3GPP TSG RAN WG1/2 Joint Meeting on HSDPA                    
12A010013

Sophia Antipolis, France, 5-6 April 2001
Source: 

Siemens

Title: 
 Quad-channel Stop and Wait HARQ in TDD Mode
Agenda Point:    
4

Document for:

Discussion


1 Introduction

For the support of High Speed Downlink Packet Access it is proposed to use an N-channel stop-and-wait HARQ mechanism. The principle of this mechanism is described in [1].

This document presents a discussion on quad-channel SAW HARQ methods in TDD mode.

A modified quad-channel SAW method will be introduced, which allows for more efficient use of physical uplink resources in TDD mode.

2 Quad-channel SAW

In order to provide both fast acknowledgement and high throughput of HS-DSCH data blocks, the usage of N-channel SAW was agreed in the last RAN WG2 meetings.

Dual-channel and quad-channel concepts are special versions of this N-channel concept.

In general, the different versions may be restricted by Physical Layer requirements. 

One main advantage of dual-channel SAW is the low memory requirements at the UE for combining HS-DSCH data blocks, while quad-channel SAW allows to increase the processing times both for UE and NodeB.

This chapter introduces a modified quad-channel SAW method and compares it with the quad-channel SAW method that is described in [1].

For clarification, the quad-channel SAW method described in [1] is called “common quad-channel SAW method” in this paper. 

2.1 Common quad-channel SAW

For the following considerations, it is assumed that the HS-DSCH data blocks are transmitted over the HS-DSCH. Feedback information, like acknowledgements, is transmitted over HS-PUCCH. Details are described in [2].

Figure 1 shows the timing diagram for sending acknowledgements by two UEs for common quad-channel SAW.


Figure 1: timing diagram for sending acknowledgements for common quad-channel SAW

Each UE that receives HS-DSCH data blocks requires a physical uplink resource on the feedback channel for sending the acknowledgement. In the case of TDD mode, this physical uplink resource is one timeslot and one code.

Since every HS-DSCH data block needs to be acknowledged, this physical uplink resource is allocated at least for the same duration as the transmission in downlink direction.

Figure 1 illustrates that two uplink resources are allocated to acknowledge the HS-DSCH data blocks of both UEs. In general, in the case of more than one UE, all of them receiving HS-DSCH data blocks at the same time, the number of physical uplink resources needed for the feedback information is equal to the number of UEs.

In [2] it is proposed to use a High Speed Physical Uplink Control Channel (HS-PUCCH) for the transmission of feedback information. Although the HS-PUCCH is shared between several UEs, the number of UEs that are able to transmit feedback information within the same TTI is restricted to the number of available physical uplink resources in that TTI.

2.2 Modified quad-channel SAW

Since all the feedback information signaled on the HS-PUCCH should possibly be sent within one timeslot, a modified quad-channel SAW method is proposed to manage uplink resources more efficiently.

Figure 1 shows that the common quad-channel SAW method acknowledges the HS-DSCH data blocks frame by frame.

The modified method sends the acknowledgement of each two successive HS-DSCH data blocks together, allocating only one instead of two physical uplink resources.

Figure 2 illustrates the principle of the modified quad-channel SAW method. It shows the timing diagram for sending acknowledges for the example of two UEs.


Figure 2: timing diagram for sending acknowledgements for modified quad-channel SAW

In this example, PDU1 is sent in TTI n and a possible retransmission could be sent in TTI n+4. PDU2 is sent on TTI after PDU1 and also a possible retransmission could be sent one TTI after a retransmission of PDU1.  If the acknowledgement for PDU1 and PDU2 can be sent early enough, within the same TTI, only one physical uplink resource is required for the acknowledgement of PDU1 and PDU2. This physical uplink resource can be shared between two UEs, since it is required only every second TTI per UE for acknowledging the downlink data.

Figure 2 illustrates that only one uplink resource is allocated to acknowledge the HS-DSCH data blocks of both UEs.

Note that it is intended to send the acknowledgement of every single HS-DSCH data block, not one common acknowledgement for both HS-DSCH data blocks. 

This method requires either the UE or the NodeB to perform the processing as fast as required for dual-channel SAW. However, if the UE can meet these requirements, the acknowledgement of each two HS-DSCH data blocks can be sent in TTI n+2. On the other hand, if NodeB can perform the required processing in time, the acknowledgement could be sent one TTI later, in TTI n+3. 

Since only half the number of physical uplink resources is required for uplink signaling, this method doubles the number of UEs that may transmit simultaneously on the feedback channel.

It should be possible to configure which of these methods, common or modified quad-channel SAW, should be used for HS-DSCH transmission in order to provide an optimized usage of the uplink resources depending on the traffic situation. 

3 Conclusion and Proposal

In this document, a modified quad-channel stop and wait HARQ method has been presented and compared with the common quad-channel SAW HARQ method.

It could be shown that for TDD Mode, the modified quad-channel SAW HARQ shows advantages over the common quad-channel SAW HARQ, since the available capacity on the feedback channel is used more efficiently. 

It is proposed to agree on the usage of  both methods of quad-channel SAW HARQ for HSDPA in TDD mode.

4 References

[1] 3GPP TR 25.950: “UTRA High Speed Downlink Packet Access”

[2] 3GPP TSG RAN1/2 AH: 12A010010, Signalling Requirements for HSDPA in TDD Mode































































































































UE y





PDU…





PDU1





PDU2





PDU3





PDU4





Time





PDU5





PDU1





PDU2





PDU3





PDU4





PDU6





…





Time





Acknowledgement





PDU4 + PDU5





Acknowledgement





PDU1





PDU…





PDU2





PDU3





PDU4





UE x





PDU6





…





PDU1





PDU2





PDU3





PDU4





PDU5





TTI


Channel





n+3


4





n


1





n+1


2





n+4


1





n+5


2





n+2


3





Acknowledgement








PDU2 + PDU3








PDU…+ PDU1








PDU3 + PDU4








PDU1 + PDU2








Acknowledgement





PDU5





PDU6





PDU4





PDU3





PDU2





PDU1





UE y





…





PDU6





PDU5





PDU4





PDU3





PDU2





PDU1





UE x





…





n+5


2





n+4


1





n+3


4





n+2


3





n+1


2





n


1





TTI


Channel








