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1 Introduction
Retransmissions occur in E-DCH at two levels:

· HARQ retransmissions

· RLC retransmissions

In the context of downlink signalling errors on E-HICH, detection of a false NACK causes an unnecessary HARQ retransmission whereas detection of a false ACK causes an RLC retransmission.  The requirements for signalling errors leading to a HARQ retransmission and to an RLC retransmission were set to 2% and 0.2% respectively for FDD E-DCH [1].
In 25.101, E-HICH performance is specified for FDD in terms of missed ACK and false ACK error probabilities.  “Missed ACK” refers to P(NACK|ACK) or P(DTX|ACK).  “False ACK” is understood to mean P(ACK|DTX) or P(ACK|NACK).  Only performance for the former is specified in 25.101 since the requirement for P(ACK|DTX) is the limiting factor.
Generally, for FDD E-DCH, RLC retransmissions can be caused by several different erroneous detections, 

1 The serving cell transmits a NACK which is misdetected as an ACK

2 The serving cell does not detect the uplink transmission and therefore does not transmit any HICH to the UE (DTX).  The UE erroneously detects the DTX’d signal as an ACK.

3 The nonserving cells transmit nothing (NACK or DTX) but the UE falsely detects an ACK from at least one of the nonserving cells.
For TDD only item (1) above is relevant.

(2) is not relevant because the serving TDD E-DCH cell makes explicit physical resource grants to the UE.  Thus, if the corresponding uplink E-DCH transmission is lost or is undetectable at the serving Node-B, NACK is still sent on E-HICH since the scheduler is aware that an allocation was made but not received.
(3) is not relevant because uplink macro diversity is not supported in TDD E-DCH.

The above has implications on the testing of E-HICH for 3.84Mcps TDD E-DCH and necessitates that it is different to that for FDD.  This situation arises because DTX is not a valid transmission state for the user’s E-HICH sequence and so detection of DTX is not a requirement (nor a limiting factor) of the UE receiver.

The following probabilities are therefore of relevance to E-HICH performance:
· False NACK {arising due to P(NACK|ACK) or P(Missed Detection|ACK)}.  A missed detection at the receiver can occur if a valid midamble sequence is not correctly detected.  In this event, a NACK is assumed.

· Leading to HARQ retransmission

· False ACK {arising due to P(ACK|NACK)}

· Leading to RLC retransmission

It is proposed to set UE receiver performance for E-HICH based on a probability of 2e-2 for false NACK and of 2e-4 for false ACK.
With symmetric binary signalling of ACK/NACK, the false ACK requirement is clearly more stringent than the false NACK.  Asymmetric decision thresholding may be applied in the receiver in order to try to balance the differing false ACK and false NACK reliabilities.  The gains provided by asymmetric thresholding compared to a receiver with zero threshold vary as a function of the channel type and fading characteristics.  To illustrate this, the gains of a receiver employing a perfect asymmetric threshold compared to the zero threshold receiver are shown in Table 1 for a variety of channel profiles (see also supporting figures A1…A4 of Annex A).  The performance points at which the receivers are compared are those for which P(NACK|ACK) = 2e-2 at a constant P(ACK|NACK) of 2e-4.

	Channel Type
	Gain from ideal asymmetric thresholding

	AWGN
	2.1dB

	Pedestrian B
	2.95dB

	Pedestrian A
	4.2dB

	Vehicular A
	3.1dB


Table 1
However, the gains of Table 1 are reliant on accurate SNR estimation in the receiver; something that may be hard to achieve under some circumstances.  It is expected therefore that in the presence of SNR estimation error, much of the expected performance gain may not be achievable.  Furthermore, similar gains are possible for E-HICH by employing an ACK/NACK power offset at the Node-B and by using a zero-threshold receiver at the UE.  This of course is dependent upon on the HARQ operating set-point but does bring the advantage that prime responsibility for E-HICH ACK/NACK reliability is confined within the UTRAN implementation.

We therefore focus on testing the worst case receiver (with a symmetric (i.e. zero) decision threshold for ACK/NACK).

2 Simulation
A UE receiver with a decision threshold of zero was simulated in a vehicular-A channel at 30kmph.  As for the FDD case, a single E-HICH user sequence was simulated.  Intra-cell interference consists of seven other SF16 codes (see Figure 1).  Each of these 7 other codes have equal power.  The power of the E-HICH code is varied from -24dB to -9dB relative to the power of each of the other codes, giving an equivalent Ec/Ior for the E-HICH of approximately -32.45dB to -17.52dB.  As for the FDD test case, 
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Figure 1
Each E-HICH carries a single ACK/NACK indicator in one timeslot.  The E-HICH sequence was selected at random each time from the set of 240 E-HICH codes available.

Simulation parameters are listed in Table 2.

Table 2
	Parameter
	Value
	Comments

	Codes per timeslot
	8
	1 E-HICH + 7 others

	Ec/Ioc (per non-E-HICH code)
	Variable (-8.453 to -8.528)
	

	Ec/Ioc (E-HICH)
	Variable (-32.45 to -17.52dB)
	-24 to -9dB relative to non E-HICH codes

	ACK/NACK indicators per E-HICH
	1
	

	Carrier frequency
	2GHz
	

	Channel type
	Vehicular B, 30kmph
	

	Channel oversampling
	4x
	

	Receiver
	MMSE
	

	Channel estimation
	Realistic
	

	Midamble scheme
	Common midamble
	

	Burst type
	1
	

	Power control
	None
	


The results are given in Figure 2.
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Figure 2
As can be seen, the required ACK/NACK error performance of 2e-4 is met at an E-HICH Ec/Ioc of -16dB.  Allowing for 2.5dB implementation margin we propose to set the performance target for the above-described test to -13.5dB E-HICH Ec/Ioc.
3 Conclusion

E-HICH simulations have been presented and performance metrics derived for the 3.84Mcps TDD E-HICH channel.  RAN WG4 is requested to technically endorse the proposed test and performance requirement.  This will be merged with other tests and performance requirements as the work item progresses in order to create the final CRs.
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Annex A
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Figure A1 – Idealised receiver performance - AWGN
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Figure A2 - Idealised receiver performance – Pedestrian-B
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Figure A3 - Idealised receiver performance – Pedestrian A
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Figure A4 - Idealised receiver performance – Vehicular A
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