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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 occupy 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 Reference Design
In [1], a reference design was introduced and can be summarized in Figure 1.
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Figure 1

Reference Design

The highlights of the design from a scheduling and HARQ perspective are the following.

1. There is only one serving cell per UE.

a) The serving cell is defined as the cell with the best downlink.

2. The Grant Channel [GCH] is sent only from the serving cell

a) Indicates the [E]-TFCS the UE is allowed to transmit from on E-DPDCH
3. The ACK channel [ACKCH] is sent from all cells in UE’s active set.

a) The structure could be different between serving and non-serving cells.

b) In softer HO mode, the ACKCH could be combined across cells from same Node-B.
3 ACKCH Design and Procedure
One can consider at least three different ACKCH physical structures.

1. Explicit TDM

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

2. Explicit CDM

a. ACK bits for different UE are transmitted in a CDM manner using orthogonal sequences on the same OVSF code.

3. TDM with DPDCH

a. ACK bit for each UE is punctured into the corresponding DPDCH at a fixed location.
We will consider option 2, with Hadamard basis sequences. The structure is shown in Table 1.
	TTI
	Payload
	SF
	Modulation
	Hadamard Sequence Length
	Repetition
	Number of ACKCH supported

	2 ms
	1
	128
	BPSK
	20
	3
	40

	10 ms
	1
	128
	BPSK
	20
	15
	40


Table 1

ACKCH Parameters
It is seen that the ACKCH is repeated every slot within a TTI. Up to 40 terminals can be supported using a single SF 128 code. 

The use of Hadamard sequences to spread the ACK bit causes non-orthogonality due to power control and fading. However, we note the following.

1. The ACKCH is repeated every slot and the ACK gain remains a constant for every UE during a slot ( power control does not contribute to non-orthogonality.

2. The non-orthogonality due to fading increases with doppler.

3. The impact of non-orthogonality increases with geometry.
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.
4 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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Assuming t to be the actual threshold and σ to be noise standard deviation, the normalized thresholds for the serving cell can be written as:
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The theoretical required ACK or ACKC Eb/Nt for the serving cell can be shown to be:
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For the non-serving cell, the ACKC bit doesn’t exist. Therefore, the thresholds become:
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The required ACK Eb/Nt for the non-serving cell can be shown to be:
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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. On an average this is rather pessimistic, since the probability of sending DTX is discounted here.

3. The following test cases are evaluated.

a. Serving cell

b. 2 ms TTI vs. 10 ms TTI

c. Target 1% BER vs. 10% BER

d. No transmit diversity vs. STTD

Figures 2-9 show the ACKCH performance 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 [2], the non-serving cell geometry is typically smaller.
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Figure 2

Serving Cell – 2 ms TTI – 1% BER – No STTD
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Figure 3

Serving Cell – 2 ms TTI – BER = 1% - STTD
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Figure 4

Serving Cell – 2 ms TTI – 10% BER – No STTD
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Figure 5

Serving Cell – 2 ms TTI – 10% BER – STTD enabled
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Figure 6

Serving Cell – 10 ms TTI – 1% BER – STTD disabled
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Figure 7

Serving Cell – 10 ms TTI – 1% BER – STTD enabled
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Figure 8

Serving Cell – 10 ms TTI – 10% BER – STTD disabled
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Figure 9

Serving Cell – 10 ms TTI – 10% BER – STTD enabled
5 Analysis

We observe the following. 
· For 2 ms TTI, the ACKCH link cannot be closed for PA3 channel at low geometries, if STTD is not enabled.

· For a given geometry, these results form an upper bound on the non-serving cell loading. 

· The benefits of using 10 ms TTI at lower geometry is clearly evident.

· If there is no degradation in system throughput, one could operate the ACKCH at 10% BER.

· The average Tx Ec/Ior is reduced by 2 dB.

In [2], we showed the histogram of geometry in different scenarios. We note that at the 95th percentile:

1. The geometry of serving cell is above -3 dB for all users

2. For a UE in softer HO, the geometry of serving cell is above -1 dB

a. For PA3 channel, the average transmit power is 5% (2 ms TTI, 1% BER, No STTD).
· However, the results shown do not show the diversity gain with ACKCH soft combining across multiple cells of same Node-B.

b. For other channels, the average transmit power is 1% (2 ms TTI, 1% BER, No STTD).
3. For a UE in non-SHO, the geometry of serving (and only) cell is above 3 dB

a. The worst case average transmit power is 2% (2 ms TTI, 1% BER, No STTD).
4. The geometry of non-serving cell is above -6 dB for a UE in SHO.

a. The worst case average transmit power is 2.5% (10 ms TTI, 1% BER, No STTD).
· Non-serving cell could have a higher BER.
· The loading reduces to less than 1%.

We see that on an average, the required transmit power is 1% to 2% per ACKCH. Note that with a strict TDM approach, wherein the ACK bits for different UE are TDM on the same OVSF code, the required transmit power is higher by 13 dB ( 20% of cell power is used on the ACKCH.
6 Conclusions
The Tx power requirement for the EUL DL support channels could be significant. For the ACKCH, the loading could range from 1% to 5% of the total cell Tx power. By suitable design choices (TTI, Knowledge of UE SHO status, Target BER), the impact can be reduced significantly.
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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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