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1 Introduction

Link level re-transmissions have been suggested as a mechanism to improve E-DCH coverage and efficiency. In this document, we summarize different options for signalling the control information necessary for receiving and decoding the E-DCH. We use the notation E-TFI to represent this control information. We also assume that the E-DCH bits are mapped onto a generic physical channel called E-DPDCH (with the understanding that the E‑DPDCH could be the existing DPCH)
2 E-TFI Overview
With link level re-transmissions, the receiver needs to know the following information to correctly receive and decode the E-DCH bits. 

· Transport Block Size

· Number of OVSF codes

· Modulation

· HARQ process ID

· Redundancy version

· New data indicator
Note that all the parameters listed above are transmitted on the HS-SCCH and used for HS-DSCH reception and decoding.
Other possible information could include:

· QoS criterion for delay sensitive data

Since we are interested in minimizing the overhead, we would like to consider the operation with and without a CRC.

Assuming the E-DPCH modulation is fixed to QPSK and BPSK, and assuming synchronous HARQ operation, we will consider the following parameters for candidate E-TFI structure:
· Transport Block Size + Number of codes + Modulation

· 5-bits, allowing for 32 possibilities

· Redundancy version

· 2-bits, allowing for 4 rv values

· New data indicator

· 1-bit, allowing a Node-B buffer flushing mechanism
· QoS 
· 1-bit to indicate whether the E-DPDCH/DPCCH is increased

· This allows for earlier decoding (i.e. after fewer average number of transmissions)  of  delay sensitive traffic.
It is seen that about 10 information bits are needed, not accounting for possible CRC (depending on the coding and multiplexing of E-TFI). We will use 10-bits as a baseline design parameter, though the design options outlined in sections 3 and 4 are more general.
3 Options for 2ms TTI
An example of timing for 2ms TTI based structure is shown for illustrative purposes in Figure 1.
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Figure 1

Illustrative Timing - 2ms TTI
3.1 Option 1 – Explicit Mode – Time aligned with E-DPDCH

In this scenario, the E-TFI is mapped on a new E-DPCCH channel which is sent time-aligned with the E‑DPDCH using SF=256 channelization code.
1. Option 1a

a. BPSK modulation + [30, 10] code

b. Node-B needs to buffer E-DPDCH soft symbols for entire TTI

2. Option 1b

a. QPSK modulation + [30, 10] code + repeated twice

b. Allows for decoding after 1.5 slots and smaller Node-B buffer

3. Option 1c

a. QPSK modulation + [20, 10] code + repeated thrice

b. Allows for decoding after 1-slot and further smaller Node-B buffer

3.2 Option 2 – Explicit Mode – Not Time aligned with E-DPDCH

In this scenario, the E-TFI is mapped on a new E-DPCCH channel which is sent one slot ahead of the E‑DPDCH using SF=256 channelization code.

1. Option 2a

a. BPSK modulation + [30, 10] code

b. Node-B needs to buffer E-DPDCH soft symbols for 2-slots

2. Option 2b

a. QPSK modulation + [30, 10] code + repeated twice

b. Allows for decoding after 0.5 slots and smaller Node-B buffer

3. Option 2c

a. QPSK modulation + [20, 10] code + repeated thrice

b. Allows for immediate decoding and negligible Node-B buffer

However, in all instances, the turn-around time decreases by 1-slot. Therefore:

· ACKCH needs to be sent 1-slot ahead ( Node-B decoding time reduced

· Only ½ slot available at UE to 
a. Decode ACKCH and send a re-transmission, or

b. Decode GCH and send a new transmission

4 Options for 10ms TTI

4.1 Option 1 – Split Mode with TFCI

In this scenario, the E-TFI is multiplexed with TFCI bits embedded in the DPCCH using the split mode.
Currently, 10-information bits are allocated for TFCI ( the size of TFCS can be as large as 1024. Such a large set, while possible, might not always be used. 
A split-mode solution can be written as:
a. Use only M-bits out of 10 (M ≤ 10) for R99 TFCI

b. Use the remaining (10-M)-bits for E-TFI
· Let N-bits be used for E-TFI
· [30, M+N] code to be used for joint encoding of TFCI + E-TFI
Note that N could be larger than (10-M) ( R99 structure could be altered depending upon the final design choice.

1. Option 1a

a. N = 10 ( [30, M+10] convolutional code (CC)
b. High code rate on [30, M+10]

c. Rel-99 architecture is affected since currently CC is not used for TFCI
2. Option 1b

a. New DPCCH slot structure allowing for more TFCI bits

b. Ntfci = 3 and Npilot + Ntpc = 7

c. Rel-99 performance is affected

i. Reduced Npilot ( Rel-99 uplink performance is affected

ii. Reduced Ntpc ( Rel-99 downlink performance is affected

d. [45, M+10] convolutional code (CC)
e. Rel-99 architecture is affected since currently CC is not used for TFCI
3. Option 1c

a. New DPCCH slot structure allowing for more TFCI bits

b. Ntpc = 2 and Npilot + Ntfci = 7

c. (Npilot, Ntfci) = (5,3) for odd slots and (6,2) for even slots

i. Total TFCI bits = 38

ii. [38, M+N] convolutional code (CC)

d. Rel-99 uplink performance affected

i. Total pilot bits = 82 instead of 90 in 15-slots

e. Rel-99 architecture affected since currently CC is not used for TFCI
4. Option 1d

a. E-DPDCH operated in a different manner

i. No IR ( Only chase combing with 10ms TTI

ii. No QoS bit and no reserved bit

iii. 6-information bits

b. M+N = 10 ( M = 4

c. [30, 10] 2nd order RM code as in Rel-99

d. Soft-split mode

i. M and N is configurable by the network such that M+N = 10

e. No change to Rel-99 architecture or performance

f. Rel-99 TFCS is restricted

4.2 Option 2 – In-band Mode

In this scenario, the E-TFI is considered as a transport channel and is multiplexed with the Rel-99 DPDCH.
1. E-TFI is interpreted as a new transport channel
a. E-TFI is terminated at Node-B instead of RNC

2. Rate matching allows for QoS control of E-TFI transmission
a. Provides flexibility to add CRC on E-TFI
3. Impact on DPDCH performance

a. SF = 128 ( 10% additional puncturing of DPDCH

b. SF = 32 ( 2.5% additional puncturing of DPDCH

4. Hierarchical decoding at Node-B

a. Decode DPCCH first

i. Presence or absence of E-TFI indicated through TFCI bits or BTFD
b. Then decode DPDCH and re-cover E-TFI bits
c. Then decode E-DPDCH using the E-TFI information
5. No impact on Rel-99 architecture

4.3 Option 3 – Explicit Mode

In this scenario, the E-TFI is mapped on a new E-DPCCH channel which is sent time-aligned with the E‑DPDCH using SF=256 channelization code.

1. Option 3a

a. BPSK modulation + [30, 10] code + repeated 5 times

b. Can decode E-DPCCH after 3-slots

c. Node-B needs to buffer soft symbols for 3-slots

2. Option 3b

a. QPSK modulation + [30, 10] code + repeated 10 times

b. Can decode E-DPCCH after 1.5 slots

5 Conclusions

In this document, we have captured different design options for the transmission of E-TFI bits. We propose that a part of this contribution be captured in a text proposal.









