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1
Introduction
The agreed versions of TS 23.401 and TS 23.402 from the Helsinki meeting refer in several sections and procedures to the case that ‘the PCC architecture is not present’ or the PCRF is not present, while it is not described anywhere what underlying PCC deployment model is assumed in these cases. This contribution discusses various deployment models and how TS 23.401 and TS 23.402 can allow for implementation options that support only a limited set of policy and charging features.
2
Discussion
2.1
Policy and charging features for Data Only deployment
It is well understood that different operators will have different deployment plans for EPS with different requirements for policy and charging control. Particularly some of the initial deployments will not require the full functionality provided by the PCC framework. The question from a standardization perspective is whether there is sufficient interest in a particular reduced feature set to warrant an optimized standardized solution for this feature set. 

An initial deployment model that has been put forward in S2-072521 is that of an EPS data only deployment, while operator provided voice service is supported in CS mode through 2G/3G access. Data only initial EPS deployment is probably of interest to many operators and we therefore want to explore the policy control and charging requirements for this case. These are not addressed in S2-072521, so let us investigate a few possible feature sets for this deployment model, as shown in table 1 below.
	
	feature set

	
	1
	2
	3
	4
	5

	Network Initiated Dynamic Policy Control
	-
	-
	-
	-
	x

	UE Initiated Dynamic Policy Control
	-
	-
	-
	x
	x

	Dedicated Bearers on Attach
	-
	-
	x
	x
	x

	Off-line and On-line Flow Based Charging
	-
	x
	x
	x
	x

	Default bearer
	x
	x
	x
	x
	x


Table 1 – Policy and charging features for Data Only deployment
Feature set 1 is the absolute minimum where only a default bearer is established on attach and there is only flat rate charging. The QoS parameters of the default bearer are subscription based. This is a popular service model for fixed broadband access, but we don’t expect it to be widely used as the only service model in initial EPS deployments. Radio resources are likely to remain more costly than shared resources – e.g. backhaul capacity in a DSL network – in fixed broadband access and we therefore assume that volume based charging is a minimum requirement. 
Feature set 2 also provides only a default bearer but does support volume based, off-line and on-line charging on this default bearer. This could be through just a single meter or it may be static flow based charging with multiple meters according to static provisioned filters e.g. to charge the traffic with certain web sites differently. 
Feature set 3 allows for additional subscription based dedicated bearers to be established on attach. In principle dedicated bearers could be established on the basis of global policies also, but this doesn’t appear to be a likely use case. Multiple bearers will be used in combination with volume/flow based charging, otherwise there is no motivation for the user to use different bearers. These first three feature sets support only static, subscription based, policy control. 
Feature sets 4 and 5 provide dynamic policy control, either for UE initiated service sessions (FS4) or also for Network initiated service sessions (FS5). 
Moving from FS1 to FS5 requires an increasing amount of PCC functionality. Only for FS1 could it be argued that it requires no PCC functionality at all, although we still need a mechanism to install and activate the subscription QoS parameters on the default bearer. FS2 does require PCEF functionality in the PDN GW and the interfaces to offline and online charging systems as applicable. FS3 requires subscription based QoS parameters for multiple bearers, not just for the default bearer. FS4 requires a dynamic policy control engine, but does not require an Rx interface assuming that network based services will use network initiated QoS. FS5 then requires the full-blown PCC functionality including the Rx interface.
Let us now consider what has been specified in TS 23.401 so far.

2.2
Current TS 23.401 mechanisms and procedures

TS 23.401 provides the QoS parameter values of the default bearer separately from those for any other bearers. This is described in 4.6.1.1:
The initial bearer level QoS parameter values of the default bearer are assigned by the network, based on subscription data (in case of E-UTRAN the MME sets those initial values based on subscription data retrieved from HSS). The PCEF may change those values based in interaction with the PCRF or based on local configuration.

This is also reflected in the attach procedure in clause 5.3.2 where in step 12 the MME provides amongst others the Default Bearer QoS to the Serving GW. 
Clause 5.3.2 contains a similar statement as the statement quoted above:
The PCC rules applied to the default EPS bearer may be predefined in the PDN GW and activated in the attachment by the PDN GW itself.

The latter implies that the QoS of the default bearer may be fully defined by a predefined rule, i.e. that it may be subscription independent. The wording of 4.6.1.1 could also mean that the PCEF applies a policy to limit the QoS parameters of any default bearer to a maximum, set by local configuration of the PCEF.
This means that we currently have three mechanisms in TS 23.401 to determine the QoS parameters for the default bearer in the PDN GW:
1. Based on subscription data stored in the HSS and provided via MME and Serving GW to the PDN GW,
2. Based on subscription data and provided by the PCRF,

3. Based on local configuration of the PDN GW.

The latter mechanism based on local configuration seems to be of limited value in deployments with only a default bearer, because it does not allow the default bearer QoS to be based on subscription data. The Default Bearer QoS provided via MME and Serving GW is superfluous in case there is interaction with the PCRF, because the PCRF obtains the complete QoS profile of the user from the SPR, and will provide the Default Bearer QoS when the IP-CAN session is established. 
We assume that the motivation for the provision of the Default Bearer QoS via MME and SGW is to have an optimized solution that doesn’t require PCRF interaction for deployments that only require support for FS1 or FS2 mentioned above. What is currently not specified is how the charging characteristics are supplied to the PDN GW in case there is no PCRF interaction. 
2.3
Provision of Charging Characteristics without PCRF interaction
The only charging functions that are currently specified in TS 23.401 reside in the SGW and PDN GW. The PDN GW charging functionality shall be according to TS 23.203, which implies that charging information and the default charging method may be supplied by the PCRF upon IP-CAN session establishment, whilst the charging method and measurement method can be supplied per SDF in the PCC rule. 
If there is no PCRF to interact with, these charging characteristics will have to come from somewhere else. In GPRS subscription based charging characteristics are supplied by HLR to the SGSN and forwarded to the GGSN. We see no reason however why a similar route should be followed in EPS, especially considering that we are looking for an optimized solution for initial deployment that should require as little incremental standards support as possible. Using GTP to provide charging characteristics to the PGW would also still require a different solution if E-UTRAN access with GP based S5 is used in combination with non-3GPP access.
We therefore propose to use the charging interfaces to provision the PDN GW with subscription based charging information, since the charging subsystems do contain the subscription based information. The PDN GW may apply a default charging method, e.g. on-line charging, that is modified by the on-line charging subsystem after it receives a first charging event. If the deployment is using off-line charging only, then there is no need for subscription based charging characteristics and they may be statically provisioned in the PDN GW.

The provision of attachment and subscription based information for a TS 23.401 system in case there is no PCRF interaction is illustrated in figure 1. Note that only the information elements that are currently listed in the TS 23.401 attachment procedure plus charging characteristics are represented.
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Figure 1 – Information provided to PDN GW in case of GTP based S5. 
2.4
TS 23.402 deployment without PCRF interaction
We now want to investigate if a TS 23.402 system with a PMIP based S5 interface could support the same policy and charging features (FS1 and FS2) without PCRF interaction as a TS 23.401 system. The question is which information is absolutely needed at the PDN GW that would be provided through off-path signaling via the PCRF in a deployment with PCRF. Essential information could be provided through PMIP extensions, but it is highly desirable to (a) limit special cases - here for certain deployment models, and (b) not require additional extensions beyond the base protocol if possible.
Figure 2 depicts the available information at SGW and PDN GW without any PMIP extensions. Note that only the information elements that are currently listed in the TS 23.401 attachment procedure plus charging characteristics are represented. Additional IEs are likely to be needed.
We consider none of the –currently defined- available information at the SGW essential for the PDN GW for the following reasons:
· Default Bearer QoS, AMBR: It is a trade-off whether to transfer this information to the PDN GW or perform the DL rate enforcement on the (A)MBR of the default bearer in the SGW in this deployment scenario. We consider the latter simpler to implement because all information is available at the SGW and all that is needed is a rate policer per UE. The disadvantage of this approach is that there is no DL rate enforcement at the PDN GW ingress point.
· RAT type: RAT type is an optional parameter in Release 7 charging specs and is therefore not considered essential for early deployment. It only becomes necessary if an operator wants to charge differently for the same QoS depending on the RAT type.
· PDN Address Allocation: Assuming DHCP relay at the SGW in case of PMIP based S5, this IE is not required at the PDN GW.
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Figure 2 – Information provided to SGW and PDN GW in case of PMIP based S5. 
We conclude that a deployment with PMIP based S5 and without PCRF interaction would be able to support FS1 and FS2 without PMIP extensions, but with some functional differences with an equivalent GTP based S5 deployment: DL rate enforcement at the SGW instead of the PDN GW and no RAT type information at the PDN GW.
The same limitations do apply in case of Trusted or Untrusted Non-3GPP Access if we assume that the QoS for default connectivity can be provided to the Non-3GPP Access/ePDG through AAA. In this scenario the DL rate enforcement will have to be performed in the Non-3GPP Access/ePDG.
2.5
Roaming aspects of PCC deployment options
So far we have only considered non-roaming scenarios. In roaming scenarios a visited network may not provide dynamic policy control and deploy PCRF and the home network may or vice versa. In the first case the visited network may want to offer dynamic policy control for visiting subscribers even if it does not provide it for its own subscribers; it is a business decision of the visited network operator if it wants to do so. In the latter case a visited network will want to be able to provide a static, default bearer only service to visiting subscribers. Figure 3 depicts a number of scenarios for GTP and PMIP based roaming interfaces and networks.
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Figure 3 – Interoperability of PCC deployment options
In scenario A - GTP based roaming with home routed traffic – it doesn’t matter whether the visited network deploys PCRF or not. QoS policy is completely controlled by the home network and not dependent on support in the visited network.
In scenario B – GTP based visited network with LBO – the hPCRF needs a mechanism to provide policy to the PDN GW in the visited network. A vPCRF is not absolutely required for this purpose. A Diameter relay agent will suffice, if the visited network operator is prepared to leave policy control to the home operator, as he is doing in scenario A. A Diameter relay agent does not support visited network policies, as a vPCRF does.
In scenario C – PMIP based roaming with home routed traffic – the hPCRF needs a mechanism to provide QoS information to the SGW in the visited network. Similar to scenario B, a Diameter relay agent in the visited network will suffice if the visited network does not deploy a PCRF.
In scenario D –PMIP based roaming with home routed traffic without PCRF in the home network – the vPCRF needs to be aware of the fact that the home network does not support PCRF. That will allow the vPCRF to inform the SGW , in response to a GW Control Session Establishment,  to send a Create Default Bearer Response to the MME with the Default Bearer QoS that was provided by the MME in the first place. 
Scenario E – PMIP based visited network with LBO – is equivalent to scenario B where the visited network is GTP based. In the PMIP case, the Diameter relay agent relay messages to both the PDN GW and the SGW in the visited network.

We conclude from this analysis that interoperability can be provided for the scenarios depicted in figure 3. For those scenarios that would use an S9 roaming interface if both networks would deploy PCRF, the visited network has to support at least routing of Diameter messages if it does not deploy PCRF.
2.6
Description of PCC deployment options

TS 23.401 clause 5.4 on session management starts every sub-clause with the statement:
If the PCC architecture is not present, the PDN GW may apply a local QoS policy.

Apart from the fact that it is not clear to ‘what’ the PDN GW may apply a local policy (other than a Create Default Bearer Request), the phrase ‘if the PCC architecture is not present’ suggests there is no PCEF, but it is the PCEF that may apply a local policy.
A deployment that only has to support FS1 and FS2 can be realized without the need for PCRF interaction with the standards support described above.  For specification purposes it is however desirable to assume that PCEF functionality is always present in the PDN GW. TS 23.203 allows for many PCEF options and what is implemented in a deployment without PCRF, e.g. whether a PDN GW (or a SGW in a TS 23.402 network) in such a deployment implements an S7 interface for policy control or not is outside the scope of standardization.   
We do not have to repeat in every procedure why PCRF interaction may or may not take place. It would suffice it we describe once that EPS supports a deployment option without PCRF interaction. 
Section 4.6.4 on interworking with PCC appears to be a good location to do so. In the procedures we can then just mention that the interaction with PCRF is optional.
3
Conclusion and Proposal
We conclude from the above that a static, default only bearer EPC deployment with on-line and off-line flow based charging is possible without PCRF interaction, both for TS 23.401 as well as for TS 23.402 networks, with the standards support outlined in sections 2.3 and 2.4 above.

In order to document in TS 23.401 the necessary standards support for the provisioning of charging characteristics in such deployment (possibly also applicable to TS 23.402) we propose the following:

· to send an LS to SA5 to seek their advice on the method proposed above to supply subscription based charging characteristics to the PDN GW
In order to decide on standards support in TS 23.402 for EPC deployment without PCRF interaction we propose:

· to decide if TS 23.402 deployment without PCRF interaction is required

· if so, to agree on the proposed functionality in section 2.4 for a TS 23.402 deployment without PCRF interaction

· to agree on the roaming scenarios that need to be supported based on the scenarios outlined in section 2.5

We further propose to extend TS 23.401 section 4.6.4 and include a requirement that static, default only bearer EPS deployment can be supported without PCRF interaction. 
With the proposed new text in 4.6.4  it is no longer necessary to refer to ‘PCC/PCRF-less’ deployment in the procedures and it is proposed to delete five instances of such statements.

If this requirement is also agreed for TS 23.402 no additional text is required for TS 23.402, other then the procedural steps that are needed to support the requirement. Otherwise TS 23.402 has to include a statement that this requirement does not apply.

The proposed changes for TS 23.401 are as follows:
Begin first change: Modify 23.401, Section 4.6.4
4.6.4
Application of PCC in the Evolved Packet Core
The Evolved Packet Core applies the PCC framework as defined in 3GPP TS 23.203 [6] for QoS policy and charging control This includes the functionality of PCEF and PCRF as defined by 3GPP TS 23.203 [6]. The PCEF encompasses service data flow detection and policy enforcement functionalities and enables a range of optional charging models including flow based charging The PCRF encompasses policy control decision and flow based charging control functionality. It provides network control towards the PCEF.

The PCC framework enables dynamic policy control. EPC may however also be deployed without dynamic policy control providing subscription based, static policy control for the default bearer in combination with pre-configured local policies in the PCEF. For such deployment no interaction with the PCRF shall be required.

NOTE:
The implementation of the PCEF in EPC may be optimized according to the policy and charging features required by an EPC deployment. For example, for a deployment requiring only a default bearer and no dynamic policy control, the PCEF may not be provided with an S7 interface. Implementation options are however not subject to standardization.

The following applies to the use of PCC in EPC:
-
The service level (per SDF) QoS parameters are conveyed in PCC rules (one PCC rule per SDF) over the S7 reference point. The service level QoS parameters consist of a QoS Class Identifier (QCI) Allocation and Retention Priority (ARP) and authorised Guaranteed and Maximum Bit Rate values for uplink and downlink. The QCI is a scalar that represents the QoS characteristics that the EPS is expected to provide for the SDF. ARP is an indicator of the priority of allocation and retention for the SDF. The service level ARP assigned by PCRF in a PCC rule may be different from the bearer level ARP stored in subscription data.

-
For E-UTRAN the value of the ARP of an EPS bearer is identical to the value of the ARP of the SDF(s) mapped to that EPS bearer.
-
The set of standardized QCIs and their characteristics that the PCRF in an EPS can select from is provided in Annex B table B-1. It is expected that the PCRF selects a QCI in such a way that the IP-CAN receiving it can support it.
-
For local breakout, the visited network has the capability to reject the QoS authorized by the home network based on operator policies.

-
For E-UTRAN and for the same UE/PDN connection: SDFs associated with different QCIs or with the same QCI but different ARP shall not be mapped to the same EPS bearer.

-
For E-UTRAN the value of the Label of an EPS bearer is identical to the value of the QCI of the SDF(s) mapped to that EPS bearer.

Editor's note: It is FFS whether the PCRF may select a different QCI due to a handover to a different RAT type.

Editor's note: It is FFS if the QCI table B.1 will be moved to the Rel-8 version of TS 23.203.

Editor's note: In case of UMTS access to the EPC, the standardized QCIs in table B.1 will be mapped to UMTS QoS characteristics. It is FFS how to update TS 23.203 Table A.3 for Rel-8 to align it with the standardized QCIs. 
Editor's note: The inclusion in 3GPP TS 23.203 of ARP and the associated description of the information that the PCRF takes into account to take a policy decision on ARP is FFS.

End first change

Begin second change: Modify 23.401, Section 5.3.2

14.
The PDN GW may interact with the PCRF to get the default PCC rules for the UE. This may lead to the establishment of a number of dedicated bearers following the procedures defined in clause 5.4.1 in association with the establishment of the default bearer. It is FFS how the establishment of the default and dedicated bearers is synchronized.
The RAT type is provided to the PCRF by the PDN GW if received by the previous message. If the PDN GW/PCEF is configured to activate predefined PCC rules for the default bearer, the interaction with the PCRF is not required (e.g. operator may configure to do this).
Editor's note:
It is FFS which kind of information will be provided by the PCRF. 
End second change

Begin third change: Modify 23.401, Section 5.4.1
5.4.1 Dedicated bearer activation

1.
Either the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW or the PDN GW may apply a local QoS policy.

End third change

Begin fourth change: Modify 23.401, Section 5.4.2
5.4.2 Dedicated bearer modification with bearer QoS update

1.
Either the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW or the PDN GW may apply a local QoS policy.

End fourth change

Begin fifth change: Modify 23.401, Section 5.4.3
5.4.3 Dedicated bearer modification without bearer QoS update
1.
Either the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW or the PDN GW may apply a local QoS policy.

End fifth change

Begin sixth change: Modify 23.401, Section 5.4.4
5.4.4 Dedicated bearer deactivation

1.
Either the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW or the PDN GW may apply a local QoS policy.

End sixth change
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