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1. Introduction

One element for DCH enhancements is UL frame early termination (FET). To signal successful decoding in uplink, an downlink acknowledgement has to be introduced. Since the performance of FET depends on the rapid termination of the UL 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 signaling
In [1], it is proposed that the ACK symbols are transmitted by a NodeB in the DL DPCCH channel using on-off keying, i.e., a non-zero symbol indicates ACK and a zero symbol indicates NACK. ACK symbols are I-Q multiplexed with DL DPCCH TPC symbols, as shown in Fig. 6.2. The power of transmitted ACK symbol is much higher than that of TPC symbols. At the UE, the received joint TPC-ACK symbol is rotated by 45 degrees and ACK is decoded at the Q branch, while the TPC symbol is decoded at the I branch.
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Fig. 1.  ACK symbol in the downlink

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 2.1. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. DL FULL packet
	Geometry [dB]
	ACK power offset [dB]
	Miss rate
	False rate
	Tx Ec/Ior dB
	Tx EC/IOR loss [dB]
	ACK Ec to total Ec rate
	ACK Ec to DPCH Ec rate

	0
	no ACK
	----
	----
	-12,71
	0
	----
	----

	0
	12
	0,012
	0,0025
	-12,39
	0,31
	0,010
	0,072

	0
	13
	0,0094
	0,0025
	-12,31
	0,40
	0,012
	0,089

	0
	14
	0,0072
	0,0025
	-12,20
	0,51
	0,016
	0,11

	0
	15
	0,0057
	0,0026
	-12,08
	0,62
	0,020
	0,13

	6
	no ACK
	----
	----
	-16,08
	0
	----
	----

	6
	12
	0,016
	0,0040
	-15,81
	0,28
	0,0033
	0,068

	6
	13
	0,012
	0,0040
	-15,72
	0,36
	0,0041
	0,085

	6
	14
	0,0087
	0,0040
	-15,64
	0,44
	0,0051
	0,10

	6
	15
	0,0068
	0,0040
	-15,51
	0,57
	0,0065
	0,13

	12
	no ACK
	----
	----
	-16,89
	0
	----
	----

	12
	12
	0,021
	0,0052
	-16,59
	0,30
	0,0027
	0,07

	12
	13
	0,016
	0,0052
	-16,50
	0,39
	0,0035
	0,08

	12
	14
	0,011
	0,0051
	-16,41
	0,48
	0,0043
	0,11

	12
	15
	0,0086
	0,0052
	-16,29
	0,60
	0,0055
	0,13


Table 2.2. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. DL SID packet
	Geometry [dB]
	ACK power offset [dB]
	Miss rate
	False rate
	Tx Ec/Ior [dB]
	Tx Ec/Ior loss [dB]
	ACK Ec to total Ec rate
	ACK Ec to DPCH Ec rate

	0
	no ACK
	----
	----
	-21,29
	0
	----
	----

	0
	18
	0,018
	0,0022
	-20,15
	1,13
	0,0040
	0,23

	0
	19
	0,013
	0,0021
	-19,90
	1,39
	0,0051
	0,27

	0
	20
	0,0093
	0,0023
	-19,60
	1,69
	0,0064
	0,32

	0
	21
	0,0078
	0,0022
	-19,27
	2,02
	0,0080
	0,37

	0
	22
	0,0059
	0,0022
	-18,85
	2,44
	0,010
	0,43

	6
	no ACK
	----
	----
	-23,56
	0
	----
	----

	6
	18
	0,025
	0,0040
	-22,32
	1,24
	0,0025
	0,24

	6
	19
	0,018
	0,0040
	-22,05
	1,51
	0,0031
	0,29

	6
	20
	0,014
	0,0041
	-21,73
	1,8
	0,0039
	0,33

	6
	21
	0,011
	0,0040
	-21,38
	2,19
	0,0049
	0,39

	 
	22
	0,0086
	0,0040
	-20,99
	2,58
	0,0062
	0,44

	12
	no ACK
	----
	----
	-24,25
	0
	----
	----

	12
	18
	0,035
	0,0051
	-23,04
	1,21
	0,0021
	0,24

	12
	19
	0,025
	0,0051
	-22,79
	1,46
	0,0026
	0,29

	12
	20
	0,019
	0,0051
	-22,46
	1,79
	0,0033
	0,34

	12
	21
	0,014
	0,00503
	-22,08
	2,17
	0,0042
	0,39

	12
	22
	0,011
	0,0050
	-21,66
	2,59
	0,0053
	0,45


Table 2.3. ACK miss rate and false rate averaged over all physical channels for different ACK power offsets. DL NULL packet
	Geometry [dB]
	ACK power offset [dB]
	Miss rate
	False rate
	Tx Ec/Ior [dB]
	Tx Ec/Ior loss [dB]
	ACK Ec to total Ec rate
	ACK Ec to DPCH Ec rate

	0
	no ACK
	----
	----
	-26,49
	0
	----
	----

	0
	22
	0,054
	0,0017
	-24,01
	2,47
	0,0033
	0,44

	0
	23
	0,036
	0,0016
	-23,54
	2,94
	0,0042
	0,50

	0
	24
	0,028
	0,0016
	-23,01
	3,48
	0,0053
	0,56

	0
	25
	0,022
	0,0017
	-22,44
	4,05
	0,0066
	0,61

	0
	26
	0,016
	0,0016
	-21,76
	4,73
	0,0085
	0,66

	0
	27
	0,012
	0,0017
	-21,05
	5,44
	0,011
	0,71

	6
	no ACK
	----
	----
	-28,99
	0
	----
	----

	6
	22
	0,089
	0,00306
	-26,39
	2,60
	0,0019
	0,44

	6
	23
	0,062
	0,00308
	-25,92
	3,08
	0,0023
	0,51

	6
	24
	0,043
	0,00309
	-25,34
	3,66
	0,0030
	0,56

	6
	25
	0,035
	0,00310
	-24,73
	4,26
	0,0038
	0,62

	6
	26
	0,025
	0,00303
	-24,14
	4,86
	0,0048
	0,67

	6
	27
	0,019
	0,00307
	-23,44
	5,55
	0,0059
	0,72

	12
	no ACK
	----
	----
	-29,87
	0
	----
	----

	12
	22
	0,108
	0,00406
	-27,21
	2,66
	0,0015
	0,45

	12
	23
	0,079
	0,00409
	-26,68
	3,19
	0,0019
	0,508

	12
	24
	0,0606
	0,00397
	-26,21
	3,65
	0,0024
	0,565

	12
	25
	0,044
	0,00396
	-25,55
	4,32
	0,0031
	0,62

	12
	26
	0,034
	0,00394
	-25,00
	4,87
	0,0037
	0,67

	12
	27
	0,026
	0,00390
	-24,25
	5,62
	0,0048
	0,72


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 two bits only, it consumes from 7 to 72% of the DPCH channel power depending on the packet type. The increased average transmitted power causes increase in Tx 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, a high power ACK symbol becomes an interferer to other channels and increases the data BLER. This in turn causes the power control 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
 Table 1. DL DPCH slot format

	Slot Format
	Channel Bit Rate (kbps)
	SF
	Bits/Slot
	DPDCH

Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame NTr

	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	8
	60
	128
	40
	6
	28
	2
	0
	4
	15

	21
	120
	64
	80
	12
	64
	4, last 2 are DTXed
	0
	0
	15

	22
	120
	64
	80
	12

DTX
	64

DTX
	4, last 2 are DTXed
	0
	0
	15


Table 2. Voice packets simulated on DL 

	Vocoder
	Packet
	TBS
	CRC size
	Slot format
	Number of encoded bits punctured by rate-matching=Npunc
	Rate-matching attributes

	AMR12.2K
	Full-A
	81
	12
	8
	32
	180

	AMR12.2K
	Full-B
	103
	0
	8
	21
	175

	AMR12.2K
	Full-C
	60
	0
	8
	-34
	234

	AMR12.2K
	SID
	39
	12
	8
	8
	180

	AMR12.2K
	Null
	0
	12
	8
	3
	180

	Enhanced
	Full
	245
	16
	21, 22
	-83
	205

	Enhanced
	SID
	40
	16
	21, 22
	-20
	205

	Enhanced
	Null
	1
	16
	21, 22
	-8
	205


Table 3. Frequency of occurrence of AMR packet types, 1st order Markov model

	Packet
	Probability

	Full
	0.5

	SID
	0.0625

	Null
	0.4375


Table 4. Link Level Simulation Parameters for downlink

	Parameter
	Values

	Physical Channels
	DPCH, P-CPICH, P-CCPCH, PICH, and 16 OCNS codes with OVSF indices and relative powers as in 3GPP TS 25.101

	Modulation
	QPSK

	DCH traffic type
	AMR12.2K 

	DCH transport channels
	DTCH carries a fixed AMR 

	(DTCH, DCCH) TTIs
	DTCH 10 ms for enhanced Rel’99 and 20 ms for Rel’99

	DTCH TBS and spreading factor
	See Table 4.2

	DCH rate-matching
	Fixed positions, Rate-matching attributes to be specified in each case to determine of DPDCH channels bits between DTCH and DCCH

	Transmit powers for physical channels
	DPCH: Determined via power control

P-CPICH: Ec/Ior=-10 dB

P-CCPCH: Ec/Ior=-12 dB

PICH: Ec/Ior=-15 dB

OCNS: Total power of all OCNS codes is fixed in each slot.

	DPDCH/DPCCH power ratio
	3 dB

	DPCCH slot format
	AMR12.2K: 8 (R99), (21, 22) in alternate 10 ms (enhanced R99)



	DL 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
	1 slot

	DPCH ILPC gain change boundary within slot
	Start of first DPCCH pilot symbol for formats 8; start of DPCCH TPC symbol for slot formats 21,22

	DPCH ILPC SNR estimation
	Realistic, using Rake, based on P-CPICH and chosen DPCCH symbols (pilots for slot formats 8 and TPC for slot formats (21, 22) and on P-CPICH only for slot format 8m.

	DPCH maximum and minimum power limits
	ILPC is overridden is necessary so that Ec/Ior for non-DTXed DPDCH symbols is within the range

[-40 dB, -4 dB]

	OLPC BLER target
	1% residual BLER after all decoding attempts

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

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Rel. 6 convolutional coder (rate 1/3)

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic, based on P-CPICH pilots

	Transport format detection
	Ideal

	Early decode attempts
	Once every slot, starting after receiving the first 2 ms (3 slots) of the packet

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

	Early termination modelling
	OLPC updates as soon as packet successfully decodes (determined by CRC check), or at the end of the packet. Transmitter does not early terminate DPDCH, but DPDCH power sent after early decode (accounting for ack-delay) is removed from average DPCH TxEc/Ior computation. DPCCH power is not removed

	Early decode ACK miss rate
	0%, 5%, 10%

	Early decode false-ACK rate
	0%, 0.05%, 0.01%

	Propagation Channel
	PA3, PB3, VA30, VA120 (ITU & modified)

	UE Receiver Type
	Rake (PWC)

	Link performance metric
	DPCH TxEc/Ior averaged over entire simulation. The averaging accounts for DTX and DPCCH/DPDCH power offsets.

Decoding block error rates at all the decoding attempts.


