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1. Introduction

This document provides a text proposal on “ACK/NACK detection threshold reduction” for the TR on HSDPA Enhancements. This is based on technology proposed for Release 5 in [1] and [2].

2. References.

[1] R1-02-1334, “Scheme for meeting HS-DPCCH performance requirements for Rel-5”, Philips

[2] R1-02-1422 CR25212-161r1, CR25214-295r2, Philips, Nokia

---- Start of text proposal ----

5 Overview of Technologies considered as Enhancement
5.7 ACK/NACK detection threshold reduction for HS-DPCCH

In Release 5, the UE always uses DTX in the ACK/NACK field of the HS-DPCCH except when an ACK or NACK is being transmitted in response to an HS-DSCH transmission. 

This means that if the UE fails to detect Part 1 of the HS-SCCH (typical probability ~0.01), the UE will use DTX in the corresponding ACK/NACK field. The Node B must avoid decoding this DTX as ACK if it is to avoid loss of the HS-DSCH TTI at the physical layer. If an HS-DSCH TTI is lost at the physical layer, the only means of recovering the TTI is by higher-layer retransmission, which may be too slow for the delay requirements and buffering capabilities. 

The transmission power for ACK messages must therefore be set high enough to reduce the probability of such misinterpretations to a sufficiently low level. 

It is therefore desirable to find means by which the Node B can set its ACK detection threshold closer to DTX without resulting in misinterpretations. 

Such means would generally give a variety of benefits, including some or all of the following:

· Improved ACK/NACK decoding reliability;

· Reduced uplink transmission power requirements;

· Reduced uplink interference;

· Reduced PAR for uplink transmissions;

· Enhanced cell range for HSDPA;

· Improved UE battery life.

6 Details of Technologies 
6.7 ACK/NACK detection threshold reduction for HS-DPCCH

6.7.1 Features

The technology for ACK/NACK Detection Threshold Reduction helps the Node B to distinguish between DTX and ACK on the HS-DPCCH without requiring a large ACK transmit power. 

6.7.1.1 Summary of technology

This technology uses 4 codewords in the ACK/NACK field, with the ACK and NACK codewords being identical to those used in Release 5.

ACK:








1 1 1 1 1 1 1 1 1 1

NACK:







0 0 0 0 0 0 0 0 0 0

PREAMBLE (”PRE”): 



0 0 1 0 0 1 0 0 1 0
POSTAMBLE (”POST”):


0 1 0 0 1 0 0 1 0 0

For the first HS-DSCH TTI in each packet-burst, the UE transmits a PRE codeword in an HS-DPCCH HARQ-ACK field when it detects the HS-SCCH control information, prior to transmitting the HARQ-ACK message. This gives the Node B a minimum of 2 TTIs in which to detect DTX, instead of only 1. 

After the UE has transmitted a HARQ-ACK message, the UE usually transmits a POST message in the following HARQ-ACK field, unless another HS-DSCH packet is detected in either of the next 2 valid corresponding subframes. 

The exact circumstances in which a UE transmits the PRE and POST codewords depend on the current value of the repetition parameter N_acknack_transmit and the UE capability InterTTI, and are described in more detail in the following section. 

6.7.1.2 Details of technology

a)  With single ACK/NACK transmission (i.e. no repetition, N_acknack_transmit = 1)

Figure 6 shows the behaviour for the case when N_acknack_transmit = 1. For clarity, the HS-DPCCH and HS-SCCH sub-frames corresponding to the HS-DSCH sub-frame “N” are both given the same sub-frame designation, “N”.
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Figure 6:  Scheme operation when N_acknack_transmit = 1

The two parts of this scheme are as follows:

· When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a preamble (PRE) in sub-frame N-1 on the HS-DPCCH (unless an ACK or NACK is to be transmitted in sub-frame N-1 as a result of a packet in an earlier sub-frame on the HS-DSCH); 

· After decoding the HS-DSCH packet and transmitting the hybrid ARQ ACK/NACK in sub-frame N on the HS-DPCCH, if the UE's InterTTI capability is 1 the UE transmits a postamble (POST) in sub-frame N+1 on the HS-DPCCH (unless a packet is detected in sub-frame N+1 on the HS-DSCH in which case ACK/NACK is sent, or HS-SCCH control information is detected in subframe N+2 in which case PRE is sent).  

(Note that if the UE's InterTTI capability is > 1, there is no need to transmit the POST in sub-frame N+1, because an HS-DSCH packet could not be received in sub-frame N+1 on the HS-DSCH.)

In sub-frames N+2 onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

The operation of the scheme is further illustrated in the State Diagram in Figure 7. The labels on the state-transition arrows show the signal which is sent when the given state transition occurs. 
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Figure 7:  State diagram of scheme for ACK detection threshold reduction

b)  With repetition of ACK/NACKs (i.e. when N_acknack_transmit > 1)

Figure 8 shows the behaviour when N_acknack_transmit > 1, for the specific example of N_acknack_transmit = 3. 
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Figure 8:  Scheme operation when N_acknack_transmit > 1 (3 in this example)

Two slight modifications are made compared from the behaviour when N_acknack_transmit = 1:

· When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a PRE in sub-frame N-2 as well as sub-frame N-1 on the HS-DPCCH (unless an ACK/NACK is transmitted in these sub-frames as a result of an earlier packet on the HS-DSCH); 

 (Note that the UE never transmits a PRE earlier than sub-frame N-2 in response to detecting control information on the HS-SCCH even if N_acknack_transmit = 3 or 4).

· After decoding the HS-DSCH packet the UE transmits the hybrid ARQ ACK/NACK in sub-frames N to N+N_ack_transmit-1 on the HS-DPCCH (as currently specified).
· If  the UE's InterTTI capability is ( N_acknack_transmit then the UE  does the following:
· transmit a HARQ Postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH subframe n + 2*N_acknack_transmit – 1, unless an ACK, NACK or PRE is to be transmitted in this subframe, and
· if N_acknack_transmit > 1, transmit a HARQ Postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH subframe n + 2*N_acknack_transmit – 2, unless an ACK, NACK or PRE is to be transmitted in this subframe. 

Note that no more than two POST’s may be transmitted following detection of control information on the HS-SCCH, DTX being used in when there is nothing to send in the intervening sub-frames, as shown in the example in Figure 3.

In sub-frames N+2*N_acknack_transmit onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

6.7.2 Evaluation and Benefits
FFS

6.7.3 Impacts on other WGs
The POST and PRE messages are physical-layer signals which have no impact on higher layers. 

Further analysis is FFS.

---- End of text proposal ----
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