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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. This document examines the related issues.
2
Discussion

2.1
SA1 LS
In the LS [1], SA1 notes that when CSG was defined for UMTS in Rel-8 compatibility problems with pre-Rel-8 UEs occurred and led to complex solutions and deployments. Therefore, SA1 sees a risk that it may be difficult to introduce CSG in a backwards compatible manner in 5GS if it is not included in the initial Rel-15 release. The LS concludes by requesting that support of the concept of CSG is considered for inclusion in the initial design for 5GS.
2.2
Current RAN status

In initial drafts of lists of NG-RAN identities (at RAN3#95bis), “CSG Identifier” was included as a placeholder (to be removed if no requirements were received).

At RAN3#96, there was a discussion on support of legacy features, and it was agreed to not include support for several legacy (LTE) features in NG/Xn interfaces. This triggered specific discussion on CSG, and it was also decided not to support it, mainly to reduce complexity, in order to complete the work in release 15 according to the schedule of the WI. The placeholder in identities was also removed. 
RAN3 was not addressed by the SA1 LS, hence this was not a factor in the discussions. In any case the main point of the LS (avoidance of legacy UE issues) is in RAN2’s domain.
2.3
Discussion

UE legacy issues will result if forward compatibility aspects are not considered in release 15. Already this was experienced in UMTS as pre-Rel-8 UEs did not support the CSG feature and so could not use the CSG ID advertised by the cell to avoid cells where they were not allowed, or prefer their CSG cells. This problem resulted in the concept of non-CSG UEs for UMTS and led to two problems: 

1.
Determining if a non CSG UE that connects to the cell is allowed for service

2.
Enabling a UE to find a CSG cell for service

No standards solution was introduced to solve problem 2 and the user would have to upgrade their phone or the operator would have to prioritize the CSG frequencies if they wanted to access the CSG cells which could also result in unnecessary search and battery life impacts for those UEs that are not members of the CSG in that neighbourhood.

The solution to verify the UE for service in the RAN is described in section 5.1.2 in TS 25.467 and involved the HNB querying the UE for its IMSI and using a local access control list to determine if the UE is allowed. For NR or even LTE, such a solution is not possible as the identity query is a NAS message which is encrypted with separate security (unlike for UMTS) and so cannot be sent by the RAN as in UMTS. 

Therefore, it is not clear how CSG could be introduced in a backwards compatible manner in NR unless basic functionality is included in Rel-15.

In the annex, we provide analysis of CSG support features, including 

· whether they are suitable for reuse in NR/NG-RAN, and

· whether they are required for forward compatibility

The conclusion from this analysis is that, for forward compatibility, the following features would be required in release 15:

· CSG indication in minimum SI

· Cell selection and reselection procedures accounting for CSG indication in minimum SI (to avoid cells with CSG indication)
Other (listed) features might be added if considered necessary, subject to further analysis in WGs.
3
Conclusion

Basic functionality is required in release 15 NR to satisfy the request from SA1 to avoid legacy issues. RAN2 should be further tasked to perform technical analysis on forward compatibility, and define the required functionality.
RAN should note that the future introduction of CSG will be problematic otherwise. 
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Annex

The following table includes some of the CSG related functionality captured in RAN (decoupled from the related HeNB support, e.g., ignoring features such as HeNB GW, X2 GW and LIPA).

	Feature
	Related LTE procedures
	NR reuse suitability

	CSG and hybrid indication
	CSG indication and CSG ID broadcast in SIB1
	CSG indication and CSG ID broadcast in minimum SI

Is Hybrid needed in NR? Can be left out of initial release and added later

	Idle mode:

Cell (re)selection
	Accounting for CSG membership in cell (re)selection procedures

Involve checking the CSG indication and CSG ID if present in SIB1
	Sufficient to include CSG ID and CSG indication in minimum SI

Equivalent accounting for presence of CSG info in cell (re)selection procedures

	Connected mode:

Handover
	Proximity indication – e.g., if no measurement configured

PCI confusion – to resolve target cell
Access control – to determine hybrid cell membership
PLMN selection – to determine CSG/hybrid membership on the target cell
See TS 36.300 for details
	Proximity indication – Not needed, specific to HeNBs
PCI confusion – Not needed, specific to HeNBs unless CSG membership needs to be reported by UEs
Access control – Specific to hybrid
PLMN selection – Required for CSG membership verification

	Manual CSG selection
	HeNB name broadcast in SIB9

UE supports search and display of CSG cells 
	Can be left out of initial release and added later

	Paging optimization
	Include the CSG membership list of the UE so that it is only paged at CSG cells where it is a member
	Only needed if a single gNB can have some CSG and non CSG cells (did not apply to HeNB which only allowed one cell per HeNB)


Assessment: 

The following CSG features should be included for forwards compatibility assuming CSG features is decoupled from HeNB:
· CSG indication broadcast in minimum SI
· Cell selection and reselection procedures account for CSG indication in minimum SI for avoiding cells with CSG indication
These additional features can also be added initially or in a later release if needed

· CSG ID broadcast in minimum SI and associated cell selection / reselection procedure

· Hybrid mode

· Connected mode HO including CSG membership reporting by the UE

· Manual CSG selection

·  Paging optimization

Other features that are not needed

· HeNB GW support

· X2 GW support

· LIPA support (local access can be supported by SIPTO instead which already is defined in SA2 for non HeNBs)
