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1	Introduction
[bookmark: OLE_LINK222]RAN1 has agreed to specify DCH Enhancements using an uplink design that does not include UL FET, here-after refered to as the UL FET-less mode. The decision as to whether to also allow another mode of operation supporting UL FET has not been made. This contribution shows the additional UE transceiver gating opportunities possible and hence further UE current savings from inclusion of UL FET, and based on this, proposes to specify a UL FET mode. Design details for the UL FET mode are presented.
2	Ack transmission on DL: Design and performance
2.1	Number of Ack opportunities, modulation and code-channel for Ack
To minimize complexity of multiple decodes at the NodeB as well as overhead power for Ack transmitted on DL, the Ack/Nack transmission is only allowed at 2 configurable slot locations prior to the end of the 20ms TTI. With this choice, the probabilities for Ack and for Nack are unlikely to be very disparate, thus BPSK modulation is a natural choice, as opposed to on-off keying. We also exclude from consideration the E-HICH-like Ack/Nack sent on a separate OVSF code, so as to avoid NodeB complexities of additional OVSF code allocation and associated capacity loss. This is also in line with the approach already adopted for Ack transmission on the uplink, wherein the Ack is carried on UL DPCCH instead of on a new UL code channel.
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Figure 1: Options for multiplexing TPC and Ack for UL FET on DL.

2.1	Discussion on DL ACK performance in non-SHO scenarios
Several options for sending the Ack/Nack on the same OVSF code as the DL DPCH were discussed in [2] and are highlighted in Figure 1. The option of Figure 1(b) wherein a BPSK Ack/Nack replaces the TPC on two configurable slots in each 20ms TTI was studied in [2] for the case when UE is not in soft-handover. It was shown that a per-Ack false-Ack target of 0.1% could be achieved with worst-case per-Ack missed-Ack probability of 24.8% with 0.1dB DL link-efficiency loss using a 6dB Ack/DPDCH power-offset. The main results of [2] are duplicated in Tables 2 and 3 below for completeness.












Table 1: Performance of Ack sent on DL in non-SHO case
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Table 2: DL link loss due to power for Ack channel on DL, in non-SHO case. Assumes 3 Ack transmissions for each UL FULL & SID packet.
	 
	DL link gain from DCH Enh., no Ack on DL
	Loss in DL gain at 6dB Ack/DPCCH power ratio
	Loss in DL gain at 9dB Ack/DPCCH power ratio

	Geom dB
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120

	3
	2.67
	2.65
	2.69
	2.66
	0.12
	0.12
	0.11
	0.11
	0.22
	0.22
	0.22
	0.22

	6
	2.50
	2.63
	2.67
	2.64
	0.11
	0.11
	0.11
	0.11
	0.22
	0.22
	0.21
	0.22

	9
	2.51
	2.61
	2.67
	2.66
	0.1
	0.11
	0.11
	0.11
	0.21
	0.22
	0.21
	0.21

	12
	2.58
	2.61
	2.69
	2.66
	0.11
	0.11
	0.12
	0.11
	0.22
	0.23
	0.22
	0.21




2.2	Discussion of ACK performance in SHO scenarios
For the SHO case, it has already been observed at previous RAN1 meetings that the Ack power required is much higher. Tables 4 and 5 shows the performance of the Ack channel option shown in Figure 1(h). We see that Ack/DPDCH power offset of 3dB achieves a worst-case missed-Ack rate of 12.5% when the worst-case false-Ack rate is 0.075%. A power offset of 3dB is not unreasonably large. 
The propose ddesing of DL ACK requires that the Ack uses all the bits normally occupied by DPDCH in the ACK slots. See Figure 1(h). This is because all the other designs in Figure 1 are not good candidates for the SHO case, since they are more complex and will require higher Ack power-offsets as they use fewer bits in the slot, as discussed earlier. We could consider increasing the Ack width even further relative to Figure 1(h) – eg, also occupying the TPC field and/or part of one more slot. However, including the TPC field has negligible impact on Ack power offset and complicates the UE TPC processing (a TPC erasure has to be declared in that slot). An even wider Ack field occupying more than 1 slot also imposes further complexity as well as increases the Ack delay. Note that unlike the case of E-HICH, wherein a 3-slot Ack/Nack transmission is acceptable due to an available gap between successive HARQ retransmissions, the case of FET Acks for DCH entails increased loss of FET gain as Ack delay increases. Thus, the option in Figure 1(h) is the preferred option for SHO.
Table 5 shows that there is a DL link efficiency loss of around 0.4dB if one Ack is transmitted for each UL Full and SID packet (i.e., Ack is sent at the first Ack/Nack opportunity, in which case DTX can be used at the next opportunity for the same 20ms packet). The link-efficiency loss increases to around 0.7dB if a Nack is sent at the first Ack/Nack opportunity (which forces an Ack/Nack transmission rather than DTX at the next opportunity). Note that a link-efficient UL operating point such as a UL BLER target of 15% after 10ms (as used in UL solution 1 of 3GPP TR25.702) would result in a significant probability that Ack (as opposed to Nack) is transmitted at the first Ack/Nack opportunity. The net link-efficiency loss is then closer to around 0.4dB. There is still a substantial net DL link-efficiency gain coming from the other DL DCH enhancements (pilot-free slot-format, DL FET and pseudo-flexible rate-matching) inspite of this loss. Thus these losses can be an acceptable tradeoff for the resulting improvement in UE current consumption. 
Table 3: Performance of Ack sent on DL in 2-way SHO case
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Table 4: Worst case missed-Ack rate across all channels, geometries and DL packet types in Table 3, when worst-case false-Ack rate is 0.075%.
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Table 5: DL link loss due to power for Ack channel on DL, in 2-way SHO case. Assumes 50%VAF, BPSK Ack/Nack with 3dB Ack/DPDCH power offset, and 2 Ack/Nack opportunities for each UL Full & SID packet.
	 
	link gain from DL DCH Enh., no Ack on DL
	gain reduction if always Ack at 1st opportunity
	gain reduction if always Nack at 1st opportunity

	Geom dB
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120

	-3
	2.38
	2.36
	2.38
	2.36
	0.51
	0.36
	0.39
	0.39
	0.80
	0.64
	0.67
	0.67

	3
	2.32
	2.32
	2.32
	2.32
	0.40
	0.34
	0.40
	0.38
	0.69
	0.64
	0.68
	0.66



With the design in Figure 1(h), the question could be raised as to whether the procedures of TS25.212, especially rate-matching, need to be modified to account for the puncturing of DPDCH by Ack. For simplicity, we propose that no change is required – the existing procedures are followed, and the resulting bits mapped to DPDCH are simply punctured and replaced by Ack in the two slots of each 20ms TTI that are reserved for Ack. This is in line with the existing DL rate-matching procedure in presence of compressed mode: The same rate-matching patterns are used in TTIs containing no compressed radio frames and in TTIs containing radio frames compressed by spreading factor reduction or higher layer scheduling, and no special rate-matching change is used to account for the compression gaps. The Ack performance results presented here adopt this assumption.
2.3	Unified design for SHO and non-SHO
As seen in Section 4.2.2, the non-SHO case makes it preferable to have a pilot-free slot-format with a 256 chip TPC/Ack field in the slots carrying Ack. This implies either complexity in terms of different slot-formats in different slots; or some reduction of the DL link-efficiency gains due to use of 256 chip TPC and consequent DL DPDCH code-rate increase. Further, as seen in Section 4.2.3, the SHO case requires yet another type of Ack transmission that punctures the entire DPDCH in one slot. In order to simplify the design and avoid having to use several different slot formats, we could use the design for the SHO case even when not in SHO. This sacrifices some of the DL link-efficiency gains for the non-SHO case in return for a greatly simplified design. The resulting link-efficiencies are shown in Tables 7 and 8. We see that an Ack/DPCCH power offset of -5dB ensures a worst-case per-Ack missed-Ack rate of 11.5% for worst-case per-Ack false-Ack rate of 0.1%. The DL link-efficiency loss due to the Ack channel is also shown in Table 8. Since the Ack power offset is fairly low, most of this loss is due to the puncturing of the DPDCH by the Ack.
Table 6: Performance of Ack sent on DL when not in SHO
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Table 7: Worst case missed-Ack rate across all channels, geometries and DL packet types in Table 6, when worst-case false-Ack rate is 0.1%.
	Ack/DPDCH offset dB
	-10
	-9
	-8
	-7
	-6
	-5
	-4

	worst case missed-Ack rate
	0.7827
	0.6405
	0.6134
	0.3155
	0.2034
	0.1155
	0.07284



Table 8: DL link loss due to power for Ack channel on DL, in non-SHO case. Assumes 50%VAF, BPSK Ack/Nack with -5dB Ack/DPDCH power offset, and 2 Ack/Nack opportunities for each UL Full & SID packet.
	 
	link gain from DL DCH Enh., no Ack on DL
	gain reduction if always Nack at 1st opportunity

	Geom dB
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120

	3
	2.43
	2.39
	2.44
	2.41
	0.48
	0.16
	0.12
	0.18

	12
	2.33
	2.36
	2.43
	2.42
	0.20
	0.12
	0.17
	0.17



2.4	Summary of Ack performance results
Table 9 summarizes the Ack performance results, and establishes the viability of the proposed Ack channel design.

Table 9: Summary of Ack channel performance results
	Parameter
	Non-SHO
	2-way SHO

	Ack/DPDCH power offset dB
	-5
	3

	worst-case per-Ack missed-Ack rate
	10%
	10%

	worst-case per-Ack false-Ack rate
	0.10%
	0.075%

	DL link-efficiency loss vs UL FET-less
	0.4dB
	0.2dB



2.5	Association of Ack on DL with UL packets, and DTX of Ack for UL Null
For the Ack sent on UL for DL FET, an agreement was made in RAN1#76bis on the mapping between the Ack and the packets being acknowledged, as follows:
“Interpretation of Ack/Nack: UE signals Ack on UL when all transport blocks transmitted being transmitted on DL DPCH are decoded successfully with CRC-pass.
· The Ack sent on UL indicates successful decoding of all such transport blocks with a TTI during which UL Ack transmission was started.  I.e. in case of simultaneous DCCH and DTCH transmission, UL Ack is only sent when both DCCH and DTCH TBs decode correctly”
The same mapping could be used with the UL and DL interchanged, for the case of Ack sent on DL. Note that in this context, the UL TTI for voice packets is still 20ms, even though the phy-layer procedures assume a 10ms TTI and then repeat the packet.
When UL carries Null packets without CRC and without DCCH, the UL DPDCH is completely DTXed, and thus there is no need to send Ack on the DL – the UE can implicitly deem the packet as having been Acked as soon as the TFCI has been transmitted on the UL. In principle, the NodeB could then use the Ack slot to transmit DL DPDCH which was otherwise punctured by the Ack. However, this complicates the design by introducing a coupling between the UL TFC and the DL DPDCH waveform. Hence for simplicity, the Ack on the DL can be replaced by DTX in such cases. Such a DTX can also be used during the second 20ms of a 40ms DCCH TTI if the UL carries a Null packet together with DCCH during that 20ms period and the DCCH packet has already been acknowledged by Ack in the initial 20ms period. In addition, if a NodeB desires not to perform early decoding for certain UL TFCs (eg, TFCs including UL DCCH), then a list of such TFCs could be signaled to the UE, and DTX could be used in the Ack/Nack field on the downlink when the UL TFCI decodes to one of those TFCs.

2.6	Signaling requirements for Ack sent on DL.
The Ack/DPDCH power offset should be signaled to the UE, to allow setting the Ack/Nack detection threshold.
The two slots in each 20ms TTI in which Ack is expected on DL should be signaled to UE. The earliest allowable slot for Ack/Nack transmission should allow enough time for NodeB to receive and decode TFCI as well as perform one early-decoding attempt. With the proposed Ack channel design, this would be slot 11 (where the slots in a 20ms TTI are numbered 0,1,2,…29). Similarly, there is no benefit in sending Ack in the last slot of a DL 20ms TTI. Thus, the two slot indices should be within the range of 11-28, where slots within each 20ms TTI are indexed 0,1,2,….29.

[bookmark: OLE_LINK79]3	Conclusions
A design for DL ACK channel for UL FET was discussed, which is captured in the following set of proposals:
Proposal 1: Ack/Nack is indicated on the DL on two slots in every 20ms TTI. The slot indices are configurable with range 11-28 (where slots in the 20ms TTI are indexed 0,1,2,… 29). The Ack/Nack is signaled with BPSK and punctures all the DPDCH bits in these slots. The Ack/DPDCH power offset is signaled to the UE, and is different for nonSHO and for SHO. The allowed range is -9dB to 6dB.
Proposal 2: UE does not monitor Ack/Nack on DL for UL TFC in which no transport blocks are delivered, or if an Ack has already been received for all the transport blocks being delivered. Thus NodeB may use DTX instead of Ack/Nack in such DL slots.
Proposal 3: The Ack sent on DL indicates successful decoding with CRC pass for all transport blocks having a non-zero CRC with a TTI during which Ack on DL was transmitted.  I.e. in case of simultaneous DCCH and DTCH transmission, Ack on DL is only sent when both UL DCCH and DTCH transport blocks decode correctly.
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