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Introduction

The purpose of scheduling in mixed service environments is to ensure that available resources are used efficiently and that QoS requirements of each admitted user are satisfied. This is achieved by selecting an active flow of a UE in each TTI based on available information. QoS requirements that shall be met by RAN are expressed by means of a set of RAB attributes [2]. QoS attributes are transferred from CN to RAN in RAB Parameters IE of the RANAP protocol during RAB establishment procedure [3]. While some of the attributes are used only once after RAB establishment to configure lower layers, others are likely to be processed on a dynamical basis in the scheduling function.  

The scheduling function for R99/R4 DSCH is part of the MAC-c/sh entity which is located in CRNC. The MAC sublayer is distributed if CRNC and SRNC are not collocated. For HSDPA the scheduling functionality, now part of MAC-hs, is moved to the Node-B. Another difference is that the MAC sublayer is always distributed between RNC (MAC-d) and Node B (MAC-hs).Therefore it should be revised which parameters have to be made available to the Node B. 

HSDPA shall, besides interactive and background traffic, also support streaming services [1]. This contribution addresses the problems arising from these requirements and discusses possible solutions. In the following subsection relevant QoS attributes and different ways of transferring these parameters to Node B are discussed. 

Relevant QoS Attributes
Interactive and background traffic classes are served on best-effort principle. Traffic Handling Priority attribute can be used only to establish relative priorities between SDUs belonging to different RABs. This attribute can be sent to Node B via CmCH-PI field of frame protocol [6]. Streaming traffic class on the other side should be served so that Guaranteed Bit Rate and Time Delay requirements are met. If streaming is seen as an important service for HSDPA a certain resource reservation based on these attributes seems to be necessary for this class. Channel state dependent scheduling only is used to maximize overall throughput without considering QoS. In [4] it is stated that variable rate streaming applications are particularly suitable for transmission over HS-DSCH since the available throughput varies in accordance with temporal channel variations. Thus, QoS requirements should be taken into account in a traffic class dependent part of the scheduling function. 

Streaming applications seem to be more sensitive to packet loss than to jitter, since for the user it is better that a video picture is displayed late than that some of its parts are damaged. For interactive and background classes the preservation of payload contents is also important. RRC can use SDU Error Rate attribute to set the maximum allowed number of transmissions of RLC AM and MAC-hs HARQ accordingly. Since RRC knows the configuration of RLC (AM or UM mode), it is advantageous that maximum number of retransmissions is configured by RRC. 

On the basis of Guaranteed Bit Rate attribute sufficient amount of resources can be allocated to streaming class on a deterministic basis. This information can also be used to prevent streaming application from using more resources than necessary in good channel conditions. This could preempt the allocation of resources to other streaming users that are in slightly worse channel conditions but whose guaranteed bit rate has not been fulfilled. By comparing Guaranteed Bit Rate attribute with realized throughput, this situation can be avoided. 

The usage of Time Delay requirement considering RLC processing delay for scheduling purposes is proposed in [5]. The knowledge of Time Delay may be useful as another criterion to arbitrate between streaming users having similar channel conditions, same Guaranteed Bit Rate and realized throughput. We would like to emphasize that both Time Delay and Guaranteed Bit Rate Attributes should be considered when streaming class is scheduled.

To transfer Guaranteed Bit Rate, Time Delay and RRC settings to Node B, an additional IE of NBAP protocol could be used. It should be noted that transmitting QoS attributes by NBAP IE does not create too large signaling burden, since this is done only during RADIO LINK SETUP and RADIO LINK RECONFIGURATION procedure. The information on RLC processing delay could also be delivered via HS-DSCH FP [5].  

Conclusions
The basic intention of this document is to initiate discussion on HSDPA scheduling when streaming, interactive and background traffic classes are present. From the contribution it is deduced that HSDPA efficiently supports interactive and background service class. For effective scheduling of streaming it was concluded that more information will need to be made available to the Node B via the NBAP to consider QoS attributes in the scheduling function. It should be discussed if this functionality shall be part of Release 5 or is seen as a future optimisation of HSDPA. 
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