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1
Introduction
Based on work done during the EUL SI phase in RAN1, one may conclude that HARQ provides significant gains in uplink capacity [2]. The adaptation of HARQ requires the Node B to transmit acknowledgement on DL ACK channel. Contributions [1], [2] and [6] analyzed the performance and power requirements of the DL acknowledgement channel operating in CDM and TDM modes. In [6] it was observed that while both methods provide similar performance the CDM mode provides some power benefits while [1] and [2] indicated power requirements for the Rel 6 DL ACK may be still unacceptable in the soft handover cases. 

From analysis presented in [1] and [2] we can conclude the following:

a) A maximum of 40 UEs (each identified by a CDM code) can be acknowledged without code reassignment. Since reassignment requires upper layer signalling, significant degradation of overall system performance is expected, particularly in SHO case when a UE must maintain codes from all Node B it communicates. Additionally, the small pool ACK coded which are available without reassignment limits the number of EUs operating in the autonomous mode further degrading system throughput.

b) In SHO case significant power is required to acknowledge all users while providing the desired ACK error rate. Furthermore, this power requirement increases with the increase in the SHO link imbalance. 

In this paper we propose an efficient DL ACK channel structure which will allow 120 EUs to operate without code reassignment. A method which significantly reduces DL ACK power requirements in the SHO case will be addressed in a separate paper.

2
Hybrid CDM/TDM DL ACK Channel Structure

Here we propose the DL ACK channel for a 10ms frame duration of UL E-DCH. This structure allows to increase the number of acknowledgeable UEs from 40 to 120 without code assignment while providing robust performance.

2.1
DL ACK Channel Structure

The 16-bit UE ID adopted for HSDPA allows support to 65536 users. Ideally, all 65536 UE should be supported in the uplink without the need for reassignment. However, only limited number of UEs can be acknowledged due to the limited ACK channel resources without reassignment. Here we present a hybrid CDM/TDM structure that will be able to acknowledge up to 120 UEs without ACK channel reassignment. This is possible since it is unlikely for a Node B to to acknowledge simultaneously in the same frame a large number of UEs, particularly with Node B controlled scheduling scheme. The system throughput could be limited by the number of UEs a Node B can acknowledge over an extended period without code reassignment, especially in autonomous mode. This could be worse in SHO case where each Node B in the active set has to maintain a code for UEs in SHO.
Within 10ms DL frames, there are 15 slots, each consisting of 2560 chips. To allow acknowledgement of 120 users without the need for reassignment we propose the following structure:

· As in [1], a length-128 OVSF channel is used as DL ACK channel

· The UEs are allocated to 3 TDM slots index by TDM_IDX (0,1,2)

· Within TDM_IDX slot, length-40 Hadamard codes are used as CDM codes for QPSK signalling. The Hadamard codes are indexed with CDM_IDX with first 20 bits assigned to the I branch and last 20 bits to the Q branch.

· To provide time-diversity, slots k (k=0,1,2) are repeated in slots k+3n (n=1,2,3,4)

· Total number UE supported = (15/5)x(2560/128)x2=120

2.2 Length-40 Hadamard Codes Construction

A 40x40 Hadamard Matrix can be constructed in two steps. Paley’s Construction can be used to generated the following 20x20 Hadamard matrix
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Then the length-40 Hadamard matrix can then be generated using the more familiar Sylvester’s construction method from H20 as follows
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ACK Channel Transmission Reduction Methods

There are several methods for reducing the transmission power requirement for reliable acknowledgement in HARQ (1% ACK->NACK error and 0.1% NACK->ACK error). Assuming the HARQ target PER is achieved after 4th retransmission one may take advantage of the fact that NACK occurs more frequently. Furthermore ON/OFF signalling instead of BPSK can be used to reduce the total transmission power when multiple UEs are acknowledged simultaneously. With ON/OFF scheme, the number of UEs assigned can be doubled using bi-orthogonal signalling. 

The SHO power requirements can be reduced by allowing the UEs to select active Node Bs for ACK/NACK based on received signal quality. In this case, the un-selected Nodes do not need to allocate any power for those UEs.

3 Conclusions

In this paper we presented a hybrid CDM/TDM structure for the DL ACK channel. The scheme allows more UEs to be acknowledged without ACK channel resource reassignment, thus allowing autonomous transmission on the uplink. It is recommended to adopt the proposed CDM/TDM methods for Rel 6 UL enhancement.
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