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1. Introduction

It has already been agreed that the Enhanced Uplink channel will employ synchronous HARQ based on ACK/NACK indication sent from active set Node Bs. The ACK/NACK indication will be transmitted on a channel whose timing is aligned with P-CCPCH, whilst the Enhanced Uplink channel will be aligned to the DPCCH, hence may not be exactly aligned with the ACK/NACK timing.
Some significant aspects that still need to be addressed in RAN1 and RAN2 relating to the operation of the HARQ include:

· The number of HARQ processes that should be supported

· Whether the Relative and Absolute grant scheduling decisions should be process specific and be able to take into account HARQ retransmissions at their time of application

· The timing granularity for E-HICH (1 slot, 3 slots or 15 slots (10msec TTI) )
· The duration of E-HICH, in particular in the case of 10msec TTI

This paper summarises the discussion on the number of HARQ processes and presents some opinions on the issues raised above

2. E-RGCH, E-AGCH, E-HICH timing

2msec E-DPDCH TTI

The E-HICH, E-RGCH and E-AGCH have a TTI of 3 slots. The grants may be HARQ process specific or applicable to all processes. Furthermore, process specific grants may take into account whether the E-DPDCH transmission immediately following a grant will be a first transmission (which may be affected by the grant) or a retransmission.
If the grants are not process specific or do not take into account retransmission status, then a 1 slot granularity for the timing alignment of E-HICH can be achieved.

If the relative grants are to be process specific, then E-HICH and E-RGCH need to be aligned. If the absolute grants are process specific, then E-AGCH needs to be aligned to E-HICH. From a scheduler perspective, it would be helpful to have the following conditions met:

· E-AGCH timing aligned to 2msec for all UEs, to enable efficient management of E-AGCH

· E-RGCH aligned to E-AGCH

These two conditions imply that if grants are to be process specific and take into account scheduling information, then the granularity of the E-HICH timing alignment should be 2msec.

We consider that process specific grants (at least for RGCH) and knowledge of HARQ retransmission status when a grant is to be applied is important for the Node B scheduling process, and hence consider the 2msec alignment preferable.

[image: image1.wmf]1

2

3

4

5

6

7

8

9

10

Grant Channel

E-HICH

Grant 10 applied

here

Grant 10 calculated

here

ACK/NACK status

shortly after grant

10 applied is not

known until here

TFC selection

based on grant 10

that did not know if

there was a

retransmission


Figure 1 Asynchronous E-HICH and grant channels. Whether a retransmission will be applied shortly after a grant is not know when the grant is calculated
[image: image2.wmf]1

2

3

4

5

6

7

8

9

10

Grant Channel

E-HICH

Grant 10 applied

here

Grant 10 calculated

here

ACK/NACK status

when grant 10

applied is already

known here

ACK/NACK applied

here; TFC selection

based on grant 10


Figure 2 E-HICH aligned with grant channels; grant can be based on a knowledge of whether a retransmission is to be performed

10msec E-DPDCH TTI

The same arguments regarding E-HICH granularity can be applied for the 10msec TTI, implying that the E-HICH can have a granularity of 1 slot or 10msec, depending on whether retransmissions for process specific grants are to be taken into account. 

An additional possibility is to keep the transmission time of the downlink channels as 2msec. In this case, the alignment of E-HICH may be also 2msec.

3. Number of HARQ processes

The latencies between HARQ retransmissions are made up of the following components:
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Figure 3 HARQ RTT breakdown for 2msec TTI

where:

TTIEDPDCH = E-DPDCH TTI Length

Talign = Granularity of time alignment between E-DPDCH and E-HICH

TUE = UE processing time, including propagation time
TNode B = Node B processing time, including propagation time
Tschedule = Time required for node B scheduling decision

TTIE-HICH = E-HICH transmission length

For the 2msec TTI, when scheduling is taken into account, then the total round trip time is:

(TTIEDPDCH =2msec) +  (Talign = 2msec) + (TUE = 2msec) + (TNode B = 3msec) + (Tschedule = 1msec) + (TTIE-HICH = 2msec)  = 12msec

This relates to 6 HARQ processes

If scheduling is not taken into account, then the 2msec scheduling time need not be considered and slot alignment of E-HICH can be used, hence the time budget becomes:

(TTIEDPDCH =2msec) +  (Talign = 0.67msec ) + (TUE = 2msec) + (TNode B = 3msec) + (TTIE-HICH = 2msec)  = 9.67msec

This implies 5 HARQ processes
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Figure 4 HARQ RTT breakdown for 10msec TTI

For the 10msec TTI, if scheduling is taken into account and the TTI for E-AGCH and E-HIGH are 10msec, then the total round trip time becomes:

(TTIEDPDCH =10msec) +  (Talign = 10msec) + (TUE = 6msec) + (TNode B = 7msec) + (Tschedule = 1msec) + (TTIE-HICH = 10msec)  = 44msec

This implies 5 HARQ processes

If scheduling is not taken into account, then:

(TTIEDPDCH =10msec) +  (Talign = 0.67msec) + (TUE = 6msec) + (TNode B = 7msec) + (Tschedule = 1msec) + (TTIE-HICH = 10msec)  = 34.67msec

This implies 4 processes

However, if the TTI of the E-AGCH and E-HICH are kept at 2msec, then the RTTs become 28msec and 26.67 msec for the respective cases of scheduling being or not being taken into account; i.e. 3 HARQ processes in both cases.

Summary
	
	Scheduling & HARQ linked
	Scheduling & HARQ not linked

	2msec E-DCH
	12msec / 6 Processes
	9.67msec / 5 Processes

	10msec E-DCH

10msec E-HICH & grant channels
	44msec / 5 Processes
	34.67msec / 4 Processes

	10msec E-DCH

2msec E-HICH & grant channels
	28msec / 3 Processes
	26.67msec / 3 Processes


Table 1 HARQ RTT and required number of processes
4. Conclusions
The following conclusions are recommended with respect to the HARQ processes:

· Scheduling information is process specific (at least for relative grants) and is related to ACK/NACK decisions; this may carry the penalty of an extra 2msec RTT for the 2msec TTI, but is outweighed by the advantages for scheduling. For the 10msec TTI, there should be no RTT penalty

· For the 10msec TTI, keep the TTIs for E-AGCH and E-HICH as 2msec.

· The number of HARQ processes should then be 6 for the 2msec TTI and 3 for the 10msec TTI.

