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QoS uplink priority based scheduling for EMST
1 Introduction

There is currently ongoing work in GERAN WG2 specifying a mechanism that introduces support for multiple simultaneous RLC engines within a single TBF (aka EMST, see [1], [2], [3]). This work introduces similar mechanism as already supported by a feature known as Multliple TBF [4]. 
The justification for this work is given by the fact that supporting companies recognizes the high complexity of the MTBF support on the mobile station side enforced by the possible fragmentation of the assigned radio resources (time slots) across the RLC engines. Hence it is the opinion of the authors of this paper that EMST mainly provides a simplification with regards to the mapping of the RLC engines to the assigned time slots. Further on it is the opinion of the authors that the ambition with EMST is to provide the same service level with regards to support of the user plane transfer originating from distinct PDP Contexts which may require distinct RLC entities as when using MTBF. Any simplifications shall be carefully reviewed and the possible limitations examined and justified.
Some modifications to the specifications required for the introduction of EMST to the specifications have been already discussed and proposed [5], [6], [7], [8]. The core of EMST implies that there will be multiple user plane flows, associated with distinct PDP Contexts, in the uplink as well as in the downlink direction that may use distinct simultaneous RLC entities. This paper discusses how these flows shall be multiplexed on the uplink direction, i.e. in the mobile station, in a QoS based prioritized way over the shared radio resources.
2 Background
A common working assumption within GERAN is that different user plane flows, given they are associated with distinct applications that have different QoS requirements with regards to the delay, loss of information (e.g. FER) etc, and shall therefore be prioritized when transmitted over shared radio resources based on these requirements to achieve highest possible end user experience.

For example any chat-like application imposes radically higher requirements on responsiveness compared to a web-download and thus shall be prioritized when both compete for access to shared radio resources. It is interesting to note that in this example both applications use RLC AM and in case a single RLC entity is used then prioritization must take place regarding what RLC data block(s) to transmit next, assuming that LLC PDUs associated with the PFI used for the chat as well as for web-download application are available in the LLC layer. Note that when EMST is used and an LLC PDU is received from upper layers, RLC will be aware of the corresponding priority and will therefore be able to make transmission priority decisions on a per RLC Data block basis (i.e. for EMST it is the PFC that has a specific priority, not the RLC entity it makes use of).
Another well known example is the support of any single conversational application, e.g. VoIP and a web-download-like application simultaneously. All user plane used for VoIP shall be prioritized to achieve a sufficiently good quality with regards to latency and FER.
Practically speaking we may have different PFCs that map to the same RLC entity but are not aggregated as per the ABQP concept simply because they are dissimilar when it comes to QoS attributes. To allow this we have no choice but to allow:

· 1 RLC entity serves up to “m” PFCs where each PFC may consist of up to “n” aggregated PDP Contexts (as per ABQP).

· When there are multiple PFCs served by a given RLC entity then the corresponding LLC PDUs must be multiplexed on a RLC data block basis so that a long lower priority LLC PDU from PFC1 will never hold hostage a higher priority LLC PDU from PFC2.

· We accomplish this flexibility by simply allowing for PFC specific TFIs on a given RLC entity.

It should also be noted that it is not a requirement for the SGSN to support PDP Context aggregation.

When multiplexing different user plane flows on the downlink using QoS based prioritization, the network may use the QoS information available in the ABQP [9]. This appears to be a straight forward approach also when introducing EMST where support for PFI in the mobile station and the network is proposed to be mandatory [5]. 

However, EMST exposes a simplification when compared to MTBF when examining the mechanisms that provide prioritized uplink multiplexing for the user plane flows associated with distinct PDP Contexts, which may be mapped on distinct PFCs in a single mobile station scenario using one or more RLC entities. 
In the MTBF case the network may assign distinct USF values to each TBF, that in turn is mapped to a single RLC entity which serves a user plane flow associated with a single PFC, through which it can enable priority based user plane scheduling on the uplink direction using exactly the same QoS information available in the ABQP as in the downlink direction and thus a consistent operation in both directions can be ensured.
Through introduction of a single USF [5] for the uplink user plane flows associated with multiple PDP Contexts which may be mapped on multiple PFCs, EMST on the other hand prohibits a network controlled QoS based prioritization of multiple user plane flows on the uplink direction.  Hence the QoS based multiplexing in the prioritized way on the uplink direction becomes an inherent function of the mobile station. Obviously this is a new functionality that comes with the introduction of EMST and as such careful consideration of alternatives to the MS being the master entity for determining PFC specific priority treatment are needed. In the next chapter different solutions to this problem are presented.
3 Proposed solutions

In this chapter three different approaches are presented and discussed.
3.1 Alternative 1, do nothing, aka “implementation specific approach”
So far it has been proposed that uplink multiplexing in the mobile station shall be implementation specific [5]. This implies that an operator:

· must understand different mobile station vendors’ implementations (i.e. a given application of high interest to an operator must be treated as having the desired priority across all MS platforms).
· must verify every new added application with each mobile station vendor

· will face cumbersome network configuration work to deal with a variety of implementations

· cannot introduce new QoS related concepts and features, e.g. Rel-8 QoS [LTE spec] w/o impacting the mobile stations

basically, it is a dead-end.
3.2 Alternative 2, Radio Priority based approach

One way to solve the problem would be to re-use the parameters that are already available in the legacy RLC/MAC procedures for comparable decisions.

In [4] the parameter Radio Priority is used when establishing a user plane transfer for a PFI that is currently not served by the assigned TBF. This procedure could be considered as a very special flavour of uplink user plane multiplexing. 
The parameter Radio Priority is assigned per PFI by the SGSN at PDP Context activation procedure [10]. However, unfortunately there is no clear relation or mapping between the QoS attributes that are available in ABQP (used for downlink prioritization) and the Radio Priority that is used for uplink prioritization.
Introducing a well defined mapping of Radio Priority to the attributes contained in ABQP would require updates to the CT specifications and thus result in impacts due to EMST outside of GERAN.
The authors of this paper assume that EMST shall have no impacts outside GERAN specifications and thus reject this alternative.
3.3 Alternative 3, BSS assigned strict priorities
In this paper it is proposed to relieve the mobile station vendors from the burden of the support for a parameter ‘x’-based prioritization when multiplexing uplink user plane flows with EMST.

It is assumed that it is beneficial if all QoS based radio resource sharing decisions are transferred to a single node, i.e. to the BSS. As per legacy operation the BSS is responsible for the priority based access to the shared downlink radio resources and in the MTBF case also to the shared uplink radio resources. This may, as described earlier,be based on the QoS information available in the ABQP. It is proposed that for the EMST case the BSS takes also the responsibility for the uplink direction. If this can be agreed then there is a single node that takes the decisions based on the same set of information and thus consistent priority operation can be ensured for both the uplink and downlink. Using this approach, any QoS related changes (and corresponding impacts on priority) in the future would only affect a single node and no updates to the mobile stations nor CN would be required.

The mechanism by which this can be achieved has been already introduced in other 3GPP Radio Access Technologies like HSPA and LTE [11]. Thus one more benefit will be provided to the operators as well as to the vendors, i.e. the same single concept is used across different RATs.  It is proposed that BSS provides strict priority information for each PFI for which a TBF or RLC entity assignment is sent. The mobile station shall performing uplink multiplexing as follows:
1. Follow the BSS indicated priorities in a strict order when multiplexing RLC data blocks corresponding to PFCs with different priorities.

2. In the case where two PFCs have the same priority, simply transmit RLC data blocks corresponding to these PFC using a round-robin scheduling.

 As explained above we cannot assume that all PDP Contexts that map to the same RLC entity will necessarily be aggregated according to the ABQP concept (i.e. not all PDP Contexts that map to the same RLC entity will have similar enough QoS attributes to be aggregated). For example, PDP Contexts that make use of RLC NPM where the delay attributes can vary and yet we still want RLC NPM since we want to limit the number of resends for any given RLC data block. We accomplish this thru one of the following:
(a) Allowing multiple instances of any type of RLC entity;

 OR

(b) Allowing a single instance of any type of RLC entity but multiple PFCs per RLC entity where multiple PDP Contexts may be aggregated for any given PFC. 

So case (b) is just another way of accomplishing case (a). 
4 Discussion and conclusions

In this paper the implications with regards to the multiplexing of user plane flows associated with multiple PDP Contexts on the uplink direction on shared radio resources have been presented and discussed. Especially, it has been emphasized that due to the usage of a single USF with EMST the network cannot, as in the MTBF case, control the uplink multiplexing of user plane flows that may be associated with distinct QoS profiles. Examples have been provided where such QoS information based uplink prioritization is beneficial.

Three solutions have been presented and discussed. Based on the analysis of all solutions it is proposed here to specify a solution that is well aligned with the solution specified for other 3GPP RATs whereby BSS assigns strict priorities per PFI at TBF/RLC entity assignment (i.e. the BSS shall be the master entity for determining PFC specific priority treatment to be applied in the MS).
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