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1
Introduction

In [1], we introduced new DL DCH enhancements schemes with the objective of achieving lower decoding times and thus leading to more UE current savings via DRX, by sacrificing some of the link gain relative to R99, while avoiding need to TDM multiple users on the same OVSF code. Low decoding times approaching those of Solution 1 of [2] were obtained using the same spreading factor used in Solution 3 of [2], thus avoiding the need for TDM and the associated difficulties and signaling overheads in maintaining TDM pairing in presence of UE mobility. In this contribution, these new schemes are studied for a wider range of BLER targets than those considered in [1], thus presenting in more detail the tradeoff between link gain and UE decoding time savings for these schemes. We propose to select one out of these schemes based on this tradeoff. Specifically, we propose to maintain the 20ms TTI for voice packets as in the current R99, but to allow signaling of a new parameter that specifies the decoding attempt by which the configured BLER target must be achieved.
2
Analysis of alternative schemes
The alternative schemes named ‘TightBler’, ‘HalfTTI’ and ‘HalfTTIrepeat’ studied in [1] were based on alternative possible choices of three main components:

a) TTI: Either 20ms TTI (as in Solution 3 of [2]), or 10ms TTI with 2 repetitions (similar to the proposal for uplink in Solution 1 of [2]) was used. When 10ms is used, half-rate convolutional coding is used to prevent excessive puncturing, since unlike the case of uplink, the spreading factor is not changed when TTI is reduced.

b) BLER target: We could target a BLER that is lower than the typical 1% for each voice packet, or alternatively, we could target a BLER at an earlier decode attempt (prior to the end of the packet).

c) Rate-matching (RM): RM algorithm could be current R99 RM or pseudo-flexible RM (as proposed in Solution 3 of [2]).
The choices of these components made for the three schemes in [1] and the changes made in the current contribution are summarized in Table 1. The main change is the use of additional BLER targets, and use of pseudo-flexible RM for ‘HalfTTI’ scheme. Note that the ‘HalfTTI’ scheme can be now be viewed as a variant of the ‘HalfTTIrepeat’ scheme, wherein the BLER target is so aggressive that there is no need to transmit the second 10ms repetition, and also we decode at slots 3 through 15 instead of once every 3 slots as in TightBler and HalfTTIrepeat schemes (the shorter transmit duration allows more frequent decodes without much change to the total number of decode opportunities).
Table 1: Summary of the schemes of [1] and changes made to them in this contribution
	Scheme
	TTI (same in [1] and current contribution)
	BLER Target in [1]
	Rate-matching
	Changes in current contribution relative to [1]

	TightBler
	20ms
	1% and 0.1% at 20ms. (1%  = Solution 3 of [2])
	Pseudo-flexible
	Additional BLER targets: 5%, 10% and 15% at 10ms

	HalfTTIrepeat
	10ms with 2 repeats
	10% at 10ms
	Pseudo-flexible
	Additional BLER targets: 15% at 10ms, and 1% at 20ms

	HalfTTI
	10ms (no repetition)
	1% at 10ms
	R99 RM in [1], pseudo-flexible in this document
	Changed RM from R99 to pseudo-flexible


Apart from changes indicated in Table 1, all other simulation assumptions are as in [1]. We create scatter-plots of the achieved link TxEcIor gain over R99 from each scheme against the average decoding time, for the case of AMR 12.2Kbps vocoder packets in single link (non-SHO) scenario. As in [1,2], the results for 50% voice-activity factor are obtained by averaging the corresponding results for fixed packet type simulations, weighted by the frequency of packet occurrence. The results are shown in Figures 1-4 for geometry of 3dB and Figures 5-8 for geometry of 12dB. For simplicity of plotting, the schemes are referred to as ‘20x1’ and ‘10x2’ in the plot legends instead of ‘TightBler’ and ‘HalfTTIrepeat’ respectively. The HalfTTI scheme is indicated by ‘10x2 1% @10’, where the understanding is that if BLER target is 1% after 10ms there is no need to send the second repetition. The ‘20x1’ plots are in red color, while ‘10x2’ plots are in green, with different plot markers referring to different BLER targets. (Note that a small number of markers are missing from a few of the sub-plots, corresponding to simulations that have not yet completed, but are not essential to enable drawing the conclusions that follow).
Comparison of the plots shows that both the red and the green points trace a very similar trade-off between link gain and decoding time. This suggests that there is no substantial advantage provided by shortening the DTCH TTI from 20ms to 10ms. The 10ms TTI used without repetition achieves significant reduction in decoding time at the expense of significant reduction in link performance gain over R99, and does not allow a continuous tradeoff between decoding time and link gain. To achieve such a continuous tradeoff, the 10ms TTI must be used with repetition, allowing BLER targets whose stringencies lie in between those of 1% after 10ms and 1% after 20ms. However, in that case, a very similar trade-off could instead be achieved using a 20ms TTI as well. Current R99 uses 20ms TTI for voice on DTCH, and preserving this TTI avoids the need for new logic at the NodeB for packet repetition and at the UE for combining of the two repetitions. This leads to the following proposal:
Proposal 1: Agree that voice packets shall use 20ms TTI on downlink for DCH Enhancements.
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Figure 1: Geometry=3dB, 50% VAF
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Figure 2: Geometry=3dB, Full packet
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Figure 3: Geometry=3dB, SID packet
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Figure 4: Geometry=3dB, Null packet
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Figure 5: Geometry=12dB, 50% VAF
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Figure 6: Geometry=12dB, Full packet
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Figure 7: Geometry=12dB, SID packet
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Figure 8: Geometry=12dB, Null packet
Current R99 does not support FET, and thus only supports configuring the UE with a BLER target to be met at the end of the TTI. On the other hand, 3 of the 4 red colored plot-points in each of Figures 1-8 assume a BLER target at an intermediate decoding attempt (specifically, at 10ms), and will thus require a new signaling parameter to support such a configuration. The signaling overhead is negligible since this configuration does not need to change frequently, however the question may still arise as to whether it is necessary. Specifically, can a similar effect be achieved by instead targeting a much lower BLER at the end of the 20ms TTI using already supported signaling? To answer this, we record the BLER achieved at the end of 20ms from the 20ms TTI (‘TightBler’) schemes, which gives an estimate of the roughly equivalent lower BLER to be targeted at the end of 20ms. This is shown in Figures 9-10 for geometry of 3dB and Figures 11-12 for geometry of 12dB, where it is evident that this BLER can be as low as 0.01% or less. Reliable estimation and control of 0.1% BLER requires an observation window of 10,000 packets or 200 seconds to obtain just 10 error events, and lower BLER requires even larger windows. Since in practice there could be considerable variations in the propagation conditions during such large time windows, the stability and convergence of outer-loop power-control would be very questionable in such situations. Hence, it is necessary to introduce a new parameter to signal the point of time at which the BLER is targeted, so that more aggressive BLER targets can be achieved without impact to outer-loop stability. The time at which the BLER is targeted could be specified, for example, by specifying the corresponding slot at which the UE would then send Ack on the uplink for DL FET. This would allow the NodeB to test whether the BLER target is being met by measuring the Ack/Nack rate. It would also leave some freedom for the UE implementation by avoiding specification of the exact number of received DPDCH-symbols based on which the UE should attempt the early decoding.
Proposal 2: Agree that the UE can be configured to meet a specified BLER target at a specified decoding attempt which is not necessarily at the end of the TTI.
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Figure 9: Geometry=3dB, 50% VAF
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Figure 10: Geometry=3dB, Full packet
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Figure 11: Geometry=12dB, 50% VAF
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Figure 12: Geometry=12dB, Full packet
Finally, note that on the uplink we propose using 10ms TTI with two repetitions instead of 20ms TTI for DTCH. The reason this is preferable on the uplink but not on the downlink is the fact that the UL spreading factor can be reduced to accommodate the encoder output bits in a smaller TTI without causing excessive puncturing. In fact, such SF reduction is automatically built into the current R99 UL RM algorithm. Thus, early-decoding benefits from the advantage of an earlier look at all the bits. On the downlink, OVSF code resource usage must be conserved to avoid impacting HSDPA capacity, hence the spreading factor must be maintained to avoid the need for TDM of multiple UEs. Thus, on the downlink, this same benefit to early-decoding that is experienced in the uplink now comes at the cost of poorer encoder performance, since the code rate must be increased from rate 1/3 to rate ½ to prevent excessive puncturing.
3
Conclusions

We have demonstrated the tradeoff achievable on the downlink between link gain and decoding time reduction when using 20ms TTI and when using 10ms TTI with two repetitions with various BLER targets. Based on this, we arrive at the following proposals:
Proposal 1: Voice packets shall use 20ms TTI on downlink for DCH Enhancements.

Proposal 2: The UE can be configured to meet a specified BLER target at a specified decoding attempt.
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