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1 Introduction 
A new WI “DCH Enhancements for UMTS” was agreed in RAN#61 [1]. One objective of the WI is to specify the uplink ACK indication for the downlink Frame Early Termination (FET).
In this contribution we will review the proposed solutions for the uplink ACK indication. Some comparison of the proposals is made.

This contribution is an update of [4].
2 Overview of Design Options
There are three options proposed for the uplink ACK indication for downlink FET [2], as illustrated in Figure 1, Figure 2 and Figure 3 respectively.
Option 1:
As illustrated in Figure 1, a new UL control channel, FET-DPCCH, is proposed, which reuses the structure of HS-DPCCH channel. During the first two slots of DTCH TTI the TFCI information is transmitted. Subsequent slots after TFCI is sent are dedicated to transmission of the FET ACK signal.
Option 2:
As illustrated in Figure 2, the UL DPCCH is slightly modified. In the first 7 slots (as an example) within a 20ms TTI the TFCI information is transmitted. The FET ACK indication is transmitted in the remaining slots after TFCI is sent.
Option 3:
As illustrated in Figure 3, in case of 750Hz TPC rate, the spared TPC symbols are used to transmit the FET ACK indication (ETI). In this example, the ETI can be sent every two slots in UL DPCCH from slot 1 to slot 29.
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Figure 1:  DL FET ACK Indication Option 1 – New FET Control Channel (Figure 4.1.3.1-1 in 25.702 [2])
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Figure 2:  DL FET ACK Indication Option 2 – TDM of FET ACK and TFCI in DPCCH (Figure 4.1.3.2-1 in 25.702 [2])
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Figure 3:  DL FET ACK Indication Option 3 – FET ACK Using Spared TPC Symbols (Figure 4.1.3.3-1 in 25.702 [2])
3 Design Options Analysis
To enable downlink FET, UE attempts to decode the DL DPDCH before receiving the entire TTI. If decoded successfully (CRC passed) during any attempts, the UE will indicate an ACK to NodeB. The NodeB will then terminate the DPDCH transmission for the remaining TTI after receiving the ACK indication.
For the uplink DCH decoding, the TFCI information is important. To facilitate the uplink FET, the TFCI information should be decodable at the NodeB as early as possible [3] [5]. It is obvious that the design option 1 and option 2 are optimized for the early TFCI transmission.
Observation 1:
The design option 1 and option 2 are optimized for the early TFCI transmission.
To estimate the FET-ACK delay, some assumptions should be made. Firstly, before a FET-ACK could be sent, a minimum processing time for AMR decoding is required, which includes the time for DPDCH de-scrambling, de-spreading and DCH channel decoding. The minimum processing time should be estimated for 12.2 kbps AMR. In our analysis, the minimum processing time for AMR decoding is assumed to be 5*256 chips. That is to say, the time reserved for AMR decoding before a corresponding FET-ACK is issued should be no less than 5*256 chips. Secondly, before DPDCH could be DTX’ed, a minimum processing time for ACK detection is required. In our analysis, the minimum processing time for ACK detection is assumed to be 4*256 chips.
The FET-ACK delay is analyzed in Figure 4, Figure 5 and Figure 6 for the option 1, option 2 and option 3 respectively. For the option 1, the time reserved for AMR decoding and ACK detection is 14*256 chips and 4*256 chips respectively. The ACK indication will be sent in slot i+2 if the voice packet is decoded successfully for DPDCH from slot 0 to slot i. Starting from slot i+4 the NodeB will DTX the DPDCH transmission. That is, the ACK indication delay for the option 1 is 3 slots. 
For the option 2, the time reserved for AMR decoding and ACK detection is 9*256 chips and 6*256 chips respectively. The ACK indication delay for the option 2 is 2 slots. 
For the option 3, two cases are to be considered, depending on the FET-ACK field availability after successful AMR decoding due to the fact that the FET-ACK field is available every two slots. For the case 1, the time reserved for AMR decoding is 22*256 chips. For the case 2, the time reserved for AMR is 12*256 chips. For both cases, the time reserved for ACK detection is 4*256 chips. The ACK indication delay for the option 3 is 2.5 slots statistically (3 slots and 2 slots for case 1 and case 2 respectively with the same probability).
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Figure 4:  FET ACK Delay for Option 1
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Figure 5:  FET ACK Delay for Option 2
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(a) Case 1
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Figure 6:  FET ACK Delay for Option 3
Observation 2:
The design option 1, option 2 and option 3 have the FET ACK indication delay of 3 slots, 2 slots and 2.5 slots.
For the option 1 and option 2, there are 20 or less bits used to transmit the TFCI information. With reduced TFCI information bits (reduced from 10 bits to 7 bits or even 5 bits), the (20,5), (20,7) and (15,5) RM code could be considered for TFCI encoding [3]. The basis sequences defined for HSDPA CQI encoding could be reused.
Observation 3:
The design option 1 and option 2 requires new RM code for encoding TFCI information.
Obviously the FET-DPCCH in option 1 is a new physical channel design, while the option 2 and option 3 are based on the existing uplink DPCCH slot formats. However for the option 3, the TPC rate is halved. This will impact the downlink power control performance.

Observation 4:
The design option 1 requires new physical channel.

Observation 5:
The design option 3 changes the downlink TPC rate. The downlink power control performance needs further evaluation.

4 Conclusion 
Three different design options for the uplink ACK indication are analyzed. Table 1 summarizes the comparison results of the three different design options for FET ACK indication in uplink.

Table 1:  Comparison of Different Design Options
	
	Advantages
	Disadvantages

	Option 1 - New FET Control Channel
	· TFCI information is transmitted for early decoding.

· TPC rate keeps unchanged.

· 
	· New physical channel is introduced.

· New TFCI coding is required.
· 3 slots of FET ACK indication delay.

	Option 2 - TDM of FET ACK and TFCI in DPCCH
	· TFCI information is transmitted for early decoding.

· TPC rate keeps unchanged.

· Based on existing UL DPCCH slot format.

· 
	· New TFCI coding is required.
· 2 slots of FET ACK indication delay.

	Option 3 - FET ACK Using Spared TPC Symbols
	· Based on existing UL DPCCH slot format.
· TFCI coding keeps unchanged.
	· TFCI information is not optimized for early decoding.

· TPC rate is changed e.g. halved. The downlink power control performance requires further evaluation.

·  2.5 slots of FET ACK indication delay.


Both option 2 and option 3 are based on the optimization of existing UL DPCCH slot format. The option 2 will bring more gain than the option 3 in terms of muted DL DPDCH transmission. Moreover, the option 3 will impact the downlink inner loop power control by halving the TPC rate, which is fundamental in WCDMA system. The design option 3 is not favored. We propose that,
Proposal 1:
Further evaluate the design option 1 and option 2 as potential candidates for FET ACK indication design for DL FET.
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