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Introduction
There are various features that a PCEF / PGW is expected to support on Gx and correspondingly CT3 has defined many Supported-Feature bits on the Gx interface. This paper analyses all those features and whether for each of those feature corresponding support from U plane is required. If a particular Gx feature requires support from the U plane, when the U plane announces its capability to the C plane, it has to include the support for that feature. The scope of this paper is to only analyse the Gx / Sd / Gy features to corresponding requirements from U plane. Beyond this there are other generic functional requirements from the U plane as per the agreed functional split from SA2. The support for those functions will also have to be announced beyond these (if the support for those functions are optional).

Analysis of Gx Features
The following table provides a detailed analysis of each Gx feature and whether that feature requires support from U plane in a split C/U plane deployment. The analysis is provided based on the Supported-Feature bits currently available across Gx interface as specified in 3GPP TS 29.212 [1] sub-clause 5.4.1

Features of Feature-List-ID 1 used in Gx

	Bit Number
	Gx Feature
	Description of Feature
	Is explicit indication from U plane for corresponding feature support needed?
	Comments

	0
	Rel8
	Support for pre release 8 and release 8 features
	No
	The following Rel 8 features need support from U plane:
1. APN-Aggregate-Max-Bitrate-DL / UL
2. Packet-Filter-Content (IPFilterRule) including the support for matching against tunner header of MIP (for S2c case)
But considering that these are bare minimum features anyways required from the U plane, one may consider that there is no explicit capability announcement from U plane is required for this feature.

	1
	Rel9
	Support for release 9 features
	No
	All the following Gx features added in Rel9 are purely related to control plane and the control plane's support of a particular AVP:

1. CSG-Information-Reporting
2. Flow-Direction (this is a Gx AVP. On Sx the U plane anyways need to support flow identification at UL / DL / Bidirectional level)
3. Monitoring-Key. This is also a Gx specific AVP. On Sx U plane has to support reporting against a reporting key – which is anyways a basic functionality on Sx
4. Packet-Filter-Usage – This is also a Gx specific AVP which has no relevance on the U plane
5. PDN-Connection-ID – This has relevance only to C plane
6. Usage-Monitoring-Information and all its sub AVPs – On Sx support for usage reporting against a reporting key is a basic functionality. So no need to explicitly signal the U plane support of usage monitoring.

	2
	ProvAFsignalFlow
	This feature indicates support for the feature of IMS Restoration by the PCEF as described in subclause 4.5.18
	No
	

	3
	Rel10
	Support for release 10 features
	No
	All the following Gx features added in Rel10 are purely related to control plane and the control plane's support of a particular AVP:
1. Logical-Access-ID
2. Physical-Access-ID


	4
	SponsoredConnectivity
	This feature indicates support for sponsored data connectivity feature. If the PCEF supports this feature, the PCRF may authorize sponsored data connectivity to the subscriber.
	No
	Charging is a functionality of the C plane. The U plane only reports the usage against each reporting key (THR rule). Based on the reported usage against a particular reporting key, the C plane decides to apply the charging against either the subscriber or the sponsor, depending which PCC rule the reporting key maps to.

	5
	IFOM
	This feature indicates support for IP flow mobility feature. If the PCEF supports this feature, the PCRF shall behave as described in subclause 4a.5.7.3 of 3GPP TS 29.212 [1]
	Yes
	For IFOM support the PGW-U has to terminate the MIPv4 tunnel from UE over S2c. MIP also has control signalling. The U plane will forward the MIP signalling messages to the C plane.

	6
	ADC
	This feature indicates support for the Application Detection and Control feature
	Yes
	U plane needs support the packet classification for the application identifier (i.e) DPI logic to match against L4-L7 protocol fields and state, to detect the application if the C plane cant deduce the flow information for the application.

	7
	vSRVCC
	This feature indicates support for the vSRVCC feature 
	No
	The U plane has no role in vSRVCC feature. The vSRVCC feature requires some specific AVP support on Gx interface which only impacts the C plane.

	8
	EPC-routed
	This feature indicates support for interworking with Fixed Broad band Access networks when the traffic is routed via the EPC network as defined in Annex E of 3GPP TS 29.212 [1]
	No
	For EPC routed fixed broadband access, all the U plane needs to support is packet routing and the regular EPC features.

	9
	rSRVCC
	This feature indicates support for the CS to PS SRVCC feature
	No
	The U plane has no role in rSRVCC feature. The rSRVCC feature requires some specific AVP support on Gx interface which only impacts the C plane.

	10
	NetLoc
	This feature indicates the support of the Access Network Information Reporting for GPRS and EPS. If the PCEF supports this feature, the PCRF shall behave as described in subclause 4.5.22 of 3GPP TS 29.212 [1]
	No
	This is a location reporting feature which has impact only to the C plane. There is no impact on U plane.

	11
	UMCH
	This feature indicates support for Usage Monitoring Congestion Handling. If the PCEF supports this feature, the benaviour shall be as specified in subclause 4.5.17.6 of 3GPP TS 29.212 [1].
	No
	This feature deals with avoiding needless usage monitoring reporting on Gx. This is achieved by providing a Monitoring-Time, the time at which usage monitoring should apply and then later reporting the usage during other Gx events like PCC rule removal, PCRF requested usage monitoring report etc. In such cases the C plane has to just re-adjust the reporting trigger at the U plane at the needed time. This can be handled as part of Sx Session Modification procedures. No explicit support from U plane is required.

	12
	ExtendedFilter
	This feature indicates the support for the local (i.e. UE) address and mask being present in filters signalled between network and UE.
	No
	This feature is about the support in Gx to provide the UE local address and mask in the packet filters. This does not require any explicit support from the U plane. If packets are to be matched against the UE local IP address, those can be carried as packet filters inside the THR rules sent on Sx.

	13
	Trusted-WLAN
	This feature indicates the support for the Trusted WLAN access
	No
	No impact on U plane due to this feature.

	14
	SGW-Rest
	This feature indicates the support of SGW Restoration procedures
	No
	No impact on U plane due to this feature.

	15
	TimeBasedUM
	This feature indicates support for Time based Usage Monitoring Control.
	Yes – but not mandatory. Even if UP doesn’t support this feature, the CP can manage timers from itself and support TimeBasedUM on Gx
	The C plane can request the U plane to report the accounted information per reporting key at the specified time requested by the PCRF. The U plane need not mandatorily support running a timer per THR rule. The C plane can instead manage the timer and do a query / response with U plane at the timer expiry. However this approach may lead to some time lags and there may be slight delay in usage monitoring report across Gx. Instead if the UP optionally supports time based usage reporting, the CP can leverage that. Hence an indication from UP to CP on the support for this feature is needed however even if the UP doesn’t support this the CP could still support TimeBasedUM on Gx.

	16
	PendingTransaction
	This feature indicates support for the race condition handling
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature.

	17
	ABC
	This feature indicates support for Application Based Charging.
	No
	The precondition for this feature is support for ADC. There U plane has a role in packet classification. But once the packet is classified, and the U plane reports the accounted statistics against the reporting key for that application, it is upto C plane to apply the application based charging rules. The U plane has no role in charging.

	18
	void
	
	
	

	19
	NetLoc-Trusted-WLAN
	This feature indicates the support of the Access Network Information Reporting for Trusted WLAN
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	20
	FBAC
	This feature indicates support for the Fixed Broadband Access Convergence as defined in Annex G of 3GPP TS 29.212 [1].
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	21
	ConditionalAPNPolicyInfo
	This feature indicates support for APN related policy information with condition as defined in 3GPP TS 23.203 [2] subclause A.4.3.3.
Not applicable to IPFlowMobility functionality feature (IFOM) as described in clause 5.4.1 or NBIFOM functionality feature as defined in subclause 4.5.25 of 3GPP TS 29.212 [1].
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	22
	RAN-NAS-Cause
	This feature indicates the support for the detailed release cause code information from the access network
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	23
	CNO-ULI
	This feature indicates support for Presence Reporting Area Information reporting
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	24
	PCSCF-Restoration-Enhancement
	This feature indicates support of P-CSCF Restoration Enhancement
	No
	For HSS and PCRF based P-CSCF restoration solutions, the U plane has no role. However if the network has not deployed HSS or PCRF based P-CSCF restoration solution and is using only the Release 9 P-CSCF restoration mechanism, then the detection of P-CSCF failure has to be done by the PGW-U as P-CSCF is on the SGi path and PGW-C is not connected to SGi interface. To avoid this complexity on the U plane, it can be specified that if C/U split architecture is used for IMS APN, then either HSS or PCRF based P-CSCF restoration shall be deployed.

	25
	MissionCriticalQCIs
	This feature indicates support for the Mission Critical QCI values 66, 67, 69 and 70 within the QoS-Class-Identifier AVP
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	26
	ResShare
	This feature indicates the support of service data flows that share resources. If the PCEF supports this feature, the PCRF shall behave as described in subclause 4.5.5.11 of 3GPP TS 29.212 [1].
	Yes
	The U plane needs to support resource sharing (bandwidth) across multiple THR (which map to PCC rules in PGW-C)

	27
	ExUsage
	This feature indicates support for excluding the corresponding service data flow for the volume and/or time measurement on IP-CAN session level
	No
	The C plane need not install triggers for accounting report for the excluded flows.

	28
	NBIFOM
	This feature indicates support for network-based IP flow mobility
	No
	Based on 3GPP TS 23.161 [3], Gx interface is used to provide the routing rules to the PCEF to identify which flow should be routed over which access. For this there is no explicit feature support from U plane is required. Depending on the routing rule received over Gx the C plane installs the THR rules at the U plane and maps the relevant flows to be directed towards right access (S5 or S2a/S2b interfaces).

	29
	TSC
	This feature indicates support for traffic steering control in the (S)Gi-LAN
	Yes
	The U plane should support configuration of policy to be applied on the SGi side (like packet marking and adding encapsulation headers) for a given traffic steering policy identifier.

	30
	NetLoc-Untrusted-WLAN
	This feature indicates the support for location reporting in the Untrusted WLAN
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature

	31
	CondPolicyInfo
	This feature indicates support for time controlled APN-AMBR as defined in subclause 4.5.5.7 of 3GPP TS 29.212 [1]
	No
	The C plane processes the conditional policy info and applies the right policy into U plane. U plane need not bother how C plane derived it (i.e whether derived from conditional policy or regular policy)



Features of Feature-List-ID 2 used in Gx

	Bit Number
	Gx Feature
	Description of Feature
	Is explicit indication from U plane for corresponding feature support needed?
	Comments

	0
	Enh-RAN-NAS-Cause
	This feature indicates the support of the detailed release cause code information from the access network in the PCRF-initiated PCC Rule removal scenarios. It requires that RAN-NAS-Cause feature is also supported.
	No
	This is a Gx interface impacting feature only. No impact on U plane due to this feature



Analysis of Sd Features
The following table maps the supported feature bits defined on the Sd interface as specified in subclause 5b.4.1 of 3GPP TS 29.212 [1], with the support needed from U plane.

	Bit Number
	Sd Feature
	Description of Feature
	Is explicit indication from U plane for corresponding feature support needed?
	Comments

	0
	UMCH
	This feature indicates support for Usage Monitoring Congestion Handling. If the TDF supports this feature, the benaviour shall be as specified in clauses 4b.5.7.7 of 3GPP TS 29.212 [1]
	No
	This feature deals with avoiding needless usage monitoring reporting on Gx. This is achieved by providing a Monitoring-Time, the time at which usage monitoring should apply and then later reporting the usage during other Gx events like PCC rule removal, PCRF requested usage monitoring report etc. In such cases the C plane has to just re-adjust the reporting trigger at the U plane at the needed time. This can be handled as part of Sx Session Modification procedures. No explicit support from U plane is required.

	1
	Trusted-WLAN
	This feature indicates the support for the Trusted WLAN access
	No
	This impacts control plane only. There is no impact on U plane.

	2
	TimeBasedUM
	This feature indicates support for Time based Usage Monitoring Control.
	Yes – but not mandatory. Even if UP doesn’t support this feature, the CP can manage timers from itself and support TimeBasedUM on Sd.
	The C plane can request the U plane to report the accounted information per reporting key at the specified time requested by the PCRF. The U plane need not mandatorily support running a timer per THR rule. The C plane can instead manage the timer and do a query / response with U plane at the timer expiry. However this approach may lead to some time lags and there may be slight delay in usage monitoring report across Gx. Instead if the UP optionally supports time based usage reporting, the CP can leverage that. Hence an indication from UP to CP on the support for this feature is needed however even if the UP doesn’t support this the CP could still support TimeBasedUM on Sd.

	3
	PendingTransaction
	This feature indicates support for the race condition handling
	No
	This impacts control plane only. There is no impact on U plane.

	4
	ABC
	This feature indicates support for Application Based Charging.
	No
	The U plane used for TDF must support application detection (ADC). If the TDF-C ensures that it selects a U plane that has advertised support for ADC, no explicit support indication from TDF-U to TDF-C for ABC is required as charging is a functionality of the C-plane.

	5
	CNO-ULI
	This feature indicates support for Presence Reporting Area Information Reporting
	No
	This impacts control plane only. There is no impact on U plane.

	6
	ExUsage
	This feature indicates support for excluding the corresponding application for the volume and/or time measurement on TDF session level
	No
	The C plane need not install triggers for accounting report for the excluded flows.

	7
	DLDSCPMarking
	This feature indicates support for DSCP marking of downlink packets for the detected application traffic(s) as specified in clause 4b.5.14 of 3GPP TS 29.212 [1]
	Yes
	The U plane should explicitly indicate its support for DL DSCP marking feature. Only if U plane supports this the TDF-C can advertise support for DLDSCPMarking feature bit over Sd.

	8
	TSC
	This feature indicates support for traffic steering control in the (S)Gi-LAN.
	Yes
	The U plane should support configuration of policy to be applied on the SGi side (like packet marking and adding encapsulation headers) for a given traffic steering policy identifier.



Analysis of Gy Features
The OCS installs credit re-authorization triggers in the form of quotas and idle time. For reporting the accounting information across Gy when the trigger occurs all that the CP requires from UP is to get reports at set thresholds (volume and time). Support of UP for these features are already covered by the support for usage monitoring under Gx and Sd features. Hence there are no other explicit feature support needed from UP for the functioning of Gy interface.

For supporting the idle timer based credit re-authorization, the CP can install triggers at the UP to report accounted information at the expiry of the set idle timer value. If the reported accounting information is 0 (i.e no packets sent or received in the last interval) then it is clear to the CP that the flow was idle for the set period. Then CP can trigger the credit re-authorization.
	
Conclusions
Conclusion #1: As can be seen from the highlighted rows in section 2 and 3, the following feature support indications are needed from the U plane to properly advertise the feature support on Gx and Sd interfaces. There is no explicit feature support needed from U plane for advertising features on Gy interface.

1. Support for termination of S2c (MIP tunneling).
2. Support for application detection.
3. Support for resource sharing.
4. Support for traffic steering.
5. Support for downlink DSCP marking.
6. Support for time based usage monitoring.
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