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1 Discussion
S2-1813343 proposes 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 in connected mode (some sort of a RAN slicing feature for the EPS). It is also required by S2-1813343 that:
	Cell generates separate counters/statistics for ‘enterprise 1’ and ‘other’ users -> enables any Service Level Agreement to be monitored. 


 It is not clear whether this also requires some charging specific to the fact in a cell supporting this feature some User Group get their data transmitted preferentially but we suspect this is the case as we do report secondary RAT usage so it would be surprising the operators would not be interested to know what is the usage for a UE using enhanced handling in cells that handle with special SLA the group the UE belongs to. So, we do assume a charging aspect is also needed in this work.
Observation: there is some charging aspect that needs to be considered in this work.
However, the primary purpose of RFSP information is not this one, rather it is to send a pointer to a certain RRM policy. This per se may be orthogonal to the relative amount of resources a radio node assigns to specific groups of users in certain physical cells under its control. We therefore propose that the existing RFSP mechanism ought to not be impacted by this new RAN slicing feature (also it seems that a new information element is needed anyhow in the S1-AP protocol as the current IE carrying the RFSP information is non-extensible, and also this concept has to coexist with the already deployed SPID concept, so inevitably, it is not possible to reuse the RFSP concept at the protocol level and a separate indicator is anyhow required – see figure 1).
	9.2.1.39	Subscriber Profile ID for RAT/Frequency priority
The Subscriber Profile ID IE for RAT/Frequency Selection Priority is used to define camp priorities in Idle mode and to control inter-RAT/inter-frequency handover in Active mode TS 36.300 [14].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Subscriber Profile ID for RAT/Frequency Priority
	M
	
	INTEGER (1..256)
	





Figure 1: the SPID purpose and structure from TS 36.413
In 3GPP EPS we already have a feature that aims at identifying the membership of a UE to subscriber groups. This is the CSG (closed Subscriber Group) feature. In particular, the Hybrid CSG cell concept seems to fit perfectly with the use case indicated in that it allows a cell to both serve CSG users and non CSG users. A Hybrid CSG cell is a cell broadcasting in SIB1 a CSG indicator set to false and a specific CSG identity. This cell is accessible as a CSG cell by UEs which are members of the CSG, and as a normal cell by all other UEs. The CSG users then can enjoy potentially privileged access to the RAN resources by configuring the cell to privilege CSG members.
In addition, the feature also allows to influence cell selection policies in the UE so that a UE would prefer cells that advertise support of the CSG they are member of (see figure 2).
	[bookmark: _Toc535275013]10.7.1	RRC_IDLE
When the CSG ID and associated PLMN ID of the hybrid cell belong to the CSG whitelist of the UE, the hybrid cell is considered by the UE as a CSG cell in idle mode cell selection/reselection procedures.
NOTE:	The autonomous search for hybrid cells does not imply that a UE needs to constantly check the CSG ID and associated PLMN ID of all cells it sees.
For all other UEs, normal cell selection/reselection procedures apply with hybrid cells (as for non CSG cells).



Figure 2: idle mode mobility for CSG members in hybrid cells context from TS 36.300

The CSG membership information is already specified to be of adequate size for the purpose of this work (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 x: CSG IE from TS 36.413

It was argued in some discussions offline and online that is desired that the feature not only covers single membership per cell but also potentially a multi-sector cell, where one eNB will support multiple CSGs. 
The excerpt from TS 36.413 here below shows that an eNB can support multiple CSGs (eNB does not need to declare per cell support of CSGs)

[bookmark: _Toc525639816]9.1.8.4   S1 SETUP REQUEST
This message is sent by the eNB to transfer information for a TNL association.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	Global eNB ID
	M
	
	9.2.1.37
	
	YES
	reject

	eNB Name
	O
	
	PrintableString(SIZE(1..150,…))
	
	YES
	ignore

	Supported TAs
	
	1..<maxnoofTACs>
	
	Supported TAs in the eNB.
	GLOBAL
	reject

	>TAC
	M
	
	9.2.3.7

	Broadcast TAC.
	-
	

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs.
	-
	

	>>PLMN Identity
	M
	
	9.2.3.8
	
	
	

	>RAT-Type
	O
	
	9.2.1.117
	RAT-Type associated with the TAC of the indicated PLMN(s).
	YES
	reject

	Default Paging DRX
	M
	
	9.2.1.16
	
	YES
	ignore

	CSG Id List
	
	0..1
	
	
	GLOBAL
	reject

	>CSG Id
	
	1 .. <maxnoofCSGIds>
	9.2.1.62
	
	
	

	UE Retention Information
	O
	
	9.2.1.112
	
	YES
	ignore

	NB-IoT Default Paging DRX
	O
	
	9.2.1.114
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTACs
	Maximum no. of TACs. Value is 256.

	maxnoofBPLMNs
	Maximum no. of Broadcast PLMNs. Value is 6.

	maxnoofCSGIds
	Maximum no. of CSG Ids within the CSG Id List. Value is 256.



The excerpt from TS 36.413 here below shows that only one CSG is declared to MME per UE (also conversely, CSG memberships are not pushed to the RAN, as they are supposed to come from the UE, but this could easily be done – for example we just add a CSG list as an optional element to the Subscription Based UE Differentiation Information IE if so desired). See excerpt from TS 36.413:

	If the Subscription Based UE Differentiation Information IE is included in the INITIAL CONTEXT SETUP REQUEST message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].
[…]
If the Subscription Based UE Differentiation Information IE is included in the CONNECTION ESTABLISHMENT INDICATION message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].
[…]
If the Subscription Based UE Differentiation Information IE is included in the UE INFORMATION TRANSFER message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].
[…]

If the Subscription Based UE Differentiation Information IE is included in the HANDOVER REQUEST message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].
[…]

If the Subscription Based UE Differentiation Information IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].
[…]

[bookmark: _GoBack]If the Subscription Based UE Differentiation Information IE is included in the DOWNLINK NAS TRANSPORT message, the eNB shall, if supported, store this information in the UE context for further use according to TS 23.401 [11].[…]
Subscription Based UE Differentiation Information
This IE is generated by the MME based on the UE subscription information, it provides the Subscription Based UE differentiation Information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Periodic Communication Indicator
	O
	
	ENUMERATED(periodically, on demand, …)
	This IE indicates whether the UE communicates periodically or not, e.g. only on demand.

	Periodic Time
	O
	
	INTEGER (1..3600, …)
	This IE indicates the interval time of periodic communication, the unit is: second

	Scheduled Communication Time
	
	0..1
	
	This IE indicates the time zone and day of the week when the UE is available for communication.

	>>Day of Week
	O
	
	BIT STRING (SIZE(7))
	If Day-Of-Week is not provided this shall be interpreted as every day of the week.
Each position in the bitmap represents a day of the week:
first bit = Mon, second bit =Tue, third bit =Wed, and so on. Value ‘1’ indicates ‘scheduled. Value ‘0’ indicates ‘not scheduled’.

	>>Time of Day Start
	O
	
	INTEGER (0..86399, …)
	This IE indicates the time to start of the day, each value represent the corresponding second since 00:00 of the day.
If Time-Of-Day-Start is not provided, starting time shall be set to start of the day(s) indicated by Day-Of-Week-Mask.

	>>Time of Day End
	O
	
	INTEGER (0..86399, …)
	This IE indicates the time to start of the day, each value represent the corresponding second since 00:00 of the day. The value of this IE should be bigger than the value of Time of Day Start IE.

If Time-Of-Day-End is not provided, ending time is end of the day(s) indicated by Day-Of-Week-Mask.

	Stationary Indication
	O
	
	ENUMERATED(stationary, mobile, …)
	

	Traffic Profile
	O
	
	ENUMERATED(single packet, dual packets, multiple packets, …)
	“single packet” indicates single packet transmission (UL or DL),
“dual packets” indicates dual packet transmission (UL with subsequent DL, or DL with subsequent UL),
“multiple packets” indicates multiple packets transmission.

	Battery Indication
	O
	
	ENUMERATED(battery powered, battery powered not rechargeable or replaceable, not battery powered, …)
	“battery powered” indicates that the UE is battery powered and the battery is rechargeable/replaceable, “battery powered not rechargeable or replaceable” indicates that the UE is battery powered but the battery is not rechargeable/replaceable,, “not battery powered” indicates that the UE is not battery powered.








[bookmark: _Toc525639806]9.1.7.1   INITIAL UE MESSAGE
This message is sent by the eNB to transfer the initial layer 3 message to the MME over the S1 interface.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	NAS-PDU
	M
	
	9.2.3.5
	
	YES
	reject

	TAI
	M
	
	9.2.3.16
	Indicating the Tracking Area from which the UE has sent the NAS message.
	YES
	reject

	E-UTRAN CGI
	M
	
	9.2.1.38
	Indicating the E-UTRAN CGI from which the UE has sent the NAS message.
	YES
	ignore

	RRC Establishment Cause
	M
	
	9.2.1.3a
	
	YES
	ignore

	S-TMSI
	O
	
	9.2.3.6
	
	YES
	reject

	CSG Id
	O
	
	9.2.1.62
	
	YES
	reject

	GUMMEI
	O
	
	9.2.3.9
	
	YES
	reject

	Cell Access Mode
	O
	
	9.2.1.74
	
	YES
	reject

	GW Transport Layer Address
	O
	
	Transport Layer Address 9.2.2.1
	Indicating GW Transport Layer Address if the GW is collocated with eNB.
	YES
	ignore

	Relay Node Indicator
	O
	
	9.2.1.79
	Indicating a relay node.
	YES
	reject

	GUMMEI Type
	O
	
	ENUMERATED (native, mapped, …)
	
	YES
	ignore

	Tunnel Information for BBF
	O
	
	Tunnel Information 9.2.2.3
	Indicating HeNB’s Local IP Address assigned by the broadband access provider, UDP port Number.
	YES
	ignore

	SIPTO L-GW Transport Layer Address
	O
	
	Transport Layer Address 9.2.2.1
	Indicating SIPTO L-GW Transport Layer Address if the SIPTO L-GW is collocated with eNB.
	YES
	ignore

	LHN ID
	O
	
	9.2.1.92
	
	YES
	ignore

	MME Group ID
	O
	
	9.2.3.44
	
	YES
	ignore

	UE Usage Type
	O
	
	INTEGER (0..255)
	
	YES
	ignore

	CE-mode-B Support Indicator
	O
	
	9.2.1.118
	
	YES
	ignore

	DCN ID
	O
	
	INTEGER (0..65535)
	
	YES
	ignore

	Coverage Level
	O
	
	ENUMERATED (extendedcoverage, …)
	
	YES
	ignore

	UE Application Layer Measurement Capability
	O
	
	BIT STRING (SIZE(8))
	Each bit in the bitmap indicates an UE Application layer measurement capability, refer to TS 25.331[10].

Bit 0 = QoE Measurement for streaming service

Bit 1 = QoE Measurement for MTSI service

Value ‘1’ indicates “Capable” and value ‘0’ indicates “not Capable”.

Unused bits are reserved for future use.
	YES
	ignore

	EDT Session
	O
	
	ENUMERATED (true, …)
	
	YES
	



This is the direction that is already chosen by analogous CAG feature in 5GS, 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).




Finally, the charging aspects related to CSG are already in place so the feature impact on the system is rather reduced. We ought to study how to reuse fully this wealth of specification material which is already existing with CSG.
	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.



Figure 3: CSG charging from clause 5.7A	Charging in TS 23.401
Conclusion and proposal
It is proposed that 
1) SA2 agrees on a complete list of requirements that need to be met end to end including charging aspects, interworking aspects, compatibility aspects, interaction between the frequency selection priorities and this feature which is more a resource sharing aspect in connected mode.
2) Any known gap of the Hybrid CSG approach is identified if known.
3) A LS is sent to RAN3 and RAN2 describing the problem space identified in point 1 and whether they believe a best fitting solution would be a CSG based solution or a solution using another group membership concept. If any gaps were identified by SA2 they should be highlighted in this LS, as well as any other question which was in the scope of this work.
4) A LS is sent to SA1 to ask whether charging data need to be collected when a UE is using resources that are specially assigned to a group of users in a cell.
