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1 Introduction

Link level HARQ has been suggested as a mechanism to improve the coverage and throughput for EUDCH. 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, and evaluate the average Tx power consumed by the support channels.

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 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 Request Channel [REQCH] sent by the UE to the serving cell

a) Indicates a combination of the maximum supportable data rate and buffer content

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

a) Indicates the maximum rate the UE is allowed to transmit on E-DPDCH

4. The E-DPDCH is sent along with the [RICH] and is intended for all cells in the UE’s active set

5. The Rate Indicator Channel [RICH] contains the following information

a) Transport block size and modulation – aids decoding process

b) Redundancy version and a new data indication - aids in HARQ combining

c) Has been lumped along with [E]-DPCCH

6. The ACK channel [ACKCH] is sent from all cells in UE’s active set.

7. In the event that a UE sends the E-DPDCH and a new request on [REQCH], and the serving cell can send the ACK-Continue bit on [ACKC-CH].

a) This is interpreted by the UE as an acknowledgment of the E-DPDCH, along with a new grant with the same maximum allowed rate as the previous grant.

b) This minimizes the DL overhead in such instances.

8. The ACKCH is sent in softer HO mode

a) UE combines across ACKCH from all cells in same Node-B

3 HARQ Operation

We define the following HARQ operation as a reference for EUDCH.

1. Serving cell

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

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

c. Sends an ACKC bit if the E-DPDCH is decoded successfully and the UE is granted again at the same maximum allowed rate as the previous grant.

d. The ACK and ACKC bits are mapped as +1 ( ACK and -1 ( ACKC

2. 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

The ACKCH parameters are shown in Table 1. Note that the use of SF 512 allows for the use of upto 4 simultaneous ACK channels for one SF 128 voice user.
	TTI
	Payload
	SF
	Modulation
	Repetition

	2 ms
	1
	512
	QPSK
	30


Table 1

ACKCH Parameters

The ACKCH is decoded with non-zero thresholds.

1. Serving cell ( Tri-state receiver for ACK-C / DTX / ACK

2. Non-serving cell ( Dual-state receiver for DTX / ACK

The following reference target error probabilities considered:
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These are consistent with the error probabilities considered for HSDPA, but maybe changed later.

4 Simulations

Simulations were conducted on the ACKCH in different channel conditions and geometries. The assumptions are shown in the Appendix.

Table 2 summarizes the results for the serving cell, while Figure 2 plots the results.

In [3], 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

a. The grey portion of Table 2 need not be considered

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

a. The yellow and grey portion of Table 2 need not be considered, taking the combining gain (across all cells from same serving Node-B) into account

3. For a UE in non-SHO, the geometry of serving (and only) cell is above 3 dB

a. The green, yellow and grey portions of Table 2 need not be considered
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Figure 2

ACKCH Loading – Serving Cell

	Geometry (dB)
	Tx Ec/Ior (dB)

	
	PA3
	PB3
	VA30
	VA120

	-6
	-12.9
	-16.2
	-14.4
	-15.0

	-3
	-17.0
	-19.6
	-17.9
	-18.3

	0
	-20.2
	-21.6
	-20.9
	-21.0

	3
	-23.3
	-24.0
	-23.2
	-23.5

	6
	-26.1
	-25.4
	-25.0
	-25.0

	9
	-28.3
	-26.1
	-25.9
	-26.2


Table 2

ACKCH Loading – Serving Cell
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Figure 3

ACKCH Loading – Non-Serving Cell

	Geometry (dB)
	Tx Ec/Ior (dB)

	
	PA3
	PB3
	VA30
	VA120

	-12
	-
	-9.0
	-5.2
	-6.5

	-9
	-5.8
	-13.4
	-10.5
	-11.2

	-6
	-12.7
	-17.0
	-14.6
	-15.3

	-3
	-16.9
	-20.3
	-18.5
	-18.6

	0
	-20.4
	-22.5
	-21.4
	-21.3

	3
	-23.8
	-24.5
	-23.8
	-23.8


Table 3

ACKCH Loading – Non-Serving Cell

For the non-serving cell, we will consider the 50th percentile:

1. At -12 dB, the error target cannot be met in PA3 channel

2. The geometry of non-serving cell is above -6 dB for UE in SHO

a. The grey portion of Table 2 need not be considered

b. The required transmit power can be significant (5%)

5  Conclusions

In this document, we presented a reference HARQ design, and evaluated the impact of EUDCH support channels on the downlink. We observe that for the [ACKCH]:

1. For all UE’s, the required Tx power from serving cell is less than 2%
2. For a UE in non-SHO or softer HO, the required Tx power from serving cell is less than 0.5%

3. Smarter scheduling strategies can mitigate the power requirement
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Simulation Parameters

	Parameter
	Value

	TTI
	2 ms

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	Channel Estimation
	On

	Inner Loop Power Control
	On

	ILPC Step Size
	+/- 1 dB

	PC  feedback delay
	1-slot

	PC command BER
	4%

	Channel
	PA3, PB3, VA30, VA120

	Number of Rx antennas
	1
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