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1. 
Introduction

This document investigates the downlink ACK transmission for uplink frame early termination of enhanced DCH for voice.
2. 
Downlink FET-ACK transmission
In [1] an FET-ACK/NACK signals scheme was proposed in order to enable FET in the uplink. 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. 2.1. The power of a 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 the ACK symbol is decoded at the Q branch, while the TPC symbol is decoded at the I branch.
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Fig. 2.1. ACK symbol in the downlink

3. FET-ACK signalling results for uplink FET
3.1 Impact of downlink FET-ACK misdetection on uplink FET performance
The impact of the ACK false alarm (FR) on the performance is presented in table 3.1. For initial investigation, the ACK miss rate (MR) was set to 0 and no additional power has been allocated to DL FET-ACK bits. 
Table 3.1. Performance of the UL system with given ACK false rates compared with the R99 and FET scenarios

	R99 Rx Eb/N0 [dB]
	FET Rx Eb/N0 [dB]
	ACK false rate
	FET + FR + MR, Rx Eb/N0 [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]

	
	
	
	
	
	

	-20.90
	-23.33
	0.001
	-23.19
	2.28
	-0.15

	
	
	0.003
	-22.59
	1.69
	-0.74

	
	
	0.01
	-21.24
	0.33
	-2.10


Table 3.1 presents the system performance (Rx DPCH Eb/N0) for different ACK false rates. Additionally, in the table performance of the R99 and pure Enhanced R99 system (with no ACK, no ACK false and ACK miss rates) is presented for comparison. The best performance can be observed for the smallest ACK false rates with the loss which with respect to pure Enhanced R99 scenarios is equal to 0.15 dB. A worse performance is observed for the ACK false rate equal to 0.003 for which the loss is equal 0.74 dB. The worst performance can be observed for the ACK false rate equal to 0.01. Similarly as in DL, the performance loss increases fast with increasing false rate because false ACK detection means that UE stops the DPCH transmission. This in turn decreases the probability of errorless frame decoding. Finally, the OLPC power control loop increases the SINR target and as a result the transmitted power is higher.

Additionally, the obtained results are presented in Fig. 3.1. 
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Fig. 3.1. Performance of the UL system with given a ACK false rate compared with the R99 and FET scenarios
For further investigations the ACK miss rates equal to 0.001, 0.01 and 0.1. The results obtained for different ACK false and ACK miss rates are presented in Fig. 3.2.
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Fig. 3.2. Performance of the UL system with given ACK false rates and ACK miss rates compared with the R99 and FET scenarios
As seen in Fig. 3.2, the ACK miss rate has a smaller influence on the system performance than the ACK false rate. After changing the ACK miss rate from 0.001 to 0.01 the system performance deteriorates by less than about 0.1 dB. A slightly larger loss is observed if the ACK miss rate achieves the value of 0.1.
Detailed results of system performance with different ACK false and ACK miss rates are presented in Table 3.2. This table presents also the system gain compared with the R99 and Enhanced R99 scenarios.

Table 3.2. Performance of the UL system with given ACK false and ACK miss rates compared with the R99 and FET scenarios
	R99 Rx Eb/N0 [dB]
	FET Rx Eb/N0 [dB]
	Miss Rate
	FR = 0.001
	FR = 0.003
	FR = 0.01

	
	
	
	FET + FR + MR, Eb/N0 [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]
	FET + FR + MR, Rx Eb/N0 [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]
	FET + FR + MR, Rx Eb/N0 [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]

	-20.90
	-23.33
	0.001
	-23.15
	2.25
	-0.19
	-22.60
	1.70
	-0.73
	-21.23
	0.32
	-2.11

	
	
	0.01
	-23.03
	2.13
	-0.30
	-22.66
	1.76
	-0.67
	-21.16
	0.25
	-2.18

	
	
	0.1
	-22.52
	1.62
	-0.81
	-22.08
	1.18
	-1.25
	-20.68
	-0.23
	-2.66


Similarly as in DL, the ACK false rate has a larger influence on the system performance than the ACK miss rate. 

3.2 Downlink FET-ACK power allocation

In order to ensure the desired ACK false and ACK miss rates in UL a proper ACK threshold and ACK power need to be set in the DL. The next part of the research was to find how large ACK Threshold (THR) should be set to obtain the desired ACK false rate. The desired ACK false rate must be obtained for all the investigated radio channels so the research was conducted for the worst case scenario. The worst case scenario was found to be PB3 channel and Geometry equal to 12 dB. The obtained results are presented in Fig. 3.3.
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Fig. 3.3. ACK false rate for different THR values for PB3 channel and for Geometry equal to 12 dB
Based on Figure 3.3, it can be easily found which THR should be chosen to achieve the desired ACK false rate. Thus, to obtain the ACK false rate equal to 0.001 the THR needs to be set to 5.0. Additionally two other ACK false rates have been evaluated: 0.003 and 0.01. To obtain these false rates the THR need to be set to 4.2 and 3.2, respectively. 

After the THR values have been determined, the proper ACK powers need to be found to ensure the desired ACK miss rate. The search has been performed for different ACK powers (in range from 6 to 26 dB) for each THR value for the VA120 channel and Geometry = 12 dB which was found to be the worst case. The obtained results are presented in Tables 3.3 – 3.5.

Table 3.3. Performance of the DL system with a given ACK power and ACK THR equal to 5.0 (ACK false rate = 0.001) compared with the R99 and FET scenarios for VA120 km/h channel and Geometry equal to 12 dB
	Scenario
	ACK Power [dB]
	ACK THR
	ACK MISS RATE
	ACK FALSE RATE
	Tx EC/IOR [dB]
	Gain to FET [dB]
	Gain to R99 [dB]
	ACK EC TO TOTAL EC RATE
	ACK EC TO DPCH EC RATE

	R99
	no
	no ACK
	----
	----
	-23.43
	----
	----
	----
	----

	FET
	no
	No ACK
	----
	----
	-25.51
	----
	2.08
	----
	----

	FET,ACK
	6
	5
	0.58
	0.00016
	-25.35
	-0.16
	1.93
	0.00012
	0.053

	FET,ACK
	8
	5
	0.40
	0.00016
	-25.26
	-0.25
	1.83
	0.00019
	0.080

	FET,ACK
	10
	5
	0.25
	0.00013
	-25.12
	-0.39
	1.69
	0.00031
	0.12

	FET,ACK
	12
	5
	0.15
	0.00016
	-24.95
	-0.56
	1.53
	0.00048
	0.17

	FET,ACK
	14
	5
	0.087
	0.00015
	-24.71
	-0.80
	1.28
	0.00074
	0.23

	FET,ACK
	16
	5
	0.052
	0.00016
	-24.32
	-1.19
	0.89
	0.0012
	0.31

	FET,ACK
	18
	5
	0.027
	0.00016
	-23.80
	-1.71
	0.37
	0.0018
	0.39

	FET,ACK
	20
	5
	0.013
	0.00013
	-22.95
	-2.56
	-0.48
	0.0027
	0.48

	FET,ACK
	22
	5
	0.0052
	0.00016
	-21.93
	-3.58
	-1.50
	0.0042
	0.56

	FET,ACK
	24
	5
	0.0021
	0.00018
	-20.65
	-4.86
	-2.78
	0.0062
	0.63

	FET,ACK
	26
	5
	0.00073
	0.00017
	-19.30
	-6.21
	-4.13
	0.0089
	0.69


Table 3.4. Performance of the DL system with a given ACK power and ACK THR equal to 4.2 (ACK false rate = 0.003) compared with the R99 and FET scenarios for VA120 km/h channel and Geometry equal to 12 dB
	Scenario
	ACK Power [dB]
	ACK THR
	ACK MISS RATE
	ACK FALSE RATE
	Tx EC/IOR [dB]
	Gain to FET [dB]
	Gain to R99 [dB]
	ACK EC TO TOTAL EC RATE
	ACK EC TO DPCH EC RATE

	R99
	no
	no ACK
	----
	----
	-23.43
	----
	----
	----
	----

	FET
	no
	No ACK
	----
	----
	-25.51
	----
	2.08
	----
	----

	FET,ACK
	6
	4.2
	0.45
	0.00059
	-25.35
	-0.16
	1.93
	0.00012
	0.053

	FET,ACK
	8
	4.2
	0.30
	0.00057
	-25.26
	-0.25
	1.83
	0.00019
	0.080

	FET,ACK
	10
	4.2
	0.18
	0.00056
	-25.12
	-0.39
	1.69
	0.00031
	0.12

	FET,ACK
	12
	4.2
	0.10
	0.00054
	-24.95
	-0.56
	1.53
	0.00048
	0.17

	FET,ACK
	14
	4.2
	0.058
	0.00061
	-24.71
	-0.80
	1.28
	0.00074
	0.23

	FET,ACK
	16
	4.2
	0.032
	0.00065
	-24.32
	-1.19
	0.89
	0.0012
	0.31

	FET,ACK
	18
	4.2
	0.016
	0.00058
	-23.80
	-1.71
	0.37
	0.0018
	0.39

	FET,ACK
	20
	4.2
	0.0068
	0.00054
	-22.95
	-2.56
	-0.48
	0.0027
	0.48

	FET,ACK
	22
	4.2
	0.0024
	0.00054
	-21.93
	-3.58
	-1.50
	0.0042
	0.56

	FET,ACK
	24
	4.2
	0.00092
	0.00068
	-20.65
	-4.86
	-2.78
	0.0062
	0.63

	FET,ACK
	26
	4.2
	0.00044
	0.00060
	-19.30
	-6.21
	-4.13
	0.0089
	0.69


Table 3.5. Performance of the DL system with a given ACK power and ACK THR equal to 3.2 (ACK false rate = 0.01) compared with the R99 and FET scenarios for VA120 km/h channel and Geometry equal to 12 dB
	Scenario
	ACK Power [dB]
	ACK THR
	ACK MISS RATE
	ACK FALSE RATE
	Tx EC/IOR [dB]
	Gain to FET [dB]
	Gain to R99 [dB]
	ACK EC TO TOTAL EC RATE
	ACK EC TO DPCH EC RATE

	R99
	no
	no ACK
	----
	----
	-23.43
	----
	----
	----
	----

	FET
	no
	No ACK
	----
	----
	-25.51
	----
	2.08
	----
	----

	FET,ACK
	6
	3.2
	0.28
	0.0029
	-25.35
	-0.16
	1.93
	0.00012
	0.053

	FET,ACK
	8
	3.2
	0.18
	0.0028
	-25.26
	-0.25
	1.83
	0.00019
	0.080

	FET,ACK
	10
	3.2
	0.10
	0.0027
	-25.12
	-0.39
	1.69
	0.00031
	0.12

	FET,ACK
	12
	3.2
	0.057
	0.0027
	-24.95
	-0.56
	1.53
	0.00048
	0.17

	FET,ACK
	14
	3.2
	0.029
	0.0028
	-24.71
	-0.80
	1.28
	0.00074
	0.23

	FET,ACK
	16
	3.2
	0.014
	0.0029
	-24.32
	-1.19
	0.89
	0.0012
	0.31

	FET,ACK
	18
	3.2
	0.0067
	0.0027
	-23.80
	-1.71
	0.37
	0.0018
	0.39

	FET,ACK
	20
	3.2
	0.0024
	0.0028
	-22.95
	-2.56
	-0.48
	0.0027
	0.48

	FET,ACK
	22
	3.2
	0.00065
	0.0028
	-21.93
	-3.58
	-1.50
	0.0042
	0.56

	FET,ACK
	24
	3.2
	0.00037
	0.0029
	-20.65
	-4.86
	-2.78
	0.0062
	0.63

	FET,ACK
	26
	3.2
	0.00015
	0.0029
	-19.30
	-6.21
	-4.13
	0.0089
	0.69


Based on the obtained results, after performing interpolation, the exact ACK power values that allow for achieving the ACK miss rates equal to 0.001, 0.003, 0.01, 0.03, 0.1, 03 are summarized in table 3.6.

Table 3.6. ACK false rates and ACK miss rates and the corresponding ACK THR and ACK powers
	ACK false rate
	ACK miss rate
	ACK THR
	ACK Power [dB]

	0.001
	0.3
	5.0
	9.25

	
	0.1
	5.0
	13.5

	
	0.03
	5.0
	17.75

	
	0.01
	5.0
	20.5

	
	0.003
	5.0
	23.25

	
	0.001
	5.0
	25.5

	0.003
	0.3
	4.2
	7.75

	
	0.1
	4.2
	12.25

	
	0.03
	4.2
	16.25

	
	0.01
	4.2
	19.25

	
	0.003
	4.2
	21.5

	
	0.001
	4.2
	23.75

	0.01
	0.3
	3.2
	5.75

	
	0.1
	3.2
	10

	
	0.03
	3.2
	14

	
	0.01
	3.2
	17

	
	0.003
	3.2
	19.5

	
	0.001
	3.2
	21.25


3.3 Impact of DL ACK power allocation on DL performance
This set of simulations has been performed for the combinations of the ACK false rates equal to 0.001 / 0.003 / 0.01 and the ACK miss rate equal to 0.001 / 0.01 / 0.1. The obtained results are presented in Table 3.7 and figure 3.4.

Table 3.7. Performance of the DL system with a given ACK power and ACK THR to obtain ACK false rates equal to 0.001 / 0.003 / 0.01 and ACK miss rates equal to 0.001 / 0.01 / 0.1 compared with the R99 and FET scenarios 

	Geometry
	R99 Tx Ec/Ior [dB]
	FET Tx Ec/Ior [dB]
	Miss Rate
	FR = 0.001
	FR = 0.003
	FR = 0.01

	
	
	
	
	FET + ACK, Tx Ec/Ior [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]
	FET + ACK, Tx Ec/Ior [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]
	FET + ACK, Tx Ec/Ior [dB]
	Gain vs R99 [dB]
	Gain vs FET [dB]

	G0
	-16.55
	-17.90
	0.001
	-11.74
	-4.82
	-6.17
	-13.03
	-3.53
	-4.87
	-14.52
	-2.03
	-3.38

	
	-16.55
	-17.90
	0.01
	-14.91
	-1.64
	-2.99
	-15.49
	-1.07
	-2.41
	-16.32
	-0.24
	-1.59

	
	-16.55
	-17.90
	0.1
	-17.12
	0.57
	-0.78
	-17.31
	0.75
	-0.59
	-17.54
	0.99
	-0.36

	G3
	-19.93
	-21.82
	0.001
	-15.97
	-3.96
	-5.86
	-17.03
	-2.90
	-4.79
	-18.67
	-1.26
	-3.15

	
	-19.93
	-21.82
	0.01
	-18.98
	-0.95
	-2.84
	-19.48
	-0.45
	-2.34
	-20.30
	0.37
	-1.53

	
	-19.93
	-21.82
	0.1
	-21.08
	1.16
	-0.74
	-21.30
	1.37
	-0.52
	-21.52
	1.59
	-0.30

	G6
	-22.00
	-24.04
	0.001
	-18.22
	-3.78
	-5.82
	-19.43
	-2.57
	-4.61
	-20.86
	-1.14
	-3.18

	
	-22.00
	-24.04
	0.01
	-21.25
	-0.75
	-2.79
	-21.78
	-0.22
	-2.27
	-22.55
	0.55
	-1.49

	
	-22.00
	-24.04
	0.1
	-23.31
	1.31
	-0.74
	-23.50
	1.50
	-0.54
	-23.68
	1.68
	-0.36

	G9
	-23.47
	-25.47
	0.001
	-19.69
	-3.78
	-5.78
	-20.95
	-2.52
	-4.52
	-22.36
	-1.11
	-3.11

	
	-23.47
	-25.47
	0.01
	-22.72
	-0.75
	-2.75
	-23.27
	-0.20
	-2.20
	-24.05
	0.58
	-1.42

	
	-23.47
	-25.47
	0.1
	-24.77
	1.30
	-0.70
	-24.95
	1.48
	-0.52
	-25.13
	1.67
	-0.33

	G12
	-24.41
	-26.42
	0.001
	-20.68
	-3.73
	-5.74
	-21.90
	-2.51
	-4.52
	-23.32
	-1.09
	-3.10

	
	-24.41
	-26.42
	0.01
	-23.68
	-0.74
	-2.74
	-24.24
	-0.17
	-2.18
	-24.99
	0.58
	-1.43

	
	-24.41
	-26.42
	0.1
	-25.73
	1.32
	-0.69
	-25.89
	1.48
	-0.53
	-26.06
	1.65
	-0.36
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Fig. 3.4. Performance of the DL system with a given ACK power and ACK THR to obtain the ACK false rates equal to 0.001 / 0.003 / 0.01 and the ACK miss rates equal to 0.001 / 0.01 / 0.1 compared with the R99 and FET scenarios for Geometry equal to 12 dB
As can be seen in Table 3.7, in most cases the system performance is worse than that of the R99 system. It is because a very large amount of power is needed to transmit ACK bits. The desired ACK false and ACK miss rates have a direct impact on the power used to transmit ACK bits. The larger ACK false and ACK miss rates the lower power is needed.

4. 
Conclusion
As presented in this chapter, the ACK signalling approach investigated in this document require so high power that overall performance of the Enhanced R99 system with ACK signalling degrades significantly. The only way to decrease the ACK power consumption is to relax requirements for the ACK false and ACK miss rates. This, on the other hand, will have negative effect on the inverse link performance. Another solution than OOK ACK superimposed on a TPC symbol may need to be considered.
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