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1 Introduction
In RAN1#73, we presented link [1] and system [2] analysis of a DL DCH enhancements design [3, Section 5.2] that uses 10ms TTI and TDM-pairing of 2 UEs on the same OVSF code. The short TTI allows significant UE DRX time, facilitating UE current savings. However, the lack of time-diversity due to the reduced TTI and the discontinuity in inner-loop power-control due to gating of the DL waveform in alternate 10ms periods limits the gains achievable in this design, especially for the PA3 channel in absence of soft handover at low geometries [1]. Also, as pointed out in [4], the TDM of two UEs on the same OVSF code requires some additional management of OVSF code assignments due to UE mobility, and some extra OVSF code usage will be incurred because all UEs cannot be perfectly paired all the time. In this contribution we present an alternative design using a 20ms TTI without TDM-sharing of OVSF codes across UEs. This design avoids both the above drawbacks, thus yielding more link gain at the expense of higher average decoding time (i.e., reduced DRX opportunity).
2 Design features
2.1 20ms TTI, pilot-free slot-format, 
The design uses 20ms TTI for voice frames, just as in current R99. Each UE has a separate OVSF code (i.e., there is no TDM sharing of OVSF codes). Thus, the only change required to the current R99 slot-formats is to eliminate the pilot bits. The spreading factor in the new design is the same as that in the current R99. The new slot formats are described in Table 1. 
Table 1: Enhanced DL DPCH slot formats

	Vocoder
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	AMR 5.9K
	25
	30
	15
	256
	20
	2
	16
	2
	0
	0
	15

	AMR 12.2K
	26
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15


2.2 Joint encoding and FET
As in the earlier design [3, Section 5.2], the class-A,B and C bits occuring in AMR full-rate frames are concatenated together and sent on a single transport channel; thus there are only two transport channels, one for DTCH (carrying voice frames) and one for DCCH (carrying SRB). The DTCH uses 16-bit CRC and rate 1/3 convolutional encoding. As in the earlier design, this facilitates early decoding by the UE and enables DL FET at the Node-B using a suitable Ack channel transmitted on UL for DL FET. The CRC is longer compared to current R99 (which uses 12 bit CRC) in order to mitigate the increased false-CRC pass rate inherent when attempting multiple early decodes. Also, in current R99 the class-B, C bits are not protected by CRC, and their BER would increase if the packet transmission was terminated early based on successful early decoding (i.e., CRC pass) of only the class-A bits. The joint encoding of class A, B and C bits facilitates DL FET by avoiding this issue. In contrast to the earlier design, however, the DCCH indicator bit [3, Section 5.2.4] is not required, due to a modification in the rate-matching scheme to be described next.
2.3 Pseudo-flexible RM: A new rate-matching scheme
Currently voice over R99 downlink uses fixed rate-matching (RM), as a result of which the bit positions reserved for DCCH cannot be re-used by DTCH even when DCCH does not carry a transport block. This simplifies the complexity of BTFD procedure at the UE, since the transport-channel de-multiplexing operation does not need to be repeated for each BTFD hypothesis. Flexible rate-matching as defined in current R99 does allow some re-use of DCCH bit positions for DTCH when DCCH does not carry a transport block, but currently requires transmission of TFCI to avoid the extra BTFD complexity due to the loss of the above-mentioned simplification possible in fixed RM. Here we propose a new rate-matching scheme which tries to extract the merits of both the fixed and flexible RM schemes as defined currently. In this proposal, the transmitter always works just as in the current fixed-RM scheme; however the RM attributes used are different depending on whether or not the transport channel used for DCCH carries a DCCH transport block. Specifically, the RM attributes signalled to the UE as in current R99 is used when DCCH transport block is transmitted, whereas when DCCH is not transmitted, the RM attribute of the DCCH transport channel is set to zero. This is illustrated in Figure 1.
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Figure 1: Comparing fixed RM (current R99) and pseudo-flexible RM (newly proposed)
This scheme allows re-use of DCCH bit positions by DTCH when DCCH does not carry a transport block. This makes more DPDCH bits available to the voice packets, thus allowing increased repetition which improves performance of FET. At the same time, there is only a modest increase in UE decoding complexity: The UE first decodes under the hypothesis that DCCH is absent, and if unsuccessful, repeats under the hypothesis that DCCH is present. If early decoding is attempted, the hypothesis that DCCH is present needs to be tested only at a subset of the early decoding attempts; eg, it could be tested only at the last attempt when the whole DTCH packet has been received. This is because under this hypothesis, both DTCH and DCCH must decode early for FET to be possible, and this is unlikely until most of the transmission has been completed. Since DCCH packet transmission is fairly rare (1-2%), the extra complexity of this scheme is small. Thus, BTFD is still possible and there is no need to signal the TFCI. Further, whether or not the DCCH has been transmitted is automatically detected by the UE based on which of the two hypotheses succeeded, and thus there is no need for in-band signalling of DCCH presence via a DCCH-indicator bit appended to the DTCH packet as in [3, Section 5.2.4]. The demodulation performance of DTCH can suffer during frames when DCCH carries a packet, due to the reduced number of available DPDCH bits to carry the DTCH packet. This is mitigated by boosting the power of DPDCH during such frames, as shown in Figure 1. Since DCCH packets occur rarely, the long-term average extra power required for this boost is negligible. Since the boost is not applied to DPCCH, it does not affect inner-loop power-control.
3 Conclusions

In this contribution, we have presented a new alternative to the schemes for DL DCH enhancements proposed earlier in [3], which allows for higher link and system gains at the expense of longer UE DRX time. The design uses 20ms TTI without TDM of multiple UEs on a single OVSF code, and uses a new rate-matching scheme that allows some re-use of DCCH bit positions for DTCH when DCCH is not transmitted, thus enhancing FET while still avoiding the need to transmit the DL TFCI.
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