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1 Introduction

Link level HARQ has been suggested as a mechanism to improve the coverage and throughput for E-DPDCH. However, HARQ introduces the need for support channels in the downlink. These support channels could occupy additional OVSF code resources, and consume Tx power, leading to downlink throughput degradation.

In this document, we consider a reference design for HARQ downlink support channels, and evaluate the average Tx power consumed.
2 TDM ACKCH Design and Procedure
One can consider at least two distinct ACKCH physical structures.

1. Explicit TDM

a. ACK bits for different UE are transmitted in a TDM manner on the same OVSF code.

2. TDM with DPDCH

a. ACK bit for each UE is punctured into the corresponding DPDCH at a fixed or time-varying location.
Table 1 summarizes the numerology for both modes. Note that when ACKCH is punctured into the DPDCH, the number of possible ACKCH is determined by the SF of DPCH.
	TTI
	Payload
	SF
	Modulation
	Number of bits per slot
	Repetition
	Number of ACKCH supported in explicit TDM mode

	2 ms
	1
	128
	QPSK
	2
	6
	20

	10 ms
	1
	128
	QPSK
	2
	30
	20


Table 1

ACKCH Parameters
It is seen that the ACKCH is repeated every slot within a TTI. 

The ACKCH procedure is shown below.
1. Serving cell

a. Defined as any cell that is allowed to change the UE allowed [E]-TFCS.

b. Tri-state ACKCH from serving cell

· Sends an ACK if E-DPDCH is decoded successfully.

· Doesn’t transmit (DTX) if E-DPDCH is decoded un-successfully.

· Sends an ACKC bit if the E-DPDCH is decoded successfully, and the UE allowed [E]-TFCS is unchanged. 

· The ACK and ACKC bits are mapped as +1 ( ACK and -1 ( ACKC, with 0 ( DTX.

2. Non Serving cell

a. Defined as any cell that is not allowed to change the UE allowed [E]-TFCS.

b. Dual-state ACKCH from non-serving cell

a. Sends an ACK if the E-DPDCH is decoded successfully.

b. Doesn’t transmit (DTX) if E-DPDCH is decoded un-successfully.

c. The ACK bit is sent with ON/OFF keying with +1 ( ACK and 0 ( DTX.
3 Simulations

As mentioned earlier, the ACKCH design calls for a tri-state receiver for the serving cell, and a dual-state receiver for the non-serving cells. The ACK bit is mapped to +1, ACKC bit is mapped to -1 and DTX is mapped to 0. 

We will consider the following constraints.
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The non-zero thresholds are identical to what were shown in [2]. We observe that the Eb/Nt needed for a tri-state receiver is only 0.3 dB more than that needed for a dual-state receiver. Therefore, we will only show the tri-state receiver results, treating them as an upper bound.

While the detailed simulation assumptions are shown in the Appendix, we will outline a few.
1. The AGC is turned on.

2. Either an ACK or ACKC is sent to each UE.
3. The following test cases are evaluated.

a. Serving cell

b. 2 ms TTI vs. 10 ms TTI

c. Target 1% BER
d. No transmit diversity vs. STTD
Figures 1-8 show the average Tx Ec/Ior required for ACKCH in different scenarios.
From a theoretical point of view, the required Tx Ec/Ior from the non-serving cell is 0.3 dB smaller. Therefore, instead of showing all the non-serving cell results, we will assume the same results for both. However, as shown in [3], the non-serving cell geometry is typically smaller.
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Figure 1

Serving Cell – 2 ms TTI – No STTD
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Figure 2

Serving Cell – 2ms TTI – STTD enabled
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Figure 3

Serving Cell – 10 ms TTI – No STTD
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Figure 4

Serving Cell – 10ms TTI – STTD enabled
4 Analysis

We observe the following. 
· 2ms TTI

· Without STTD, the link cannot be closed for PA3 at most geometries

· With STTD enabled, the link cannot be closed at low geometries
· 10ms TTI
· The average Tx Ec/Ior reduces by at least 7 dB in all scenarios

These results show the average Tx Ec/Ior. The peak Tx Ec/Ior is 13 dB greater, since only 1 QPSK symbol out of 20 possible QPSK symbols (SF=128) is used for the ACKCH.

5 Conclusions
The benefits and drawbacks of using a TDM ACKCH in DL for E-DCH are summarized below.

1. Benefits

a. No new OVSF code dedicated to UE

2. Drawbacks

a. Very high peak Tx power requirement
b. Impact on Rel-99 Tx and Rx chain
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Appendix

	Parameter
	Value

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	DPCH Slot Format
	11

	DPDCH
	12.2 kbps

	Channel Estimation
	Realistic

	Inner Loop PC
	Enabled

	ILPC Step Size
	+/- 1 dB

	Outer Loop PC
	Enabled

	OLPC Up Step
	+0.5 dB

	PC Rate
	1500 Hz

	PC BER
	4%

	PC Delay
	1 slot

	Max ACKCH Ec/Ior
	-3 dB

	Channels
	AWGN, PA3, PB3, VA30, VA120
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