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1 Introduction
It is a common ground that some mechanism for the control of QoS from the UE side is required. This is the case for a number of reasons, the main ones are:

· Most the applications are originating from the UE side therefore some means for differentiation of the UL packets should be provided

· On demand network-initiated QoS brings unnecessary delays to the QoS establishment

· In most of the cases the traffic characteristics (based on the 5-tuple) are known prior to the session establishment

More motivations and requirements for UE-initiated QoS can be found in [1].

This contribution aims to clarify further the QoS mechanisms of UL QoS differentiation within the concept of the pre-established SAE bearers.

2 Description of UE-controlled QoS
The IPWireless proposal for UE-controlled QoS consists of the following concepts:
· The QoS filters/rules are separated to session dependant and session independent (abbreviation SIFs and SDFs). 
Session independent are called the filters/rules that do not require any session-specific signalling exchange in order to be installed, but are installed upon the terminals bootstrap/authentication/IMS registration, resulting in the pre-establishment of a number of dedicated SAE bearers.
Session dependent filters/rules involve signalling exchange between the AF/PCRF and PCEF (e.g. UPE/SAE GW) in order to be installed. 
· Both SIFs and SDFs have uplink and downlink legs, represented in 23.882 as ULDF, DLDF. We propose to rename  them to DLSIF and ULSIF for the SIFs, DLSDF and ULSDF for the SDFs.
· The establishment of the session dependent filters/rules (SDFs) is performed following the existing rel.7 (a la 23.207) PCC/QoS mechanisms.  The session independent filters/rules (SIFs) are being downloaded to the UE and the PCEF, both UL and DL, upon UE's bootstrap and authentication. The UEs and SAE GW/UPE act as policy enforcement points.  The filters are used in order to differentiate the different types of traffic that are not provided by the operator’s network and distribute them to the different pre-established SAE bearers.
· The session dependent filters (SDFs) are used in order to establish "on demand dedicated SAE bearers" triggered by the signalling exchange between the two application endpoints (UE and AF). The session independent filters (SIFs) are used to differentiate the traffic flows between the "pre-established SAE bearers".
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Figure 1: Mapping of traffic to different pre-established SAE bearers using SIFs

A number of advantages exists if both mechanisms co-exist, compared to what has been defined already in SAE and in some extent in rel.6:

· Prioritised QoS treatment can be applied in the uplink even for the very first packets of an application requiring QoS differentiation can reduce the uplink delay and avoid blocking of uplink resource for sensitive applications that would normally be granted resources.
· Reduced signalling overhead particularly during eNodeB handover, if we assume that the majority of applications is using SIFs (such as for example typical Internet applications with well-known traffic characteristics). In this case the number of “on demand” SAE dedicated bearers that need to be signalled individually during handover will be restricted to only the active real-time sessions (i.e. sessions established using SIP signalling or other operator-controlled). The access bearers (tunnels) for the pre-established SAE bearers will be moved over to the new eNodeB with one single message. 

· No need for an Rx interface (i.e. Diameter) to a large number of application functions (ie servers). QoS prioritization can be achieved with no impact on the servers. Only the AFs that belong to the operator's domain and are used for dynamically negotiated services (i.e. P-CSCF) will be modified.

· The existing QoS mechanisms imply that the filters will reside only on the SAE GW/UPE and the UE will perform “application-level signalling” over the SAE bearer that will be intercepted by the SAE GW/UPE filters and will trigger the establishment of dedicated SAE bearers, if needed. This assumes that the first packets will be transported over the “SAE bearer”, which according to the existing 3GPP QoS schemes does not provide any differentiation. If the SIFs are delivered to the UE, the traffic will receive the required QoS treatment, right from the beginning. This is particularly important for the prioritization of SIP signalling traffic over the rest of the application traffic that will be transported in the uplink at the same time.

3 Assumptions

· The term SAE GW refers to a node which assumes certain functionality of SAE GW and UPE. The term is being used for simplification of the flows.

· The number of pre-established SAE bearers is not restricted and should depend on “high level” requirements for QoS differentiation and terminal capabilities. 

· The “default SAE bearer” defined in SAE at the moment is just a pre-established SAE bearer with a wildcard (match all) ULSIF.

· The MME is omitted for simplification of the flows, whether it is involved in the bearer establishment is FFS.

· All the flows assume that there is “one tunnel per UE-PDN access” between the eNode and the SAE GW.

4 High Level Signaling Flows
The signaling flows will illustrate three alternatives of delivering the ULSIFs to the UE. 
Alternative 1 - SIFs delivered during the SAE bearer establishment (NAS mechanisms)
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Figure 2: SIFs delivered to the UE using NAS mechanisms
1. The UE signals to the SAE GW/UPE in order to establish the SAE bearer. 

2. After successful authentication the SAE GW/UPE requests the filters from the PCRF for this particular UE. 

3. The SAE GW/UPE sends an NAS signalling SAE RB assignment request which establishes a number of SAE bearers with different QoS characteristics based on the SIFs that are downloaded by the PCRF. The DLSIFs and ULSIFs are downloaded in the PCEF (SAE GE/UPE). In addition the ULSIFs are transported to the eNodeB and the UE using a transparent container. Together with that is also signalled over the S1 interface the necessary parameter that will assist the eNodeB to perform over the air QoS differentiation, such as for example the QoS label, Maximum Bitrate, TFTs, DSCP etc. 

4. The eNodeB upon receiving the SAE RB assignment request configures the number of RBs required for the number of the pre-established dedicated SAE bearers. In this example we assume that  3 different SAE Bearers corresponding to RBs with certain IDs 1,2,3 indicating different priority levels and QoS characteristics (i.e. which rely on the label, MBR, traffic handling priority parameters).

5. The eNodeB acknowledges the establishment of the necessary RBs to the SAE GW/UPE with one single NAS signalling message, this establishes a single UP tunnel for the UE.
6. The UE installs the ULSIFs that will determine the uplink traffic differentiation to RBs with different priorities. 

Note: It is necessary to have a mapping mechanism between the SAE priorities and the traffic priorities indicated in the ULSIFs. They may rely on the same identifier or different identifiers which have a standardized mapping. One candidate that can be used to link the priorities across the radio and access network is the DiffServ Codepoint (DSCP). 
Note: The eNodeB will get the TFT information and map it to the appropriate priorities of the RBs it manages. For the downlink traffic, it needs to map the downlink traffic to the different priority RBs based on the TFT information provided by the SAE GW/UPE.  For the uplink traffic it may need to mark the packets according to the priority of the RB they come from, before forwarding them over the S1 interface. This is needed in order to provide some protection for misconfigured or hacked UEs.
7. The SAE GW/UPE installs the filters and inspects the traffic coming in performing the appropriate packet marking of the required label.

8. When the UE has uplink traffic which matches any of the SIFs it maps the traffic to the appropriate pre-established SAE bearer’ s corresponding RB based on the priority indicated in the filter.

9, 10. The appropriate RB is established for the UE.
Alternative 2 – SIFs delivered to the UE using RRC-signaling
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Figure 4: SIFs delivered to the UE using RRC mechanisms

1. The UE signals to the SAE GW/UPE in order to establish the SAE bearer. 

2. After successful authentication the SAE GW/UPE requests the filters from the PCRF for this particular UE. 

3. The SAE GW/UPE sends a signalling request for the SAE RB assignment request which establishes a number of SAE bearers with different QoS characteristics based on the SIFs that are downloaded by the PCRF. The DLSIFs and ULSIFs are downloaded in the PCEF (SAE GE/UPE). In addition the ULSIFs are transported to the eNodeB. Together with that is also signalled over the S1 interface the necessary parameter that will assist the eNodeB to perform over the air QoS differentiation, such as for example the QoS label, Maximum Bitrate, TFTs, DSCP etc. 

4. The eNodeB upon receiving the SAE RB assignment request configures the number of RBs required for the number of the pre-established dedicated SAE bearers. In this example we assume that  3 different SAE Bearers corresponding to RBs with certain IDs 1,2,3 indicating different priority levels and QoS characteristics (i.e. which rely on the label, MBR, traffic handling priority parameters). It also transports to the UE the associated with the RBs ULSIFs.

5. The eNodeB acknowledges the establishment of the necessary RBs to the SAE GW/UPE with one single NAS signalling message, this establishes a single UP tunnel for the UE.

6. The UE installs the ULSIFs that will determine the uplink traffic differentiation to RBs with different priorities. 

Note: It is necessary to have a mapping mechanism between the SAE priorities and the traffic priorities indicated in the ULSIFs. They may rely on the same identifier or different identifiers which have a standardized mapping. One candidate that can be used to link the priorities across the radio and access network is the DiffServ Codepoint (DSCP). 

Note: The eNodeB will get the TFT information and map it to the appropriate priorities of the RBs it manages. For the downlink traffic, it needs to map the downlink traffic to the different priority RBs based on the TFT information provided by the SAE GW/UPE.  For the uplink traffic it may need to mark the packets according to the priority of the RB they come from, before forwarding them over the S1 interface. This is needed in order to provide some protection for misconfigured or hacked UEs.

7. The SAE GW/UPE installs the filters and inspects the traffic coming in performing the appropriate packet marking of the required label.

8. When the UE has uplink traffic which matches any of the SIFs it maps the traffic to the appropriate pre-established SAE bearer’ s corresponding RB based on the priority indicated in the filter.

9, 10. The appropriate RB is established for the UE.

Alternative 3 - SIFs delivered using “over-IP layer” mechanisms
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Figure 3: ULSIFs delivered to the UE using “over-IP layer” mechanisms

The only difference with the previous signalling flow is the fact that the establishment of the SAE bearer is not associated with the delivery of the SIFs to the UE. 

The SIFs are obtained by the UE using explicit “higher layer” signalling (e.g. HTTP, SIP SUBSCRIBE/NOTIFY) and the advantage is that with this mechanism the QoS rules can be applied to different access network types (e.g. 3GPP/non-3GPP) given the ULSIFs are not delivered using 3GPP-specific mechanisms. 

Each access network type needs to provide the appropriate mapping of the QoS priorities expressed in the filters to the specific of this radio technology. In the signalling flow we assume that the access network used is still LTE.

5 Examples

Example ULSIFs

/* Indicates QoS priority 1 for HTTP traffic to a particular HTTP server with IP address 192.168.1.1*/

	FilterID
	SrcAdd
	SrcPort
	DestAdd
	DestPort
	ProtoID
	DSCP

	1
	*
	*
	192.168.1.1
	80
	*
	AF11


/* Indicates QoS priority 2 for FTP traffic to a particular FTP server with IP address 192.168.1.2*/
	FilterID
	SrcAdd
	SrcPort
	DestAdd
	DestPort
	ProtoID
	QoS Prio

	2
	*
	*
	192.168.1.2
	20
	*
	AF21


6 Proposal

It proposed for SA2 to discuss the concepts described in this document and accept the concepts proposed in this paper and in more detail the usage of pre-established SAE bearer together with SIFs to provide UE-controlled QoS.
It proposed that the RRC delivery mechanism for ULSIFs (Alternative 2) to be incorporated in 23.401 and the mechanism of providing the ULSIFs using access agnostic mechanisms (Alternative 3) to be used for the delivery of ULSIFs for non-3GPP access networks and be incorporated in 23.402. 
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