
CSG (Closed Subscriber Group) is supported in LTE specifications and provides functionality for exclusive (or prioritized) access of specific users to certain cells.

SA1 has considered the possible need for the extension of the CSG concept to NG-RAN, and has sent out an LS [1] to multiple groups on this topic. 

RAN#76 has discussed this issue and agreed “to not introduce any CSG or similar concept in release-15”. However, RAN2 has also tasked RAN2 “to investigate and specify necessary forward compatibility mechanisms in release-15 so that a feature similar (but not necessarily identical) to the current CSG could be introduced in a future release in a backwards compatible manner.”. [2]

In this contribution, we discuss the RAN2 task on specifying the necessary mechanisms for forward compatibility of a CSG-like feature in the future.
2. Discussion
In the LS [1], SA1 has noted that when CSG was defined for UMTS in Rel-8 compatibility problems with pre-Rel-8 UEs occurred which led to complex solutions and deployments. Therefore, SA1 has requested that support of the concept of CSG is considered for inclusion in the initial design for 5GS.
It should be noted that a CSG type functionality should not necessarily be tied to HeNBs as is the case in UTRAN/E-UTRAN. For example, such feature can allow deployments where an operator can use a part of the network only for certain member UEs. This will be more efficient compared to other possible mechanisms such as access control.

Since RAN#76 has decided that a full CSG solution will not be part of Rel-15, we will focus on the minimum support needed to guarantee forward compatibility, i.e. to prevent any backwards compatibility issues when a similar feature is introduced in future releases.

We will assume that CSG type feature which can potentially be introduced in the future will enable only certain UEs (members in CSG concept) to access a cell. In that case, the legacy UEs (such as Rel-15), which are not aware of this feature at a given cell, will attempt to camp on and access this cell. This will cause unnecessary signaling and power and ultimately resulting in connection rejection. 
The minimum level of support needed to prevent this is to guarantee that a UE which is not aware of CSG type feature should avoid such cells, i.e. not camp on them. To enable this, the cell should broadcast whether it is only accessible to member UEs. This will be similar to E-UTRAN broadcasting csg-Indication in SystemInformationBlockType1.
Proposal 1: NG-RAN will support broadcasting an indication for cells which are accessible to only UEs which have “membership” status with this cell.

In addition, the cell selection/reselection procedures should account for this indication broadcasted by the cell where the UE does not attempt to camp on a cell if it does not support this feature. For example, in cell ranking and reselection, the UE may ignore all CSG cells. 
Proposal 2: Cell selection/reselection procedures will account for the CSG type indication by the cell to prevent non-member UEs camp on such cells.

In LTE, the above is achieved by the UE treating the CSG cell as a barred cell, but ignoring the field intraFreqReselection. Therefore, the UE can select another cell on the same frequency or another frequency. We have observed in the field however that a UE that has selected another cell on the same frequency often causes severe UL interference towards the CSG cell. For NR Idle mode procedures, this issue can also be addressed, for example simply by reusing the concept of intraFreqReselection in this scenario.
Proposal 3: RAN2 to discuss solutions to mitigate the UL interference problem caused if the UE selects another cell on the same frequency.

In E-UTRAN, a CSG eNB also broadcasts a csg-Identity which identifies the CSG group where only the UEs who have membership to only this particular group can access the cell. This is an essential part of a CSG type future as the UEs who are not members can avoid accessing such cells. Even though this is not strictly necessary to prevent legacy UEs from accessing this cell, it is worth considering to also include this information at this stage due to the close link between the two IEs. Another reason is that both CSG indication and identity should ideally be included in the minimum SI which will have size limitation and it would be beneficial to account for both IEs in this release.
Proposal 4: NG-RAN will support broadcasting the identity of the membership group.
In LTE, CSG indication and the identity are signaled in SIB1. When RAN sharing is used (i.e. multiple PLMNs are broadcasted by the RAN), the operators need to align that the same CSG indication and identity are used across PLMNs. This has several disadvantages: First, it eliminates the possibility for different PLMNs to use different connectivity access for the network, e.g. where one operator may want to allow only certain UEs to the network (by setting CSG parameters) while another operator may prefer to allow all its subscribers (without CSG). Secondly, it requires coordination between operators which can be difficult, especially when they want to change these parameters dynamically. For NR, SA2 has already agreed that network sharing will be supported [3]. Therefore, from forward compatibility perspective, it is sensible to provide the operators the flexibility of using different access restrictions to the network by allowing CSG parameters per PLMN. We note that this is also in line with the introduction of physical cell ID and Tracking Area ID per PLMN (via CellAccessRelatedInfo-r14 IE) for E-UTRAN in Rel-14.

Proposal 5: NG-RAN will support broadcasting CSG type indication and identity per PLMN.
3
Conclusion

In this contribution, we discussed the basic functionality needed in Rel-15 to satisfy forward compatibility considering the introduction of a CSG type feature in the future. To this end, the following are proposed:

Proposal 1: NG-RAN will support broadcasting an indication for cells which are accessible to only UEs which have “membership” status with this cell.

Proposal 2: Cell selection/reselection procedures will account for the CSG type indication by the cell to prevent non-member UEs camp on such cells.

Proposal 3: RAN2 to discuss solutions to mitigate the UL interference problem caused if the UE selects another cell on the same frequency.

Proposal 4: NG-RAN will support broadcasting the identity of the membership group.
Proposal 5: NG-RAN will support broadcasting CSG type indication and identity per PLMN.
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