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1 
Introduction

The current assumptions for the transport channel concept in HSDPA have been captured in [1]. Since different services with different QoS requirements need to be supported within HSDPA, multiple HS-DSCHs per CCTrCH are assumed. However, it has not been discussed so far in detail how these transport channels can be supported within the HARQ protocol. 

Therefore, this paper intends to address this issue and proposes a method of  including QoS considerations in the overall HSDPA concept.

2  
Transport Channel Model and Priority Handling

The current assumptions for the HS-DSCH transport channel model have been captured in [1]:

· There may be multiple HS-DSCH per CCTrCH. 

· If there are more than one HS-DSCH transport channels in a HS-DSCH CCTrCH, the transport format combinations are configured in such a way that for any transport format combination, there is a maximum of one transport channel having a transport format with one or more transport blocks.
This model allows to take into account different QoS requirements of different logical channels that are accordingly mapped onto different HS-DSCH transport channels.

However, it has not been discussed so far how these different transport channels are considered in the HARQ process. [1] states (section 7.2.3, Details of MAC-hs, UTRAN side):

· One HARQ entity is capable of supporting multiple instances (process) of stop and wait HARQ protocols. There shall be one HARQ process per HS-DSCH. Based on the restrictions on the TFCS of the HS-DSCH CCTrCH, HARQ processes shall not operate in a simultaneous fashion in the transmitter.

As a consequence of this assumption, there would be several HARQ processes, one for each HS-DSCH, with an own soft buffer (i.e. for an N-channel-SAW, there would be N channels per HS-DSCH).

In order to leave the required soft buffer independent from the number of services that can be supported simultaneously, it is proposed that different transport channels share one single HARQ process and one associated soft buffer (i.e. for an N-channel-SAW, there would only be N channels that are shared by all HS-DSCHs).

In order to identify the different HS-DSCH transport channels within the HARQ process, it is proposed to introduce a HS-DSCH identifier. Depending on the solution for the HS-DSCH transport format parameter signalling, this identifier may already be included in the HS-DSCH TFCI or it may be a separate parameter on the shared control channel. This needs further study. Different HS-DSCH transport channels are supposed to represent different QoS requirements and may be characterised by different values for the maximum number of retransmissions, different transport block sizes, etc.

Logical channels with same QoS requirement are supposed to be multiplexed onto the same transport channel HS-DSCH whereas different QoS requirements are reflected in different HS-DSCH transport channels.

It is assumed that Node B receives priorities of the HS-DSCH data over Iub that are then input into the scheduling process, similar to the Common Transport Channel Priority Indicator (CmCH-PI) over Iur in R99. So, there is no fix assignment between transport channel and priority, but instead there is a per MAC-d PDU priority handling in the MAC-hs intended. Therefore, it is ensured that packets with higher priority are scheduled first. Enhancements of the HARQ process to ensure such a behaviour are described in 3.1. 

3
HARQ Process 

3.1
Description of  the HARQ Process Using HS-DSCH Identifiers

Figure 1 describes the HARQ process when HS-DSCH identifiers are used to differentiate between the different HS-DSCH transport channels. The HARQ process follows the same principles as described in [2]. No sequence numbers are used to identify HARQ channels, and retransmissions are prioritized. Retransmission indicators are used. However, these assumptions are not a prerequisite for the QoS concept described in this document, because the proposal of handling different HS-DSCHs also works well with all other HARQ concepts.

In order to introduce the handling of several HS-DSCHs in the overall concept, it is required to enhance the process outlined in [2] with additional rules for the handling of the different HS-DSCHs identified by the HS-DSCH identifiers. 

The new rule says that packets of transport channels with different HS-DSCH identifier may be prioritized in the HARQ process. The decision to prioritize a certain HS-DSCH is made in Node B based on received priorities.

Figure 1 uses blue and magenta colour to differentiate between two different HS-DSCHs. The figure assumes N=4 as an example. In TTI 1 and 2, packet 1 and packet 2 of the blue HS-DSCH are transmitted, respectively. Packet 1 is not received correctly by the UE. UE is now waiting for the retransmission of blue packet 1 which can happen in TTI 5 at the earliest. In TTI 3 and 4, packet 1 and packet 2 of the magenta HS-DSCH are transmitted successfully. In TTI 5, another UE is scheduled, so no transmission occurs for the UE in the figure. In TTI 6, UE is scheduled again und would now expect to receive the retransmission of blue packet 1. With the newly introduced rule, however, magenta packet 3 is transmitted, because the magenta HS-DSCH has a higher priority than the blue HS-DSCH. Therefore, Node B has the freedom to prioritize the magenta packet over the retransmission of the blue packet 1 in order to meet the QoS requirements appropriately. In TTI 7 and 8, the retransmission of the blue packet 1 and a new blue packet 3 are transmitted, respectively.
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Figure 1
HARQ Process with HS-DSCH Identifiers
The proposed concept is a comparably robust approach. No sequence numbers are used and therefore no misinterpretation of sequence numbers is possible. Retransmission and initial transmission indicator ensure the detection of ACK/NACK misinterpretations.

At the same time, priority handling and consideration of different QoS requirements is included in the HARQ process without the need to increase soft buffer in the UE.

3.2  
In-sequence delivery

In-sequence delivery can be achieved by an implicit design within the HARQ operation. The principle is described in [3].

In order to support different HS-DSCHs in the same way, it is proposed to have separate reordering buffers for each transport channel. The HS-DSCH identifiers are used to route the HS-DSCH packets to the correct reordering buffer. Thus, reordering can be performed separately for each HS-DSCH, considering the individual requirements for each specific HS-DSCH (i.e. different max. number of retransmissions).

4  
Conclusion and Proposal

A concept for priority handling and its inclusion in the HARQ protocol has been proposed. Benefits of the concept are the efficient support of different logical channels with different QoS requirements, while avoiding any additional HARQ soft buffer in the UE. Error detection and in-sequence delivery possibilities of HARQ protocol remain unchanged.

It is therefore proposed to consider the following elements of the concept for further work:

· A HS-DSCH identifier is introduced in the downlink signalling requirements;

· Separate reordering buffers are foreseen for each HS-DSCH transport channel;

· Depending on Node B decision, higher priority HS-DSCHs may be treated first in HARQ protocol.
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