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Introduction

The current assumptions for the transport channel concept in HSDPA are captured in [1] where priority handling is considered. Different QoS requirements on radio bearer level are supported by data streams of different priority classes which can be multiplexed into a HS-DSCH transport channel.

This paper intends to address the issue of priority handling regarding the HSDPA MAC architecture.
HSDPA Data Flow
The HSDPA data flow is characterized by using non-transparent RLC transmissions (AM/UM RLC). The PDCP and RLC layers are unchanged from the R‘99 architecture. The current assumption for the HSDPA MAC architecture is, that the MAC-d entity remains in the SRNC. The MAC-hs SDUs are transferred from MAC-d to the MAC-hs via the MAC-c/sh. The MAC-hs entity terminates the HS-DSCH transport channel and is located in the Node B. The following figure shows the HSDPA data flow through the layer 2 entities. 
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Figure 1: Data flow for non-transparent RLC and MAC in HSDPA






Current Model for Priority Handling

For HSDPA it is currently assumed that the parameters „Priority Class Identifier“ and „Transmission Sequence Number (TSN)“ are signalled in-band in the MAC-hs PDU header in order to support in-sequence delivery and priority handling at the UE [1]. The „Priority Class Identifier“ is used to separate different priority classes in order to differentiate between logical channel priorities multiplexed in the same transport channel.
Regarding priority handling the following assumptions are currently stated in [1]:

· The scheduler receives MAC-hs SDUs based on information from the Iub frame protocol
· The scheduler services priority class queues
· The HARQ entity on the UTRAN side sets the „Priority Class Identifier“ based on priority class of the queue being serviced
· The HARQ process on the UE side arranges the received data blocks in queues based on „Priority Class Identifiers“
· Re-ordering is done for each priority class and transport channel configured at the UE
The current model suggests that there is a one-to-one relation between the priority class information received from Iub and the reordering queue of the HARQ process, i.e. the same identifier is used for identifying the priorities of the different data streams in the Node B scheduler and for identifying the reordering queues in the UE. 
It is assumed that the HSDPA Iub frame protocol will provide priority class information similar to the R’99 DSCH frame protocol on Iur (CmCH-PI). This information should then be used as an input to the Node B scheduler in order to decide which UE and which priority class queue to be serviced. The priority information is therefore an essential information for an efficient scheduling algorithm.

This priority model is shown in figure 2.
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Figure 2: Priority Model based on Priority Class ID – UTRAN side and UE side. 

Each Node B must be able to identify the origin of the data it receives via Iub in order to be able to serve the HARQ reordering queues appropriately. In case there is a one-to-one relation between the priority class identifiers on Iub and the logical channel data streams, this task can be fulfilled. However, depending on the applied algorithms in the different SRNCs that serve the Node B and due to reconfigurations (i.e. addition or removal of UEs and / or logical channels in the HSDPA configuration), the data streams represented by a certain priority class identifier might change from time to time. The Node B would then assume that a certain priority class is still representing data of a certain logical channel and would serve a certain HARQ reordering queue, while actually, the logical channel represented by that priority class identifier has changed and belongs to a different reordering queue. 
Due to these limitations, it is proposed to discuss the restrictions of the current model. An alternative approach is proposed in the following, where the priority handling in the scheduler and the identification of the HARQ reordering queue is de-coupled and considered as separate tasks within the HSDPA framework.
This would allow more flexible priority handling between users that are served by the same cell.
Alternative Approach for Priority Handling
This approach is based on a separation of the priority handling and the HARQ reordering queue identification. Therefore it is proposed to introduce a so-called “Queue ID” on Iub. This Queue ID uniquely identifies a data stream belonging to one reordering queue in the HARQ process. It is used to route the received  MAC-hs PDUs into the right re-ordering queue at the UE side after HARQ processing. Therefore the “Priority Class Identifier” in the MAC-hs header as it is currently proposed in TS 25.308 would be replaced by the “Queue ID”.
Figure 3 shows the resulting MAC-hs PDU.
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Figure 3:  MAC-hs PDU
The Queue ID is completely independent from the Priority Class Identifier which is received over Iub similar to Release 99 CmCH-PI. The Queue ID in the MAC-hs header would be introduced as an additional parameter within the Iub Frame Protocol in order to uniquely identify the origin of the data stream.
Since the Priority Class Identifier is an input to the scheduling process in the Node B, it would not have any meaning to the UE side and would not be visible to the UE. Therefore, it is not transmitted over the air.
Contrary to that, the Queue ID would be used by the Node B to serve the correct reordering queue in the HARQ process and to route the data to the correct reordering queue at the UE side. This parameter has obviously be transmitted over the air. In the MAC-hs header, the Queue ID field is set according to corresponding field received from Iub FP.


This priority model is shown in figure 4. In the figure is shown that Priority Class Identifiers on Iub corresponds to logical channel priorities. However, due to the separate Queue ID, the HARQ reordering process is not linked to the priority handling any more and it is always guaranteed, that the Node B serves the correct reordering process.
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Figure 4: Priority Model based on Queue ID and Priority Class ID – UTRAN side and UE side. 



Logical Channel Multiplexing and Identification

In figure 2 and 4, it has been assumed, that a queue is directly associated with a logical channel. Thus, effectively logical channel multiplexing takes place in MAC-hs. 
However, taking the functionality of the MAC-d entity into account two possibilities exist for the differentiation of logical channels. 
One method would be to always identify a logical channel by identifying the corresponding re-ordering queue indicated in the MAC-hs PDU header (direct mapping scheme: one-to-one). 
Another method would be to use the C/T field in the MAC-d PDU header when logical channel multiplexing functionality within one reordering queue is applied, i.e. one reordering queue can contain data of several logical channels. An architecture model for priority handling with logical channel multiplexing is shown in figure 5.
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Figure 5: Logical Channel Multiplexing – UTRAN side and UE side 

According to figure 5, the C/T field is included in each  MAC-d PDU. The following figure shows the MAC PDU formats used with HS-DSCH.
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Figure 6: MAC-d and MAC-hs PDU formats 
Regarding the direct mapping scheme which has been shown in figure 2 and 4, it should be discussed whether the C/T field is really needed in each MAC-d PDU for the case that several logical channels of different priority are multiplexed onto the same HS-DSCH, since it would be possible to identify them by the reordering queue. 
The parameter Queue ID in the MAC-hs PDU unambiguously identifies the queue exclusively used for a logical channel. The advantage is, that no additional information in the MAC-d PDU header (C/T field) is needed to identify the logical channel. The following figure shows the MAC PDU formats used with HS-DSCH.
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Figure 7: MAC-d and MAC-hs PDU formats
Considering the flexibility of logical channel multiplexing we propose to allow this functionality to be applied for HSDPA for logical channels of the same priority multiplexed to the same transport channel. Other individual logical channels of different priority which are configured for the same UE and also mapped on the same HS-DSCH transport channel could apply the direct mapping scheme without using the C/T field. Thus, the system can be configured for an optimal support of various traffic cases.

Conclusion

In this document some architectural issues regarding priority handling have been discussed. Two possible models have been presented and is has been shown that priority handling scheme which is based on  two independent parameters, one used for scheduling in Node B (Priority Class ID) and another used for identification of the re-ordering queue in UE (Queue ID) offers more flexibility to cope with different load situations in the cell. 
It is proposed to discuss the required scheduling flexibility and  the impact of each of the models on the HSDPA frame protocol.
Further, it has been shown, that it is beneficial for HSDPA using logical channel multiplexing on MAC-d level for logical channels of the same priority. Identification of logical channels is realised by the C/T field when this functionality is applied.

It is proposed to capture the results of this discussion in [1].
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