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1 Discussion
S2-1901970 [4] proposed extending RFSP information from 8 to 32 bits on the S1 interface so that the CN can pass to the E-UTRAN information about the membership of a UE to a certain customer group and apply customer-group-related policies for scheduling/resources sharing.
The use case driving this is RAN nodes where there are multiple cells and some of them may serve with priority one or more of these groups, while others may not implement any particular policy. This is illustrated by this slide extracted from the S2-1901970 [4].
[image: ]
It is to be highlighted that all users can still access any of the cells, only some users have a prioritised handling (or some minimum resources guarantee) on the basis they belong to some well identified User Groups.
SA2 has somewhat hastily concluded in the agreed CR in S2-1902869 [3], as indicated in a LS (RP-190123/S2-1902908 [1]) incoming at this RAN plenary meeting, to proceed to serve this use case. This CR is introducing an ARPI parameter over S1 as a group identifier or RRM policy per User Group, on the grounds that the Hybrid CSG concept, which some other companies believed to be fitting this used case, was missing the ability to serve the case of a single RAN node with heterogenous mix of cells supporting various Closed User Groups, and not a single Closed User Group. This is acknowledged, and in fact in the discussion paper S2-1902053 [2] (which unfortunately SA2 failed to even open) some companies have proposed to e.g. reuse the Subscription Based UE Differentiation Information IE defined in TS 36.413 and add to it a CSG list as an optional element to the if so desired). This would enable not only the feature that the proponents of the SA2 CR want, but also the ability to allow a single UE to be member of a plurality of CSGs, which is already possible (see TS 23.008 excerpt here below)
	[bookmark: _Toc533156947]2.4.22	Closed Subscriber Group Information
If a mobile subscriber has a Closed Subscriber Group (CSG) subscription, the HLR/HSS shall store Closed Subscriber Group Information which is a list of up to 50 CSG-Ids per PLMN and for each CSG-Id optionally an associated expiration date which indicates the point in time when the subscription to the CSG-Id expires and optionally corresponding APNs which can be accessed via Local IP access from this CSG identified by the CSG-Id;



Observation 1: it is feasible to extend the Hybrid CSG concept to support the indication to the RAN of a plurality of CSG membership for the UE. The proposed concept of ARPI by contrast is limited to a single membership per UE.
With this simple extension, Hybrid CSG feature level parity with ARPI is achieved, with the possible exception that a single cell needs to be enhanced to support multiple CSG IDs. But this is also quite a simple enhancement if we do not require then to broadcast these, as anyhow the CR agreed by SA2 does not require to broadcast the ARPI. This is addressed below in this paper.
In addition, the differentiated treatment of CSG subscribers in a hybrid CSG cell is already a function of the CSG and we can configure differentiated rate control for CSG and non CSG users. Se TS 23.401
	-	Admission and rate control function is used to provide different admission and rate control for CSG and non-CSG members for a hybrid CSG cell.



One of the drawbacks that were considered for the CSG is the complexity of Handover and this was quoted in S2-1901990 [5] However, this was linked to the activation of the membership verification. This is a feature that can be disabled in a PLMN or per subscriber. See this excerpt from TS 36.300 where it is very clear that the membership verification is optional.

	If membership verification is required for X2 mobility, the procedure described in clause 10.1.2.1 applies, with the following additions to the steps described in clause 10.1.2.1.1:
-	In Step 4, the source eNB/HeNB includes the CSG membership status reported by the UE handed over in the X2AP HANDOVER REQUEST message to the target HeNB; the target HeNB performs admission control based on the CSG membership status reported by the UE;
-	In Step 12, the target HeNB includes the CSG membership status of the UE handed over in the PATH SWITCH REQUEST message to the MME;
-	In Step 16, after the MME has performed membership verification for the UE handed over, the MME includes its verified CSG membership status in the PATH SWITCH REQUEST ACKNOWLEDGE message to the target HeNB; the target HeNB updates its membership information if needed.




Observation 2: membership verification is not needed when the RAN is aware of the CSG list of the UE as proposed above.
It should be noted also that in 5GS SA2 is defining the concept of CAG (Closed Access Group) that is homogenous with the concept of CSG. See extract from technically endorsed CR S2-1901391 (see excerpt):

	[…]
-	The subscription contains the list of CAG Identifiers the UE is subscribed to access, and an indication whether the UE is only allowed to register via CAG cells;
-	The Mobility Restrictions, the AMF provides to NG-RAN, shall be able to restrict the UE's mobility according to the Allowed CAG list (if configured in the subscription) and including support a UE that is only allowed to access CAG cells (if configured in the subscription).



Therefore, if this feature is implemented with CSG concept then a one to one mapping to CAG in 5GS is possible. Which is not so if the ARPI is used as the ARPI is proposed to more map to the S-NSSAI. the issue then being that the interworking is pretty difficult as a UE may have active >1 slice while there is just one ARPI active at a time. In addition, the S-NSSAI is valid/uniformly supported per TAI, while the ARPI is designed to be valid per Cell (as per use case in S2-1901970 [4].), like the CAG and the CSG.
Observation 3: The concept of ARPI is closer to the 5GS concept of CAG and EPS concept of CSG than S-NSSAI.
If desirable, also, as the CAG feature is being defined in Rel-16, it could also possible to fully capture in the CAG feature definition the requirements from S2-1901970 [4].
It would be a useful thing also that the source eNB is aware of the CSG supported by target cell.
This is supported already in the CSG case:
See TS 36.423:
“For each CSG cell or hybrid cell served by the initiating eNB1 the X2 SETUP REQUEST message shall contain the CSG ID IE. For each CSG cell or hybrid cell served by the candidate eNB2 the X2 SETUP RESPONSE message shall contain the CSG ID IE. The eNB receiving the IE shall take this information into account when further deciding whether X2 handover between the source cell and the target cell may be performed.”
This is in line also with the RAN slicing concept in TS 38.300:
“Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode.”
The 5GS does support sharing of S-NSSAIs supported by a RAN node on a per TAI basis as the TAI slice support List is shared over Xn in Xn SETUP REQUEST (see the following excerpt from TS 38.423).
[bookmark: _Toc534900801]9.2.3.20	TAI Support List
This IE indicates the list of TAIs supported by NG-RAN node and associated characteristics e.g. supported slices.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TAI Support Item
	
	1..<maxnoofsupportedTACs>
	
	

	>TAC
	M
	
	9.2.2.5
	Broadcast TAC

	>Broadcast PLMNs
	
	1..<maxnoofsupportedPLMNs>
	
	

	>>PLMN Identity
	M
	
	9.2.2.4
	Broadcast PLMN

	>>TAI Slice Support List
	M
	
	Slice Support List
9.2.3.22
	Supported S-NSSAIs per TA



Note that, as mentioned already earlier, there is one further enhancement of the CSG concept that may be needed to fully meet the use case above: while a RAN node can support multiple CSGs, each cell in the RAN Node only support one CSG ID so far. Therefore, the support of multiple CSG IDs per cell (with no need to broadcast them, or at most one) could be considered as a straightforward enhancement. Today a Cell can be configured with one CSG ID only and it broadcasts on CSG ID. In TS 36.423 clause 9.2.8 “Served Cell Information” is carried in the X2 SETUP REQUEST message and other X2 management messages and this includes a single CSG ID. By providing a CSG ID list instead of one CSG ID only in this information, the support and advertisement over X2 of multiple CSG IDs per cell would be achieved. Of course, if the awareness of neighbour cells support of CSG-IDs was not needed (as proposed in the ARPI CR) then this enhancement also is not needed as we can configure locally a cell to support any number of CSG IDs and not advertise any over X2 (i.e. no standards impact if we just aimed at mirroring the ARPI solution capabilities). The broadcasting of the CSG ID seems not needed in this feature as per S2-1901970 [4], use case and can be made optional for the operator to activate while the network side aspects of the feature is supported. This is to say that the broadcasting of CSG ID aspect of this feature may be considered if the use case evolved. In that case we would need in all solutions a broadcasting of some information (the CSG ID then is already part of broadcast info and not the ARPI, of course).
In Addition, the CSG membership information is 27 bits over S1-AP.
	9.2.1.62	CSG Id 
This information element indicates the identifier of the Closed Subscriber Group, as defined in TS 23.003 [21].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CSG Id
	M
	
	BIT STRING (SIZE (27))
	






Figure: CSG IE from TS 36.413
The size of the CSG ID is adequate to meet the customer identification. There are 27 bits for the CSG ID, and the size of the SD field used for customer identification in the S-NSSAI for network slicing in 5GS slicing is 24 bits. So, the CSG ID allows identification of more enterprises than the SD field used in S-NSSAI.
Finally, the ARPI concept coexistence with CSG is not clear (e.g. it is not detailed how a UE that is both a CSG member and an ARPI is applicable to the UE in the cell is handled and which one takes priority).
Proposals
[bookmark: _GoBack]Proposal: As described in the discussion part of this document there are various points which should be discussed and agreed in RAN WGs. As there is still ample time to complete release 16, it is proposed that TSG RAN liaise to TSG SA to hold approval of SA2 CR S2-1902896 [3] until RAN2 and RAN3 have had an opportunity to analyse the feature proposal in detail and recommend a suitable solution that takes into account all aspects. 
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Use case 3: Prioritise different capacities
for multiple enterprises on specific cells
of a sectored macro eNB
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Cell K1 (eNB K, West Sector) RRM:

Enterprise 1's employees get priority access to X% (but not all) of Cell K1 resources.
Enterprise 3s employees get priority access to W% (but not all) of Cell K1 resources
Handle Enterprise 2 employees and other users with default behaviour

Cell K2 (eNB K, East Sector) RRM:
Enterprise 2's employees get priority access to Y% (but not all) of Cell k2 resources.
Enterprise 3s employees get priority access to 2% (but not all) of Cell K2 resources.
Handle Enterprise 1 emplovees and other users with default behaviour




