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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. 32 bits are proposed to enable the support of a large number of enterprise customers.
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 other cells may not implement any particular policy. This is illustrated by this slide extracted from the slides in 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] (which is 23.401 CR 3499 in SP-190175), as indicated in a LS (S2-1902908 / SP-190147 [1]) incoming at this SA 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 push to the RAN the list of CSG IDs allowed for the UE and 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 memberships 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 (and non Ue impacting 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 further 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. See 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.



Also, for any new rel-16 EPS future, we should take care of the 5GS interworking aspect as it will be a likely/real need that operators need to have a way to migrate and interwork with the 5GS. This aspect is missing in the proposed CR. It should be noted that in 5GS SA2 is defining the concept of CAG (Closed Access Group) that is homogenous with the concept of CSG (S2-1902898[6]). 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. In other words, to apply the ARPI as S-NSSAI in 5GS, we should associate such S-NSSAI down to a cell granularity which mean we need to allocate a TAI for each cell where there is a S-NSSAI mapping to an ARPI. This would impact 5GS RAN TAI planning. In addition, it is not required to support an enterprise by means of a slice. Even for an enterprise which uses a NPN in a PLMN, the NPN could be supported by means of a DNN - see excerpt from CR S2-1902898[6]. 
	“Public network integrated NPNs are NPNs made available via PLMNs e.g. by means of dedicated DNNs, or by one (or more) Network Slice instances allocated for the NPN.”



In other words, it is not mandatory to allocate a slice per enterprise even in 5GS and the access and rate control / RRM offered by CAG can be applied, like in EPS the CSG offer access and rate control/RRM per CSG. An enterprise may get a CSG and an APN in EPS and use e.g. eMBB, a CAG mapping to the CSG and a DNN mapping to the EPS APN in 5GS. 
Observation 2: The concept of ARPI as used in the proposed use case is closer to the 5GS concept of CAG and EPS concept of CSG than the concept S-NSSAI.
Note that the CAG concept already supports based, on the agreed CR S2-1902898[6], incoming for approval at this plenary, the concept of broadcasting>1 CAG per cell and also to push the CAG list to the RAN, which also are the proposed enhancements we are proposing for the CSG in EPS, so, as a side effect of opting for the solution we propose, we obtain feature alignment of EPS CSG to 5GS CAG, which then would allow for smooth interworking between CSG and CAG.
Observation 3: Hybrid CSG based solution has a clear interworking and migration scenario outlined. The ARPI as used in the proposed use case misses a description of this and it seems problematic to design without then making the ARPI uniform with CAG, and if so it is more evident that the Hybrid CSG based solution is the way forward for the use case.

It would be a useful thing also that the source eNB is aware of the groups 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.”
Observation 4: Hybrid CSG based solution has already ways to optimise mobility in connected mode.
As mentioned already earlier, there is one further enhancement of the CSG concept that may be considered to fully meet the use case above: up to now, while a RAN node can support multiple CSGs, i.e. each cell in the RAN Node only support one CSG ID. Therefore, the support of multiple CSG IDs per cell (especially if we assume like in this used case no need to broadcast them) could be considered as a straightforward enhancement. The expected impact in to TS 36.423 clause 9.2.8 “Served Cell Information”. This IE 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 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 of this enhancement if we just aimed at mirroring the ARPI solution capabilities and not deliver a proper RAN feature which entails some sharing of User Groups support between neighbours). 
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 to require it. 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).
With respect to the necessary size of the identifier, 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
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	Range
	IE type and reference
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	CSG Id
	M
	
	BIT STRING (SIZE (27))
	






CSG IE from TS 36.413
The size of the CSG ID is adequate to meet the customer identification. There are in fact 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.
In addition, the charging aspects related to CSG are already in place so the feature impact on the system specifications is rather limited. We ought to study how to reuse fully this wealth of specification material which is already existing with CSG.
See the following text from TS 23.401.
	To enable CSG charging function for a subscriber consuming network services via a CSG cell or a hybrid cell, User CSG Information is transferred to the PDN GW as indicated by CSG Information Reporting Action. User CSG Information includes CSG ID, access mode and CSG membership indication. CSG membership indication of whether the UE is a member of the CSG is included if the access mode is hybrid.
The valid CSG information shall be available in the serving GW and PDN GW in connected mode.
The PCRF shall, if deployed, provide User CSG Information reporting rules to the PDN GW at Attach and PDN Connectivity Request. PDN GW sets the CSG Information Reporting Action IE according to the User CSG Information reporting rules and sends it to Serving GW and MME.



Finally, the ARPI concept coexistence with CSG is not clear, if it were to be introduced.
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 SA#83 holds the approval of SA2 CR S2-1902896 [3](which is 23.401 CR 3499 on “Subscriber RRM Group as additional parameter to SPID/RFSP” in SP-190175) until RAN2 and RAN3 have had an opportunity to analyse the feature proposal subject of the LS in SP-190147 [1]. 
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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




