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Introduction
A scheduler is a key functional block in the design of radio networks, and determines a specific UE and data to be served in a given time interval. Since the scheduler controls the allocation of radio resources among UEs, it can also decide the overall behavior of the system. A good scheduler needs to manage radio resources with fairness, and provide various services with guaranteed QoS. 
In HSDPA, the scheduler is located in Node B and selects a specific data block to be transmitted at a given TTI based on the channel quality and different traffic priority levels, where the priority level can be used to decide the order of transmissions while the channel quality is related with the size of the data block. The priority level of each MAC-hs SDU is essential information for scheduling since it is the unique information that can guarantee the required QoS in HSDPA. The priority level is delivered to MAC-hs together with associated MAC-hs SDUs using HS-DSCH FP, which contains the CmCH-PI value [4].

There are four different QoS classes in UMTS [1]. They are conversational, streaming, interactive, and background services. The main distinguishing factor between these QoS classes is how delay sensitive the traffic is. Conversational service is highly delay-sensitive service whereas background service is the most delay-insensitive service. Since HSDPA can support streaming, interactive, and background services [2], the scheduler should satisfy all QoS requirements of the services.

However, the HSDPA scheduler under consideration is only suitable for the “Interactive Service”, which mainly corresponds to internet applications such as www, email, telnet, and ftp services. Each interactive service is prioritized by the RAB priority level, which is assigned during RAB establishment procedure. The priority level for a specific interactive service is mandatory and is decided by an IE “Traffic Handling Priority” in the RAB Assignment Request message [3]. The priority level has an integer value within 0-15 and indicates the relative importance for handling of all SDUs belonging to the RAB compared to the SDUs of other RABs. CmCH-PI value is set to this priority level, and delivered to Node B to be used for scheduling.

The streaming service, a supportable QoS class of HSDPA, is mainly intended to carry real-time traffic flows. The relative priority in the streaming service is not so important as in the interactive services, because the streaming service is delay-sensitive. Most data of the streaming service should be transmitted within a predefined delay limit. There is no pre-defined priority level for the RAB of streaming service. Instead, “Transfer Delay” is defined during the RAB establishment procedure. The “Transfer Delay” is a critical QoS requirement to be satisfied by the HSDPA scheduler in streaming services.

Since the current Node B scheduler is considering only the priority information, additional delay information should be delivered to the scheduler to support streaming services. In this paper, we propose the scheduler to take into account the delay factor of streaming services.
Scheduling of streaming services

The “Transfer Delay” is defined for delay-sensitive services like streaming services, and indicates maximum delay for 95th percentile of the distribution of delay for all delivered SDUs during the lifetime of a bearer service [1][3]. When the parameter is defined in RAB attributes, it specifies the UTRAN part of the total transfer delay for the UMTS bearer. So, the HSDPA scheduler should satisfy the delay constraint for the delay-sensitive services.
In R99/R4 UTRAN, it is assumed that most streaming services are transmitted using dedicated resources. Therefore, supporting streaming services are responsibility of SRNC, and there is no need to deliver delay information through Iur frame protocols. SRNC just transmits the streaming data using the appropriate scheduling algorithms. However, since streaming and interactive data can co-exist in Node B of the HSDPA system, the Node B scheduler needs to know delay information as well as priority levels of MAC-hs SDUs.

In HSDPA, the delay in UTRAN is originated from queuing delay in RLC and transmission delay in MAC-hs. The delay in MAC-hs can be measured easily with an additional timer in MAC-hs. However, the Node B scheduler does not know the delay in RLC if the HS-DSCH FP carries only the priority levels. To inform the scheduler about the delay in RLC, an additional HS-DSCH FP format may be required. Therefore, in this proposal, we propose two separate frame protocol formats; one for interactive services, and the other for streaming services. The HS-DSCH FP format for the streaming service carries the MAC-hs SDU and the associated delay in the RLC layer, whereas the format for the interactive service contains the MAC-hs SDU and the associated priority level. For the steaming service, after receiving the delay in RLC, the scheduler in MAC-hs can estimate the total delay of the corresponding MAC-hs SDU, and can use the total delay for scheduling.

At first glance, an extra timer seems to be needed to measure the delay in RLC for a specific RLC PDU. But, there already exists an applicable timer in RLC. That is “Timer_Discard” that measures the elapsed time after the RLC SDU is delivered to the RLC layer. Therefore, the value of Timer_Discard is sufficient for the delay information in RLC. How to set the value in the frame protocol is to be determined.

Besides, the Node B scheduler needs to know the pre-defined delay limit (e.g. “Transfer Delay”) to guarantee the required QoS. To achieve this, additional NBAP signaling message is necessary to deliver some RAB attribute parameters from SRNC to Node B during the RAB establishment procedure.

Impacts on other specifications

There can be some influences on 3GPP specifications if this feature is added.

· TS 25.308 needs to include this feature and elaborate additional parameters for scheduling streaming services.

· TR 25.877 needs an additional HS-DSCH FP format to inform MAC-hs about the delay information of the streaming service.

· TS 25.433 needs additional NBAP messages to inform Node B about “Transfer Delay” in UTRAN.

Conclusions

In this paper, we have proposed a solution to guarantee the required QoS for the streaming services in HSDPA. Since the current HSDPA system does not support streaming services from the QoS point of view, the Node B scheduler needs to take into account the delay information of data.
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