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Abstract of the contribution: Evaluation and comparison of SAE Bearer Models for an architecture where PDCP resides in eNB.
1. Introduction

In this contribution, we discuss the characteristics of the current SAE bearer model in the context of a possible re-location of PDCP functionality. We also evaluate the current model in relation to a proposed model, where packet filter handling is moved from SAE GW to eNB. Finally, we conclude that no reasons to change the current SAE bearer model have been identified.

2. Current SAE Bearer Model
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Figure 1:
Current SAE bearer model in TR 23.882[1]

In the current SAE bearer model there is a one to one mapping between the SAE radio bearer and SAE access bearer, which together form an SAE bearer. The SAE bearer can carry one or more service data flows.

The currently assumed SAE bearer model enables the following functionalities:

· The signaling of QoS information from SAE GW to eNB for an SAE bearer.

· Admission control within the eNB when a service data flow requiring a guaranteed bit rate is initiated.

· The mapping of user data packets received on an S1 tunnel to a logical channel on the radio interface according to the QoS characteristics of this user data.

· The mediation of uplink packet filter information to the UE for mapping service data flows to uplink SAE radio bearers.
In the current SAE bearer model, the S1 has been modelled with multiple tunnels as depicted in Figure 1. Each access bearer is assigned a pair of tunnel end-point identifiers (TEID) designating a distinct tunnel. Another, functionally equivalent option would be to utilise a single user specific mobility tunnel where the packets of an aggregated flow are assigned distinct flow identifiers (e.g. DSCP, or other flow id) within the tunnel. 
The current bearer model is feasible for the case where PDCP resides in the SAE GW and consequently, IP headers are not visible within the eNB. However, it is important to note that the functionalities listed above can be equivalently implemented in the case where PDCP resides within the eNB, rendering IP headers visible within the eNB. A potential change in the location of the PDCP would not mandate the modification of the currently assumed SAE bearer model.
3. Comparison against a Proposed SAE Bearer Model

It has been proposed in [3] that the eNodeB would differentiate the different IP flows based on the IP flows themselves (5-tuples). This means that no bearer or flow specific identifiers or markers are used on the S1 interface. However, a UE specific mobility tunnel is still required.

We analyse the similarities and differences between the current and proposed SAE bearer models:
SDF Aggregation and Policy Control Architecture

The proposed model expands the granularity of QoS control within the eNB from bearer level to the service data flow level by moving the SDF aggregation point from the SAE GW to the eNB. QoS profiles are signalled and admission control is performed separately for each service data flow.  

The currently assumed policy control architecture in [2] is also split in two by distributing QoS control and IP-CAN bearer establishment to the eNB (For a list of Policy Control Functionalities, see Annex A). This increases the complexity of QoS handling within the eNB, whilst making it simpler within the SAE GW. 
Which level of PCEF functionality can be assumed within the eNB? Whilst the GW can be deployed with a minimalistic or an advanced set of PCC features, is may not be equally realistic to expect that functionalities such as flow identification by packet inspection or by pattern detection will also be available within the eNB.

Granularity of Air Interface Scheduling
It is important to note that the granularity of air interface scheduling should be detached from the considerations on the aggregation point of service data flows. In practice, it is no more nor less complex to support a given number of SAE radio bearers regardless of the location of SDF aggregation.

Identification of QoS flows

In the current model, QoS flows are identified in the eNB by RBIDs and TEIDs (other option: DSCPs, flow ids). In the proposed model DL QoS flows are identified by DL TFT and UL QoS flows with an RBID. Although all these identification options work, the usage of any type of aggregation reduces the efforts in the eNB and prevents the need for any updates of the identification mechanism once a SAE bearer is established.

Admission Control
In the current model, admission control is performed for a bearer upon a GBR SAE bearer establishment or modification. In the proposed model, admission control is performed for a service data flow requiring GBR. 
This means that in the proposed model, the eNB should apply admission control per SDF e.g. for real time sessions which include different voice and video components. In the current model, admission control would be performed for the aggregated set of service data flows within one bearer. 

Signalling of Uplink Mapping

In the current SAE bearer model, session management signalling originates from the MME, where the NAS protocol resides. If PDCP moves down to the eNB, the C-plane modelling of session management functionalities may be modified also for the currently assumed SAE bearer model so that the UL TFT is signalled from an SM layer within the eNB. This is FFS. In the proposed model, it is in any case required that session management signalling such as UL TFT mapping originates from the eNB. This aspect shows no critical differences between any of the options.

Granularity of QoS Information

In the current model, the eNB receives a QoS label and bit rates for a bearer during SAE bearer establishment and during potential bearer modifications. In the proposed model the eNB receives the same QoS label and bit rates for a service data flow.  This means that the granularity of QoS information for radio scheduling is only the same in both models if the SAE bearer establishment or modification was triggered by a single service data flow only. Furthermore, the eNB would need to have the logic and operator configuration about how to combine the bit rates of multiple service data flows to derive the QoS parameters of the radio bearer.
Inter-RAT handovers
For inter-RAT handovers, it is beneficial that the SDF to SAE bearer mapping is not changed if possible in order to achieve an efficient SAE bearer to PDP context mapping. Furthermore, it can be expected that the context exchange for aggregated QoS information is faster and less complex than the per SDF signaling.

For inter-RAT handovers, it is also beneficial that the SAE bearers and 2G/3G bearers share the same termination within the SAE GW.
4. Conclusion 
The visibility of IP headers within the eNB would open the possibility for a redistribution of PCEF functionality between eNB and SAE GW, but the redesign of the PCC architecture is not a necessary consequence of moving PDCP to the eNB. No clear justifications for this have so far been identified. It is also noteworthy that the modeling of a single mobility tunnel on the S1 does not require packet filtering at the eNB.

The current model has the benefit of more efficient QoS flow identification, aggregated QoS handling and admission control, supporting easier interworking during inter-RAT handovers and of keeping the currently assumed PCC architecture intact. 

Therefore, our proposal is to retain the currently assumed SAE bearer model, and to detach the SAE bearer modeling from the discussions on PDCP location.
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End-to-end Quality of Service (QoS) concept and architecture

Annex: Policy Control Functionalities

According to [2], policy control comprises functionalities for:
· Gating control, i.e. the blocking or allowing of packets, belonging to a service data flow, to pass through to the desired endpoint;

· Event reporting, i.e. the notification of and reaction to application events to trigger new behaviour in the user plane as well as the reporting of events related to the resources in the GW(PCEF);

· QoS control, i.e. the authorisation and enforcement of the maximum QoS that is authorised for a service data flow or an IP-CAN bearer.

· IP-CAN bearer establishment for IP-CANs that support network initiated procedures for IP-CAN bearer establishment
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