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1
Introduction

In this contribution we discuss design options for Ack channels for UL and DL FET, and their evaluation methodology.
2
Signalling ACK on DL for UL FET 
2.1 E-HICH like ACK Channel
In the E-HICH-like design, a new code channel carries ACKs for multiple users, distinguished by orthogonal signature sequences. This avoids impact to DL DTCH code rate, at the cost of an extra OVSF code to be shared among multiple users. The current E-HICH spans 2ms or 8ms duration depending on the E-DPDCH TTI. However, the E-DPDCH HARQ structure allows the E-HICH to be transmitted in the intervals between successive HARQ transmissions, whereas there are no such intervals on the UL DPDCH. Hence, a longer duration Ack increases the ACK delay and lowers the link gains from UL FET, thus even 2ms Ack duration may be unacceptably long. Thus, alternatives such as a 1-slot or 2-slot Ack could be considered. It is also possible to consider shorter Acks, for example, a half-slot Ack, that would use a new set of 20 orthogonal signature sequences instead of the current 40 sequences used by E-HICH and E-RGCH. This channel could still support 40 users, TDM-ed across the first and second half of each slot.

2.2 Ack as part of DL DPCCH using TPC fields
Several options to transmit ACK signal in DL as part of DPCCH channel has been previously discussed earlier; see [5,7,8]. In these schemes, a new field could be introduced in the DL slot-format to carry the Ack, or the ACK could be I-Q multiplexed with the TPC symbols, or TPC rate can be reduced to use alternate spare TPC fields to send ACK messages. However, analysis of such schemes show that in order to communicate the ACK signal with reasonably small delay to allow for maximum gating of transceivers at transmitter and receiver, the required power offsets on TPC fields will be general too large; see [4] and [5, Section 3]. Such high offsets are generally problematic in practice.
To avoid such high offsets, an alternate scheme is proposed in [5], where ACK is allowed to be continuously transmitted by the transmitter, and the receiver should continuously monitor ACK after receiving the first instance of ACK message. As a result, the transceiver circuits cannot be gated even after successful decoding of the packet, negatively impacting battery savings due to transceiver gating. As a result of the aforementioned drawbacks, TPC-based schemes to signal the ACK on DL as part of DPCCH are not favorable.
3
Signalling ACK on UL for DL FET
3.1 New UL Control Channel for FET

FET-DPCCH is a new UL channel that reuses the structure of HS-DPCCH channel to carry TFCI information and the ACK signal for DL FET. The TFCI information is encoded using the (20,5) Reed Muller code currently used for CQI encoding in the HS-DPCCH channel, and is transmitted during the first two slots of DTCH TTI. Subsequent slots after TFCI is sent are dedicated to transmission of the ACK signal. This is illustrated in Figure 3.1-1. With the DL enhancements such as short TTI, the DL packet only occupies a 10ms duration, and hence the Ack signal is not needed during the second 10ms duration of the UL packet. 
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Figure 3.1-1: New UL control channel (FET-DPCCH) to carry ACK signalling
3.2 TDM of FET ACK and TFCI in DPCCH 

An alternative approach to transmit the ACK message on the UL is to TDM the ACK message with UL DPCCH. To this end, the new uplink DPCCH format depicted in Figure 3.2-1 is used. The TFCI information and the FET ACK/NACK indication are transmitted in a TDM manner within a 20ms TTI, where the TFCI is transmitted to the Node-B as early as possible to assist DL FET, for example, in the first 7 slots while the FET ACK/NACK indication is transmitted in the remaining slots.
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Figure 3.2-1: Frame structure for new uplink DPCCH to carry ACK mesage
The relationship between the ACK pattern and FET ACK/NACK indication is presented in Table 3.2-1.

Table 3.2-1: ACK bit pattern for DPCCH
	ACK bit pattern
	FET ACK/NACK indication

	111
	ACK

	000
	NACK


The TFCI is encoded using a (20, 5) or (20, 7) code depending on the number of TFCI information bits. The coding procedure is as shown in Figure 3.2-2.
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Figure 3.2-2: Channel coding of TFCI information bits

The code words of the (20, 5) code are a linear combination of the 5 basis sequences denoted Mi,n defined in the Table 3.2-2 (same as the Table 15A of [2]). The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 3.2-3 (same as the Table 15C of [2]) for
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The TFCI information bits a0, a1, a2, a3, a4 or a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the associated DPCH radio frame.
The output code word bits bi are given by,

for the (20, 5) code, 
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for the (20, 7) code, 
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where i = 0, …, 19, and b20 = 0.
Table 3.2-2: Basis sequences for (20, 5) code

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4

	0
	1
	0
	0
	0
	1

	1
	0
	1
	0
	0
	1

	2
	1
	1
	0
	0
	1

	3
	0
	0
	1
	0
	1

	4
	1
	0
	1
	0
	1

	5
	0
	1
	1
	0
	1

	6
	1
	1
	1
	0
	1

	7
	0
	0
	0
	1
	1

	8
	1
	0
	0
	1
	1

	9
	0
	1
	0
	1
	1

	10
	1
	1
	0
	1
	1

	11
	0
	0
	1
	1
	1

	12
	1
	0
	1
	1
	1

	13
	0
	1
	1
	1
	1

	14
	1
	1
	1
	1
	1

	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


Table 3.2-3: Basis sequences for (20, 7) TFCI code

	I
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


4
Evaluation Methodology

4.1 Evaluation Methodology
The target false alarm and miss detection rates are designed based on analysis of impact on link performance gains, as for example performed in [3,4,5,6,7]. The following methodology is proposed as a framework to design target false alarm and miss detection rates:

1. Compute false alarms and miss detection rates associated with a range of ACK channel design parameters.
2. Evaluate the impact on link performance due to OLPC compensation as a result of false ACK detections and lost FET gains due to missed detections of ACK, for the range of false alarm and missed detection rates obtained in Step 1.

3. Evaluate the impact on link performance due to link resources, like transmit power or dedicated transmit slots, used for the ACK channel.
4.2 Impact of false alarm rate due to OLPC compensation
In the above methodology, the impact of false alarm and missed detection on lost FET gain and OLPC operation is evaluated in Step 2. To evaluate the impact on OLPC operation, we are interested in relationship between false alarm rate of detecting a single ACK message and the overall BLER. In a simulation setup that the ACK signalling is not modelled together with FET, a backoff to OLPC target can be applied to ensure the final BLER target is met, in presence of errors due to false ACK detection. In this section, a methodology is described to calculate the impact on total BLER due to false alarm rate.
Falsely decoding ACK when NACK is sent introduces additional decoding error on data channel, since transmitter terminates transmission of data channel in response to false ACK, although receiver has not successfully decoded the data channel yet. The increased errors on the data channel are compensated automatically through OLPC reaction, at the cost of increased transmit power and set point. To minimize the impact on transmit power due to false ACKs, it is desirable to limit total contribution on overall BLER due to false ACK detections to less than 0.1% additional error to have negligible impact on OLPC operation.

We can find a relationship between the overall error contribution due to false ACK decoding and the probability of falsely decoding ACK per slot.  Let [image: image8.png]


 denote the overall contribution to total BLER due to false ACK decoding, and let [image: image10.png]


denote the probability of false ACK decoding (false alarm) per each attempt i of decoding ACK , i=1,…,NFET, where NFET is the total number of FET attempts.  Let [image: image12.png]


 denote the probability that up-to-and-including attempt i, the transport block is not successfully decoded at receiver.  An error occurs if at attempt i, the transport block fails to decode at receiver, with probability [image: image14.png]


, but a false ACK happens at attempt i, but not earlier, with probability [image: image16.png]


.   Then, the overall error contribution due to false ACK decoding is given by:
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where the summation is over all FET attempts.  The above equation can be solved for [image: image19.png]


, probability of false alarm, to get desired [image: image21.png]


, total contribution on BLER due to false alarm.  
4.3 Impact of missed detection rate on FETgain

In Step 2 above, missed detection impacts FET gain by reducing the chance of gating the transmitter at the time the receiver has successfully decoded the packet.  The loss in gating due to missed detection rate can be approximated as percentage of time losing the gating opportunity.   Let EiFET denote the transmit power in the ith TTI when ACK is successfully decoded, and EiNo-FET denote the transmit power in the ith TTI when ACK is missed.  Then, on the average, the total transmit power over all TTIs is given by 
E { pm × EiNo-FET  + (1 - pm) × EiFET },

where E{.}denotes expectation over time.  The above can be simplified as
E { pm × EiNo-FET  + (1 - pm) × EiNo-FET } =   pm × E {EiNo-FET} + (1 - pm) × E { EiNo-FET}.
E {EiNo-FET} and E { EiNo-FET}can be evaluated in a simulation without modelling the ACK channel, which also greatly simplifies evaluation of impact on total FET gain due to miss detection of ACK.
5
Conclusions

A number of options for the ACK channel on DL and UL is proposed and an evaluation methodology is discussed.
Proposal 1: It is proposed to agree on ACK channel evaluation methodology outlined in this contribution. 
Proposal 2: It is proposed to evaluate ACK channel designs outlined in this contribution as potential candidates for ACK channel design in UL and DL.
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