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Abstract of the contribution: This paper explores two concepts for providing different priorities for traffic flows that are mapped to a single SAE bearer, highlighting the impact to the presently defined L2 model of the radio interface.
1. Introduction
The present working assumption (plan of record) is that the SAE bearer is the granularity of QoS control (see TR 23.882, clause 7.12.5). The implication is that it is possible to provide differentiation on the radio only if multiple SAE Bearers (each consisting of one SAE Radio Bearer and one SAE Access Bearer) are established. Taking the default IP bearer service as the indicative example, one might expect to see different types of traffic (or service data flows) such as application signaling (e.g. SIP), interactive sessions (e.g. IM, web) and background flows (e.g. SMS). With the plan of record, multiple SAE bearers would need to be established for the default IP bearer service in order to differentially treat these types of traffic. The question has been raised as to whether QoS differentiation (in particular, priority) should be enabled for different types of traffic within a single SAE bearer - the notion being that setup and handover of one SAE bearer has less impact on the system (e.g. signaling overhead, context initiation/transfer) than managing multiple bearers. This paper explores two concepts for providing different priorities for traffic flows that are mapped to a single SAE bearer. The first maintains the 1:1 mapping between SAE and radio bearer. The second explores the option of mapping multiple radio bearers to one SAE bearer.

2. Overview

Figures 1 and 2 show the structure of the radio interface layer 2 (for network and UE, respectively) as presently defined in 25.813-700. These structures are consistent with the plan of record principle that one SAE bearer consists of exactly one radio bearer. Priority handling is performed in the MAC layer based on QoS attributes associated with the radio bearer (RB). In this L2 model certain expectations are placed on some lower layer functions by the users of that layer. Requirements are that (for a particular radio bearer) RLC/MAC provide in-sequence delivery of PDCP PDUs and that MAC provide in-sequence delivery of RLC PDUs

The L2 models shown in figures 1 and 2 are used as a baseline to contrast the concepts presented in the next two sections.
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Figure 1: Layer 2 Structure of DL in eNB and aGW
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Figure 2: Layer 2 Structure for UL in UE

3. Discussion of alternatives

Concept description number 1 (1:1 mapping of SAE and radio bearer)
Figure 3 shows the L2 structure for a concept that maintains the 1:1 relationship between SAE bearer and Radio bearer, but accommodates differential handling (priority) of traffic within the SAE bearer. In order for differential treatment to occur, it is assumed that some kind of “priority indicator” is passed across the PDCP SAP (service access point) for each packet. This indicator is likewise conveyed downstream across the RLC and MAC SAPs.
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Figure 3: Layer 2 for concept with 1:1 mapping SAE to radio bearer

Since priority and scheduling decisions are most effective when handled “close to the air interface,” a scheduler/priority handler (green block) is located in the MAC (which is no different than figures 1 and 2). Presently, priority handling at the MAC layer considers only the relationships between different users (downlink case) and different RBs per user. If the MAC scheduler were to consider different priorities within a RB in its decision process, it could potentially re-sequence the RLC PDUs that have been passed across the MAC SAP. This violates a presently defined requirement on the MAC layer where each Segm/ARQ entity expects in-sequence delivery of its RLC PDUs. Therefore, priority handling must extend to a point above the ARQ function (shown as the yellow block in the RLC layer). Coordination between the priority handling entities in the two layers (shown by dotted arrows in the figure) would have to occur for optimal operation. Alternatively, RLC/MAC could be restructured (collapsed) into a single “layer.”

Each ROHC/Security entity (as presently defined) expects in-sequence delivery of its PDCP PDUs. In the particular case of the network side, PDCP PDUs are launched downstream well in advance of priority-based scheduling decisions occurring in eNB. Therefore, a sequence of packets belonging to a particular priority class within the SAE bearer must be processed by a unique ROHC-Security entity. This requires a discrimination (distribution) function at the top of the PDCP layer and multiplexing function at the bottom. The discrimination at the top of the PDCP layer is based on the priority indicator associated with the packet as it crosses the PDCP SAP. Multiplexing requires a PDCP PDU format to allow one ROHC-Security entity to be distinguished from another. 

This concept differs from the plan of record in that it requires conveyance of a priority indicator across the PDCP SAP, a method and strategy for instantiating multiple ROHC/Security entities (one per desired priority class), a PDCP PDU format to accommodate these multiple instances, and re-definition of the RLC/MAC. Additional issues to consider with this concept are: 

1) Procedure for UE request of uplink resource assignment; (how) does the UE indicate the priority of the data it wishes to transfer over the RB?

2) RLC mode of the single ARQ entity associated with the single RB; is it assumed, for example, that acknowledged mode is appropriate for all the types of traffic directed to this bearer?

Concept description number 2 (1:n mapping of SAE and radio bearer)
Figure 4 shows the L2 structure for a concept that introduces a 1:n relationship between SAE bearer and Radio bearer to accommodate differential handling (priority) of traffic within the SAE bearer. The RLC/MAC layers are unchanged from figures 1 and 2, meaning the issue with the previous concept (1:1 mapping) of having to coordinate priority-based scheduling decisions made at the MAC layer with a priority handling block above ARQ does not exist. However, the discrimination block in the PDCP layer, above ROHC/Security, is still required. Like the previous concept, it is assumed that some kind of “priority indicator” is passed across the PDCP SAP for each packet.
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Figure 4: Layer 2  for concept with 1:n mapping of SAE to radio bearer
This concept differs from the plan of record in that it requires conveyance of a priority indicator across the PDCP SAP, plus a method and strategy for instantiating multiple ROHC/Security entities and RBs (one each per desired priority class). 
4. Conclusion
This contribution has contrasted the plan of record (namely, that the SAE bearer is the granularity of QoS control) with two alternate concepts, highlighting the impact to the presently defined L2 model of the radio interface.

The first concept presented (1:1 mapping) points to several changes to L2 as well as the need to establish a separate SAE bearer if unacknowledged mode traffic is to be supported in addition to acknowledged mode traffic. 

The second concept presented (1:n mapping) is only a slight variation to the plan of record. One possible distinction is if radio bearers are set up “on the fly” in response to detection of a new class of traffic (identified by the priority indicator) being mapped to the SAE bearer. NAS level signaling might be saved but RRC level signaling is not changed compared to plan of record.

The first concept is the most distinct alternative, however, replacing the plan of record with this alternative would require acceptance of the associated L2 changes.
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