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1
Introduction

Some of the DCH Enhancements solutions studied in the technical report [1] used TDM-ing of multiple voice UEs on a single OVSF code on the downlink in order to reduce the DL TTI and thus achieve UE current savings. The TDM-ing required the network to be able to find pairs of UEs that could be TDM-ed and further to maintain this pairing in presence of UE mobility. This is a very challenging task, with potential for high complexity at both UE and network, and for loss of system gains due to inability to maintain pairing at all times. In this contribution, we propose alternative designs that achieve UE current savings by reducing the DL early-decoding time without introducing TDM of multiple users and the complexities associated with the need to maintain the user-pairing. We also provide an initial link analysis of these designs.
2
Short-TTI solutions
The UE power consumption savings were achieved by the TDM scheme in Solution 1 of [1] by means of halving the DL TTI. The need for the user-pairing was introduced because the spreading factor was also halved to avoid steep code-rate increase with the halved TTI, and hence each voice UE effectively used twice the number of OVSF codes, unless it was paired with another voice UE via TDM on the same OVSF code. However, other approaches could try to reduce the TTI, or reduce the average decoding time, without reducing the spreading factor. Some approaches to this are as follows:

(a) Target a more aggressive DL BLER, eg. 0.1% after 20ms instead of the usual 1%. This could include targeting the BLER at a different early decoding attempt, eg. targeting 5% BLER after 10ms, provided the resulting BLER after 20ms does not exceed 1%. The more aggressive BLER target implies that the average decoding time will be reduced when early-decoding is enabled.

(b) Use a 10ms TTI without reducing the spreading factor, i.e., using the same slot-format as proposed for use with the 20ms TTI (as in Section 2.2). This results in significant puncturing and consequent increase of code-rate. As a result, instead of using a rate 1/3 code as currently typical for voice, it may be preferable to use a rate ½ code. In this mode, voice-packets are transmitted only in alternate TTIs, however there is no need to pair users because the OVSF code usage of each user is unchanged. In the alternate TTIs where voice-packets are not sent, the DPCCH is still transmitted to support the uplink by carrying TPC commands and possibly the Ack for UL FET, but as in Solution 1 of [1], it can be DTXed once the uplink has also been decoded and acknowledged.

(c) The approach (b) may cause significant increase in required TxEc/Ior due to increased code-rate, thus hurting link efficiency. An alternative variation is to repeat the voice frame in two consecutive 10ms TTIs instead of only transmitting in alternate TTIs. This increases the decoding time, but improves link-efficiency. Approach (a) can be used in conjunction with this. This approach is very similar to that proposed for the uplink in Solution 1 of [1].

Note that relative to Solution 3 of [1], all the above approaches will cause a loss of link-efficiency, but improvement in UE current consumption. The reduced current consumption is due to increased DRX time and the possibility of terminating UL DPCCH earlier since the requirement of sending UL DPCCH in order to maintain the downlink will on average end earlier. The approach (a) allows a smooth trade-off of link-efficiency gain vs. UE current consumption savings by controlling the chosen BLER target. A study is required to decide which of the above approaches should be considered for standardization. For example, if using only approach (a) without shortening the TTI allows the same trade-off of link-gain vs current consumption gain as (b) and (c), then it is simpler to only standardize (a) and thus avoid complicating the specification with multiple modes.

Also note that if the DRX time for UEs increases significantly (as in case of solution (b), which assures 10ms of DPDCH DRX), then it is still preferable, from an interference perspective, that the DRX times of all the UEs do not align, i.e., the DRX times should be randomly distributed. However, a somewhat similar issue exists even in the current R99 – it is preferable to stagger the DPCH timing of different voice UEs so as to minimize the time-alignment between their DPCCH symbols (which could be power-boosted). The current schemes for assigning the DPCH timing (tau-DPCH) to avoid this issue should suffice (or be easily modifiable) to sufficiently randomize the relative alignments of the UE DRX times as well.
Finally, note that relative to the TDM solution where TTI halving is accompanied by SF halving, the solutions outlined here are expected to be inefficient in the sense of still having a much higher average decode time for a comparable link efficiency. However, the TDM solution contains the hidden inefficiency whenever TDM-pairing is not perfect, and the complexities of trying to maintain this pairing at all times.
3
Link Analysis
We compare the following new schemes along with Solutions 1 and 3 of [1]: 
TightBler: This is like Solution 3 of [1], except that the BLER target after 20ms is 0.1% instead of 1%. This scheme follows approach (a) of Section 2.
HalfTTI: This is like Solution 1 of [1], except that the spreading-factor is not reduced, i.e., the slot-format is the same as that in Solution 3 of [1], and rate-half convolutional coding is used. This scheme follows approach (b) of Section 2.
HalfTTIrepeat: This is like the HalfTTI scheme, except that packet using the 10ms TTI is repeated so as to occupy 20ms instead of being sent only in alternate 10ms, and a BLER of 10% after 10ms is targeted. Also, the pseudo-flexible rate-matching approach is used (as in Solution 3 of [1]). This scheme follows approach (c) of Section 2.
The simulation assumptions for TightBler and HalfTTIrepeat are identical to those of Solution 3 of [1], while those for HalfTTI are identical to those of Solution 1 of [1]. Note that the HalfTTI scheme can be further improved by adopting pseudo-flexible rate-matching (as in Solution 3 of [1]) instead of the rate-matching used in R99 and in Solution 1 of [1]. The link gains and average decoding time of the schemes are compared in Table 1. The following observations can be made:
1) As expected and intended, relative to Solution 3 of [1], all the new solutions (TightBler, HalfTTI and HalfTTIrepeat) have less link gain, but more current savings (i.e., lower decoding time).
2) TightBler and HalfTTIrepeat are both reasonably comparable and represent two different operating points on the link-gain vs. decoding time trade-off. Due to the difference in TTI and BLER target, when compared to HalfTTIrepeat, the TightBler scheme achieves higher link-gain with higher decoding time for Full and SID packets, and lower link-gain with lower decoding time for Null packet.
3) At 50% voice-activity, relative to Solution 3 of [1], TightBler saves around 2.3 slots of decode time for around 0.4dB link loss, while HalfTTIrepeat saves 3-3.5 slots of decode time for around 0.8-1dB link loss. This applies across all channels and geometries, except for PA3 at low geometry, which is known for anomalous behavior from earlier study as well [1]. In this channel condition, TightBler shows higher link loss and lower decoding time, while HalfTTIrepeat shows lower link loss and higher decoding time when compared to other channel conditions.
4) The HalfTTI scheme loses around 2dB of link-gain compared to Solution 3 of [1], and actually has a loss relative to R99 in PA3 even at 6dB geometry. However it has significantly lower average decode time, which is only around 2 slots more than that of Solution 1 of [1]. As noted earlier, though HalfTTI is worse than Solution 1 of [1] in both link gain and decode time, it is still preferrable since it avoids TDM-pairing. It can be further improved by application of pseudo-flexible rate-matching, and although this can also be said about Solution 1 of [1], it may be expected that the HalfTTI scheme benefits more from the rate-matching improvement, due to its higher code rate.
5) By changing TightBler to target a more aggressive BLER after 20ms or at an earlier decoding time, it may be possible to more closely align its performance with HalfTTIrepeat. However, such alignment may not be possible for all BLER target choices used with HalfTTIrepeat. In particular, the HalfTTIrepeat solution with a BLER target of 1% after 10ms is almost identical to HalfTTI in performance; whereas it may be expected that achieving the low decoding time thus realized by instead using a more aggressive BLER target in TightBler will cost much more in terms of link gain. Similarly, if maximizing the link gain is the desired goal, we should target as large a BLER as possible, and it may be expected that the HalfTTIrepeat solution is inferior to the TightBler solution if they both target 1% BLER after 20ms (in this case, TightBler is identical to Solution 3 of [1]).
6) The BLER targets were achieved in all channels except PA3. The HalfTTIrepeat scheme also achieved its BLER target in PA3, and achieved BLER after 20ms in other channels that was 0.2-0.3% for Null packet and 0.1% or less for Full and SID packets. The BLER in PA3 at low geometry is in general somewhat higher. The BLER in PA3 for all schemes is shown in Table 2.
Table 1: Link analysis of proposed downlink schemes.
	Chan-nel
	AMR 12.2kbps packet
	Geometry dB
	R99 EcIor (dB)
	link gains over R99 (dB)
	average decoding time (slots)

	
	
	
	
	Sol. 3 of [1]
	Sol.1 of [1]
	Tight-Bler
	HalfTTI-repeat
	HalfTTI
	Sol.3 of [1]
	Sol.1 of [1]
	Tight-Bler
	HalfTTI-repeat
	HalfTTI

	ITU PA3
	Full
	3
	-16.84
	2.09
	0.23
	1.13
	1.61
	-1.69
	15.8
	6.1
	10.9
	13.1
	9.5

	
	
	6
	-19.51
	1.88
	0.95
	1.35
	1.25
	-2.04
	16.8
	7.1
	12.9
	13.1
	9.2

	
	
	9
	-21.85
	1.89
	1.08
	1.47
	1.12
	-0.33
	17
	7.4
	14.1
	13.1
	9.8

	
	
	12
	-23.81
	1.97
	1.11
	1.54
	1.09
	-0.14
	17.1
	7.5
	14.4
	13.1
	10

	
	Null
	3
	-22.99
	6.51
	5.88
	5.76
	6.18
	3.32
	12.2
	5.6
	9.1
	10.7
	6.6

	
	
	6
	-25.51
	6.6
	6.08
	6.03
	6.22
	4.34
	12.4
	5.8
	10
	10.8
	7.2

	
	
	9
	-27.85
	6.67
	6.19
	6.1
	6.25
	4.4
	12.4
	5.8
	10.2
	10.8
	7.3

	
	
	12
	-29.9
	6.74
	6.14
	6.1
	6.33
	4.42
	12.5
	5.9
	10.1
	10.7
	7.3

	
	SID
	3
	-20.57
	4.54
	3.41
	3.66
	3.99
	0.54
	14.8
	6.1
	10.7
	12.4
	8.3

	
	
	6
	-23.26
	4.36
	3.68
	3.88
	3.75
	1.56
	15.3
	6.7
	12.2
	12.4
	8.5

	
	
	9
	-25.56
	4.44
	3.81
	4
	3.84
	2.23
	15.4
	6.9
	12.9
	12.4
	9

	
	
	12
	-27.52
	4.49
	3.86
	4.08
	3.81
	2.35
	15.5
	6.9
	13
	12.4
	9.1

	
	50% VAF
	3
	-18.83
	2.67
	0.90
	1.73
	2.20
	-1.08
	14.2
	5.9
	10.1
	12.0
	8.2

	
	
	6
	-21.47
	2.50
	1.60
	1.97
	1.88
	-1.30
	14.8
	6.5
	11.6
	12.1
	8.3

	
	
	9
	-23.81
	2.51
	1.73
	2.08
	1.77
	0.29
	14.9
	6.7
	12.3
	12.1
	8.7

	
	
	12
	-25.79
	2.58
	1.75
	2.14
	1.74
	0.46
	15.0
	6.8
	12.4
	12.0
	8.8

	ITU PB3
	Full
	3
	-18.5
	2.01
	1.49
	1.67
	1.14
	0.31
	17.8
	8.6
	15.3
	13.2
	10.8

	
	
	6
	-19.98
	1.99
	1.51
	1.69
	1.14
	0.31
	17.7
	8.6
	15.3
	13.2
	10.8

	
	
	9
	-20.95
	1.97
	1.52
	1.66
	1.14
	0.32
	17.6
	8.6
	15.2
	13.2
	10.8

	
	
	12
	-21.51
	1.97
	1.53
	1.66
	1.14
	0.34
	17.6
	8.6
	15.1
	13.2
	10.8

	
	Null
	3
	-24.44
	6.87
	6.7
	6.29
	6.39
	4.81
	12.6
	6.4
	10.3
	10.8
	7.8

	
	
	6
	-25.92
	6.9
	6.74
	6.33
	6.47
	4.87
	12.5
	6.4
	10.3
	10.8
	7.8

	
	
	9
	-26.92
	6.86
	6.73
	6.3
	6.42
	4.89
	12.5
	6.4
	10.2
	10.8
	7.8

	
	
	12
	-27.44
	6.91
	6.78
	6.34
	6.51
	4.96
	12.4
	6.4
	10.2
	10.7
	7.7

	
	SID
	3
	-22.14
	4.65
	4.4
	4.27
	3.88
	2.78
	16
	7.8
	13.7
	12.6
	9.8

	
	
	6
	-23.64
	4.65
	4.42
	4.24
	3.87
	2.81
	15.9
	7.8
	13.5
	12.6
	9.8

	
	
	9
	-24.6
	4.67
	4.45
	4.29
	3.88
	2.83
	15.9
	7.9
	13.5
	12.6
	9.8

	
	
	12
	-25.21
	4.62
	4.42
	4.22
	3.84
	2.8
	15.8
	7.8
	13.4
	12.5
	9.8

	
	50% VAF
	3
	-20.45
	2.65
	2.16
	2.29
	1.81
	0.92
	15.4
	7.6
	13.0
	12.1
	9.4

	
	
	6
	-21.93
	2.63
	2.18
	2.31
	1.81
	0.92
	15.3
	7.6
	13.0
	12.1
	9.4

	
	
	9
	-22.90
	2.61
	2.19
	2.28
	1.80
	0.93
	15.3
	7.6
	12.9
	12.1
	9.4

	
	
	12
	-23.46
	2.61
	2.20
	2.28
	1.81
	0.96
	15.2
	7.6
	12.9
	12.1
	9.4

	ITU VA30
	Full
	3
	-18.73
	2.04
	1.31
	1.66
	0.91
	-0.09
	17.7
	8.4
	15.3
	13
	10.7

	
	
	6
	-20.3
	2.02
	1.36
	1.62
	0.94
	-0.05
	17.7
	8.4
	15.1
	13
	10.6

	
	
	9
	-21.33
	2.01
	1.38
	1.63
	0.97
	-0.02
	17.6
	8.4
	15.1
	13
	10.6

	
	
	12
	-21.94
	2.02
	1.39
	1.63
	0.98
	-0.01
	17.6
	8.3
	15
	12.9
	10.6

	
	Null
	3
	-24.66
	6.98
	6.6
	6.33
	6.35
	4.67
	12.7
	6.4
	10.5
	10.6
	7.8

	
	
	6
	-26.23
	6.98
	6.65
	6.36
	6.4
	4.82
	12.7
	6.4
	10.4
	10.6
	7.8

	
	
	9
	-27.19
	7.09
	6.73
	6.49
	6.55
	4.98
	12.6
	6.3
	10.3
	10.6
	7.7

	
	
	12
	-27.78
	7.15
	6.76
	6.56
	6.62
	5.05
	12.5
	6.3
	10.3
	10.6
	7.7

	
	SID
	3
	-22.39
	4.74
	4.21
	4.26
	3.71
	2.45
	15.9
	7.7
	13.6
	12.4
	9.7

	
	
	6
	-23.97
	4.74
	4.25
	4.24
	3.77
	2.58
	16
	7.7
	13.4
	12.4
	9.7

	
	
	9
	-25.02
	4.74
	4.28
	4.28
	3.79
	2.6
	15.8
	7.7
	13.5
	12.3
	9.7

	
	
	12
	-25.6
	4.81
	4.31
	4.31
	3.86
	2.67
	15.8
	7.6
	13.3
	12.3
	9.6

	
	50% VAF
	3
	-20.68
	2.69
	1.98
	2.29
	1.59
	0.54
	15.4
	7.5
	13.1
	11.9
	9.4

	
	
	6
	-22.25
	2.67
	2.03
	2.25
	1.62
	0.59
	15.4
	7.5
	12.9
	11.9
	9.3

	
	
	9
	-23.27
	2.67
	2.06
	2.28
	1.67
	0.64
	15.3
	7.4
	12.9
	11.9
	9.3

	
	
	12
	-23.87
	2.69
	2.08
	2.29
	1.68
	0.65
	15.3
	7.4
	12.8
	11.9
	9.3

	ITU VA120
	Full
	3
	-18.92
	2.01
	1.37
	1.65
	0.88
	-0.12
	18.2
	8.7
	15.8
	13.3
	11

	
	
	6
	-20.35
	1.98
	1.38
	1.63
	0.92
	-0.04
	18.1
	8.7
	15.6
	13.2
	10.9

	
	
	9
	-21.25
	1.99
	1.4
	1.64
	0.95
	0.02
	18
	8.6
	15.5
	13.2
	10.9

	
	
	12
	-21.79
	1.99
	1.41
	1.63
	0.97
	0.03
	18
	8.6
	15.4
	13.2
	10.8

	
	Null
	3
	-24.83
	6.98
	6.7
	6.41
	6.39
	4.73
	12.9
	6.5
	10.7
	10.8
	8

	
	
	6
	-26.22
	7.04
	6.76
	6.45
	6.48
	4.89
	12.8
	6.4
	10.5
	10.7
	7.9

	
	
	9
	-27.11
	7.11
	6.8
	6.55
	6.59
	5
	12.7
	6.4
	10.5
	10.7
	7.8

	
	
	12
	-27.64
	7.16
	6.82
	6.58
	6.65
	5.09
	12.6
	6.3
	10.4
	10.6
	7.8

	
	SID
	3
	-22.6
	4.7
	4.29
	4.22
	3.71
	2.45
	16.3
	8
	13.9
	12.6
	10

	
	
	6
	-24
	4.76
	4.32
	4.29
	3.79
	2.61
	16.3
	7.9
	13.8
	12.5
	9.9

	
	
	9
	-24.94
	4.75
	4.32
	4.29
	3.81
	2.67
	16.1
	7.8
	13.6
	12.5
	9.9

	
	
	12
	-25.46
	4.8
	4.38
	4.36
	3.86
	2.73
	16.1
	7.8
	13.7
	12.4
	9.8

	
	50% VAF
	3
	-20.87
	2.66
	2.05
	2.28
	1.57
	0.52
	15.8
	7.7
	13.5
	12.2
	9.6

	
	
	6
	-22.29
	2.64
	2.07
	2.27
	1.62
	0.61
	15.7
	7.6
	13.3
	12.1
	9.5

	
	
	9
	-23.19
	2.66
	2.09
	2.29
	1.65
	0.68
	15.6
	7.6
	13.2
	12.1
	9.5

	
	
	12
	-23.72
	2.66
	2.10
	2.29
	1.68
	0.69
	15.5
	7.5
	13.1
	12.0
	9.4


Table 2: BLER (percentage) after 20ms in PA3 for proposed downlink schemes.
	AMR 12.2kbps packet
	Geometry dB
	R99
	Sol.3 of [1]
	Sol.1 of [1]
	Tight-Bler
	HalfTTI-repeat
	HalfTTI

	
	
	
	
	
	
	
	

	Full
	3
	1.3
	1.1
	1.2
	0.5
	0.6
	4.1

	
	6
	1
	1
	1
	0.1
	0.2
	1.4

	
	9
	1
	1
	1
	0.1
	0.1
	1

	
	12
	1
	1
	1
	0.1
	0
	1

	Null
	3
	1.1
	1
	1
	0.1
	0.4
	1.3

	
	6
	1
	1
	1
	0.1
	0.3
	1

	
	9
	1
	1
	1
	0.1
	0.3
	1

	
	12
	1
	1
	1
	0.1
	0.3
	1

	SID
	3
	1.2
	1.1
	1.1
	0.3
	0.5
	2.6

	
	6
	1
	1
	1
	0.1
	0.2
	1.1

	
	9
	1
	1
	1
	0.1
	0.1
	1

	
	12
	1
	1
	1
	0.1
	0.1
	1

	50% VAF
	3
	1.2
	1.1
	1.1
	0.3
	0.5
	2.8

	
	6
	1.0
	1.0
	1.0
	0.1
	0.2
	1.2

	
	9
	1.0
	1.0
	1.0
	0.1
	0.2
	1.0

	
	12
	1.0
	1.0
	1.0
	0.1
	0.1
	1.0


4
Conclusions

We have proposed schemes for shortening the DL TTI and thus enabling UE current savings via DL DRX and UL DTX, without reducing the UE’s spreading factor. An initial link analysis of these schemes and description how they can achieve a flexible trade-off of DL link gains against DL DRX gains has also been provided.
4
References

[1] TR 25.702, “Study on Dedicated Channel (DCH) enhancements for UMTS”
