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1 Introduction

In [1], different design options for E-TFCS signaling in the DL were outlined. In [2], the DL overhead associated with tri-state signaling for rate scheduling was shown. In [3], the overhead with dual-state signaling was shown.
In this document, we discuss what we believe are the relevant issues when considering signaling overhead. We further evaluate the transmit power requirement with dual-state signaling in different channel conditions, and propose to consider these results for the text proposal on DL signaling overhead.
2  Relevant Issues for Signaling Overhead
2.1  Associated DPCH in DL
It has been assumed in most contributions presented in RAN1, including [2] and [3], that the associated DPCH in DL transports 12.2 kbps. While this is true for a UE with voice traffic, this is could be an optimistic scenario and not a complete representation of the system.

Any UE that is idle in the DL could be assigned a stand-alone 3.4 kbps DCCH on a SF=256 code. RRC signaling is sent rather infrequently on DCCH, with a duty cycle of 20% or so. Therefore, an idle DL UE occupies an OVSF code, but does not continuously consume Node-B Tx power.

The choice of associated DPCH and PO3 offset (typically set to 0 dB for 12.2 kbps DTCH and 3.4 kbps DCCH) affects power control performance of DL signaling as well. This artifact, while minor, needs to be kept in mind when evaluating DL signaling performance.
2.2  Target Error Requirements
The target error requirements for signaling required for rate scheduling (UP/DOWN) or HARQ (ACK/NAK) are for FFS. 
Both kinds of signaling have different impacts on E-DCH system performance. While errors in rate-scheduling lead to uplink RoT variation, HARQ errors could trigger higher layer re-transmissions.

One could argue that the effect of ACK(NAK and UP(DOWN errors is less critical, and conceive of requirements such as:
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In section 3, we will evaluate the performance with error requirements of 0.1, 0.01 and 0.001.
2.3  Dual-state vs. Tri-state signaling
Dual-state signaling allows for a simpler receiver since the decision threshold is set to 0. However, two issues crop up.
For rate-scheduling, if the Node-B does not intend to change the TFCS allowed for E-DCH for a UE, it has two options.

1. Transmit UP/DOWN alternately ( on average, the TFCS is un-changed
a. Continuous usage of Node-B Tx power

2. DTX ( the UE could expand it’s TFCS due to a “random-walk” effect

For ACK/NAK signaling:

1. Transmit ACK/NAK explicitly
a. Tx power consumption across all cells in active set of a UE in SHO

b. Effect on HARQ operation in SHO

2. If Node-B chooses not to transmit anything (DTX)

a. NAK(ACK error rate is equal to 50% of E-DPCCH error rate in uplink
3. With rate-scheduling, this additional Tx power adds up across all UE with a non-zero size of allowed TFCS for E-DCH
Tri-state signaling allows for more options for network configuration. The Node-B transmits E-DCH signaling only when necessary (ACK or TFCS change).
It is clear that the choice of signaling (dual-state vs. tri-state) needs to take both network flexibility and receiver simplicity into account.
3  Simulations
In this section, we will compare the Tx power usage of 3.4 kbps DCCH (when present) and EU signaling with a dual-state receiver.
The slot format is a modified version of slot format 4, with an associated SF of 256.

1. Ndata2 = 12

2. Neu = 2

3. Ntpc = 2

4. Ntfci = 0

5. Npilot = 4
The target BER for EU signaling is varied to span ACK/NAK and rate-scheduling requirements.
	Parameter
	DCCH
	TDM EU Signaling

	Code
	Convolutional
	Repetition

	Information Bits
	148
	1

	CRC bits
	16
	-

	TTI 
	40 ms
	{2, 10} ms

	Modulation
	QPSK

	DPCH Slot Format
	4* (new)

	SF
	256

	PO3
	0 dB

	EU Power Offset
	Dictated by error requirements

	Target BLER
	0.01
	{0.1, 0.01, 0.001}


Table 1
Code Parameters
The remaining simulation assumptions are shown in Table 2.
	Parameter
	Value

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	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
	PA3, PB3, VA30, VA120


Table 2
Simulation Assumptions
Figures 1 to 8 compare the performance of all scenarios. The legend needs to be interpreted in the following manner.

1. Case 1 ( Target EU BER = 0.1

2. Case 2 ( Target EU BER = 0.01

3. Case 3 ( Target EU BER = 0.001

The geometry is varied from -3 dB to 9 dB.
The results show the instantaneous Tx Ec/Ior per controlled user. Note that in these simulations, the DCCH is always assumed to be present.

The TDM approach of EU signaling needs 10 dB more instantaneous Tx Ec/Ior than a CDM approach, since only 1 QPSK symbol out of 10 possible QPSK symbols (SF=256) is used for the EUL field.  For the sake of brevity, the performance with a CDM approach is not shown here.
The CDF of Tx Ec/Ior reveals the following.

· 2ms TTI
· The instantaneous Tx Ec/Ior for TDM EU field is greater than that for 3.4 kbps always-on DCCH if the error requirements are 0.01 or lower.
· This implies that the EUL field needs to be transmitted at a different power offset from DPDCH or more symbols need to be allocated to EUL field.

· This also implies that if DCCH is not present, the instantaneous Tx Ec/Ior overhead for TDM approach can be significant.

· At G=0 dB and target BER of 1%, the average Tx Ec/Ior varies from -15 dB to -19 dB.
· 10ms TTI

· The instantaneous Tx Ec/Ior for TDM EU field is smaller than that for 3.4 kbps always-on DCCH

· The Tx power requirements need to be compared with zero payload DCCH as well

· At G=0 dB and target BER of 1%, the average Tx Ec/Ior varies from -22 dB to -27 dB.
Considering the fact that DCCH might be present infrequently, the instantaneous EU signaling overhead can be significant in a TDM scenario for 2ms TTI. The approach might have benefits with 10ms TTI. These benefits need to be considered when a zero payload DCCH is present.
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Figure 1

CDF of Tx Ec/Ior – 2ms TTI – PA3
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Figure 2

CDF of Tx Ec/Ior – 10ms TTI – PA3
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Figure 3

CDF of Tx Ec/Ior – 2ms TTI – PB3 
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Figure 4

CDF of Tx Ec/Ior – 10ms TTI – PB3
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Figure 5

CDF of Tx Ec/Ior – 2ms TTI – VA30
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Figure 6

CDF of Tx Ec/Ior – 10ms TTI – VA30
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Figure 7

CDF of Tx Ec/Ior – 2ms TTI – VA120
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Figure 8

CDF of Tx Ec/Ior – 10ms TTI – VA120
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