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1
Introduction
The timing of DL HARQ and scheduling channels for E-DCH depends upon the number of HARQ processes, the scheduling mechanism and procedures, allowed peak E-DCH data rate and the PhCH structure of the DL channels.

In this document, we analyze the impact of all parameters on the DL timing. We then propose a timing structure and mechanism.

2
Analysis

2.1
Decoding Time

In HSDPA, the UE is required to decode the HS-DSCH and send an ACK/NAK on HS-DPCCH in approx. 7.5 slots. The peak data rate for HS-DSCH, using code rate 1 and 16-QAM, is 14.4 Mbps. 

For E-DCH, the peak data rate is envisaged to be much smaller, less than 7.2 Mbps. 

Based on [1], we will assume the following:

1. E-DCH TrBlk size is less than 14,400 bits for 2ms TTI

2. E-DCH TrBlk size is less than 28,800 bits for 10ms TTI

Assuming that the Node-B has the same processing resources as a HSDPA category 10 UE, the turn-around time for the Node-B to decode a packet and send ACK/NAK is:
1. 3.75 slots for 2ms TTI
2. 7.5 slots for 10ms TTI
2.2
DL Timing – 2ms TTI

Consider the 2ms TTI timing diagram in Figure 1 with 5 HARQ processes. The UL E-DCH timing with 2ms TTI is assumed to be aligned with DPCCH.
For each UE:

· The DL DPCH timing can be offset from P-CCPCH by an integral multiple of 256 chips

· Number of possible DPCH frame offsets = 150

· The UL frame timing begins approximately 1024 chips after the reception of the 1st arriving DL DPCH path

· In the figure, this has been approximated as 0.5 slots for convenience.
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Figure 1
EUL Timing – 2 ms TTI
2.2.1
Impact on ACKCH

We will assume that each UE has at least 1.5 slots to encode a new set of blocks for a new transmission or a retransmission.

2.2.1.1
TDM ACKCH

With a TDM ACKCH punctured into the DL DPCH for each UE, the Node-B always has 7.5 slots to decode E-DPDCH and send ACK/NAK.
From the argument in section 2.1, this turnaround time fits within the Node-B timing budget.
2.2.1.2
CDM ACKCH
With a CDM ACKCH sent on a common DL channel, the number of slots available at Node-B to decode E-DPDCH and send ACK/NAK varies from UE to UE.

· Best DL case = 7.5 slots

· UE has 1.5 slots to encode a new set of code blocks

· Nominal DL case = 5.5 slots

· UE has 3.5 slots to encode a new set of code blocks
· Worst DL case = 3.75 slots

· UE has 5.25 slots to encode a new set of code blocks

Assuming a timing budget based on the nominal DL scenario, the Node-B can send the ACK/NAK for those UEs whose DL DPCH frame offsets are within 5120 chips of each other. This translates to a maximum of 20 UEs.

As mentioned in [2], using SF256, QPSK and a length 20 Hadamard sequence, the Node-B can send the ACK/NAK for 20 UEs in the same CDM ACKCH.
2.2.2
Impact on Scheduling Grants
For simplicity, it is preferable to keep the absolute and relative grant channel timing aligned to CDM ACKCH.
2.3
DL Timing – 10 ms TTI
Consider the 10ms TTI timing diagram in Figures 2 and 3 with 3 and 4 HARQ processes respectively.

The UL E-DCH timing with 10ms TTI is assumed to be aligned with DCH.
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Figure 2
EUL Timing – 3 HARQ Processes – 10 ms TTI
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Figure 3
EUL Timing – 4 HARQ Processes – 10 ms TTI

2.3.1
Impact on ACKCH

Assuming that the encoding time is much smaller, each UE is allocated at least 2 slots to encode a new set of blocks for a new transmission or a retransmission.

2.3.1.1
TDM ACKCH

With a TDM ACKCH punctured into the DL DPCH for each UE, the Node-B always has 12.5 or 27.5 slots to decode E-DPDCH and send ACK/NAK with 3 or 4 HARQ processes.
From the argument in section 2.1, with 3 HARQ processes, the turnaround time fits well within the Node-B timing budget.
2.3.1.2
CDM ACKCH
With a CDM ACKCH sent on a common DL channel, the number of slots available at Node-B to decode E-DPDCH and send ACK/NAK varies from UE to UE.

· Best DL case = 12.5 or 27.5 slots for 3 or 4 HARQ processes
· UE has 2 slots to encode a new set of code blocks

· Nominal DL case = 10.5 or 25.5 slots for 3 or 4 HARQ processes
· UE has 3.5 slots to encode a new set of code blocks

Based on the nominal DL scenario, the Node-B can send the ACK/NAK for those UEs whose DL DPCH frame offsets are within 5120 chips of each other. This translates to a maximum of 20 UEs.

As mentioned in [2], using SF256, QPSK and a length 20 Hadamard sequence, the Node-B can send the ACK/NAK for 20 UEs in the same CDM ACKCH.
2.3.2
Impact on Scheduling Grants
For simplicity, it is preferable to keep the absolute and relative grant channel timing aligned to CDM ACKCH. As mentioned in [3], using SF256, QPSK and a length 20 Hadamard sequence, the Node-B can send the relative grants for 20 UEs in the same CDM RGCH.
4
Conclusions and Proposal
Based on the simulation results, we recommend the following TP for DL Timing be adopted and captured as text in TR 25.808.
------------------------------------------------------------- Begin Text Proposal ---------------------------------------------------------

8
Physical Channel Structure

8.2
Physical Channel Structure for Control Signalling

8.2.2.2
ACKCH Timing
The ACKCH sub-frame and frame timing is offset from the P-CCPCH frame timing by a multiple of 256 chips, i.e. ACKCH,n = Tn ( 256 chip, Tn ( {0, 1, …, 149}. The ACKCH timing may be different for different ACKCHs.
------------------------------------------------ End of First Text Proposal ------------------------------------------------------------
8.2.3.2
AGCH Timing

The AGCH sub-frame and frame timing is offset from the P-CCPCH frame timing by a multiple of 256 chips, i.e. AGCH,n = Tn ( 256 chip, Tn ( {0, 1, …, 149}. The AGCH timing may be different for different AGCHs.
------------------------------------------------ End of Second Text Proposal ------------------------------------------------------------

8.2.4.2
RGCH Timing

The RGCH sub-frame and frame timing is offset from the P-CCPCH frame timing by a multiple of 256 chips, i.e. RGCH,n = Tn ( 256 chip, Tn ( {0, 1, …, 149}. The RGCH timing may be different for different RGCHs.
------------------------------------------------ End of Third Text Proposal ------------------------------------------------------------
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