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1. Introduction

One element for DCH enhancements is DL frame early termination (FET). To signal successful decoding in downlink, an uplink acknowledgement has to be introduced. Since the performance of FET depends on the rapid termination of the DL DPDCH, the miss rate for FET-ACK has to be low. Even more critical is the false detection of an ACK since that has as a consequence that the voice frame is terminated early even thought it was not decoded successful.
In this contribution we investigate the required signaling power for reliable FET-ACK signaling.

2. Discussion 
2.1. FET-DPCCH
In [1], a new UL control channels was indirectly proposed which carries the TFCI in the first 1 or 2 slots and the FET ACK for downlink. Further details of the new UL FET-DPCCH channel are given in table 1. The ACK block carries 10 uncoded “ones”. In case of lack of acknowledgment (NACK) nothing is sent.
Table 1.  FET-DPCCH OVSF code selection

	Spreading Factor
	Code Number
	Branch

	256
	33
	I (in-phase component)


2.2. Simulation results

The results below are obtained by assuming a threshold between ACK and NACK at 5 times the noise power. The ACK power offset is relative to the DPCCH power. Further simulation assumptions can be found in the appendix. Results are averaged over different channel types.
It can be observed that different packet types show different performance since the respective power of each is different. Accordingly the produced overhead in the slot the ACK is transmitted is varying. 
Table 5.1. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. FULL packet
	ACK Power Offset [dB]
	Miss rate
	False rate
	Rx Ec/N0 [dB]
	 Rx Ec/N0 loss [dB]
	Ack Ec to total Ec rate 

	no ACK
	----
	----
	-19,67
	0
	----

	3
	0,035
	0
	-19,35
	0,33
	0,060

	4
	0,021
	0
	-19,29
	0,38
	0,074

	5
	0,011
	1,10E-05
	-19,18
	0,49
	0,092

	6
	0,0079
	0
	-19,09
	0,58
	0,11

	7
	0,0046
	1,11E-05
	-18,97
	0,71
	0,14

	8
	0,0037
	0
	-18,81
	0,86
	0,17


Table 5.2. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. SID packet
	ACK Power Offset [dB]
	Miss rate
	False rate
	Rx Ec/N0 [dB]
	 Rx Ec/N0 loss [dB]
	Ack Ec to total Ec rate 

	no ACK
	----
	----
	-22,65
	0
	----

	3
	0,0024
	0,0064
	-22,11
	0,54
	0,11

	4
	0,0013
	0,0060
	-21,98
	0,67
	0,13

	5
	0,0012
	0,0064
	-21,85
	0,80
	0,16

	6
	0,00074
	0,0061
	-21,68
	0,97
	0,19

	7
	0,00078
	0,0063
	-21,44
	1,21
	0,23

	8
	0,00014
	0,0062
	-21,19
	1,45
	0,27


Table 5.3. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. NULL packet
	ACK Power Offset [dB]
	Miss rate
	False rate
	Rx Ec/N0 [dB]
	 Rx Ec/N0 loss [dB]
	Ack Ec to total Ec rate 

	no
	----
	----
	-23,29
	0
	----

	3
	0,0023
	0,023
	-22,72
	0,57
	0,11

	4
	0,0014
	0,023
	-22,61
	0,69
	0,14

	5
	0,00086
	0,023
	-22,42
	0,87
	0,17

	6
	0,00074
	0,023
	-22,27
	1,03
	0,20

	7
	0,0010
	0,022
	-22,01
	1,28
	0,24

	8
	0,00046
	0,023
	-21,74
	1,55
	0,29


It can be seen that the ACK transmission is very costly in terms of the transmitted power. Although ACK can be transmitted only once per frame and it lasts for one slot, it consumes up to 30% of the total transmitted power depending on the packet type. The increased average transmitted power increases Rx Ec/Ior, therefore, it decreases the gain obtained by the application of the early decoding in comparison to the ideal configuration in which ACK is not transmitted. Moreover, due to the radio channel distortions and imperfect channel estimation orthogonality between different physical channels is disturbed. Thus, the high power ACK symbol becomes an interferer to other channels and increases the data BLER. This in turn causes the power control unit to increase the power of the transmitted signal. These phenomena are very well visible when NULL packets are transmitted.
3. Conclusions
For an accurate functionality of FET, the ACK miss rate and especially the wrong detection of ACK have to be kept at a minimum. In this contribution it has been show, that low error probabilities require significant power for signaling. 

Proposal 1: For an optimal operation of FET, maximal acceptable ACK miss rates and false ACK rate should be investigated and agreed.
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Simulation parameter:
	Parameter
	Assumption 

	Physical Channels
	DPCCH, DPDCH, TFCI Control Channel

	Modulation
	BPSK

	DCH transport channels
	DTCH carries a fixed AMR or EVS packet. DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	DTCH 10 ms for enhanced R99 and 20 ms for R99

	DCH packet repetition factor
	2

	DTCH TBS and spreading factor
	As in table 15 and 16 in [] + CRC 16

	DCH rate-matching
	Since DCCH is not transmitted, rate-matching punctures or repeats encoded DTCH packet so as to fill up all available DPDCH bits in the TTI, in accordance with 3GPP TS 25.212

	Puncturing Limit (PL)
	0.66

	DPDCH/DPCCH power ratio
	Specified for each TFC. Optimized for Rx EbNt, subject to 5% BER constraint on the DL TPC bits carried on UL DPCCH, and target DTCH BLER

	DPCCH slot format
	EVS5.9kbps enhanced PHY UL: 5 (2 TPC, 8 Pilot bits per slot)

AMR 12.2 kbps legacy Rel’99: 0 (6 pilots, 2 TFCI, 2 TPC bits per slot). See Table 5.

	TFCI transmission and reception
	Rel’99: (30,10)

Enhanced Rel’99: (20,5)

	TFCI power ratio offset
	3 dB

	UL DPCH ILPC rate
	1500 Hz

	ILPC up-down power step-size
	1 dB

	Bit-error rate for ILPC up-down commands
	4%

	DPCH ILPC feedback delay
	2 slots

	OLPC BLER target
	5% residual BLER after 10ms
R99: 1% residual BLER after 20ms

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Convolutional coder (rate 1/3)

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic, based on DPCCH pilots

	Transport format detection
	TFCI decoding

	Early decode attempts
	Once every 2 ms (=3 slots) until end of all TTI repetitions of the packet, stopping only after a successful decoding or reaching the end of packet (20 ms).

	Early decode ack-delay (from the time that UE has transmitted enough to allow successful decode, to the time it starts applying DTX to the DPDCH)
	2 ms (=3 slots).

	Early termination modeling
	DTX entire UL-DPCCH and UL-DPDCH upon receiving ack.

	Warm up period
	UL-DPCCH is always turned on 2 slots prior to new DTCH packet boundary

	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%

	Propagation Channel
	Modified PA3, PB3, VA30, VA120

	UE Receiver Type
	Rake (MRC)


