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1
Introduction
This contribution compares the efficiency of two ACK channel structures proposed for the E-DCH, one presented in [1] (R1-040837) and the other discussed in [2] and [3].

In R1-040837 a hybrid CDM/TDM channel structure supporting 120 users within a single code channel was proposed. The ACK channel uses a length-128 OVSF and each UEs is allocated to 3 TDM slots indexed by TDM_IDX (0,1,2). Within the TDM_IDX slot, length-40 Hadamard codes are used as CDM codes for QPSK signalling. The Hadamard codes are indexed with CDM_IDX with the first 20 bits assigned to the I branch and the 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). In this manner a total of 120 users can be supported. For the 2 ms TTI only 1st TDM structure is used.

On the other hand, the ACK structure proposed in  [2] and [3] provides support of a maximum of 40 UEs each identified by a CDMA code.

In this contribution we will discus the advantages and disadvantages of those two proposals.

2
Discussion
The adoption of HARQ requires Node B to transmit acknowledgement on the DL ACK channel. Contributions [2] and [3] analyzed the performance and power requirements of the DL acknowledgement channel operating in CDM and TDM modes. It was observed that while both methods provide similar performance, the CDM mode provides some power benefits. Still finding presented in [2] and [3] indicates high power requirements in the soft handover cases. During further discussions within RAN1 an agreement was made to share the ACK channel code with the E-DCH Grant channel.

Considering all the above we can conclude the following:

a) ACK structure presented in [2] can support a maximum of 20 UEs within the entire soft handoff area. Since code reassignment requires upper layer signalling, significant degradation of overall system performance is expected, particularly in the SHO case when a UE must maintain codes from all Node Bs it communicates with.

b) Allocating multiple code channels can mitigate this limitation, however, at a significant power cost. In addition this approach will have negative impact on downlink PAR and code space.

c) In the SHO case, significant power is required to acknowledge all users. Furthermore, this power requirement increases with the increase in the SHO link imbalance. Considering this, deployment of multiple ACK channels seems unreasonable.

d) Some of those disadvantages can be mitigated by ACK code reassignment. This however requires upper layer signalling which by itself cause significant degradation of overall system performance, particularly in the SHO case when a UE must maintain codes from all Node Bs it communicates with.

e) A small pool of ACK codes available without code reassignment will limit the number of EUs operating in the autonomous mode, further degrading system throughput.

The above issue must be resolved in order to realize the system throughput potential enabled by E-DCH. A hybrid CDM/TDM DL ACK channel structure presented in [1] provides a solution that allows 120 EUs to operate without code reassignment (40 users for the 2 ms TTI). It should be noted that the larger pool of acknowledgeable UEs (achieved with the scheme in [1]) does not necessarily increase the peak power requirement since it is unlikely for a Node B to acknowledge a large number of UEs simultaneously in the same frame, particularly with a Node B controlled scheduling scheme.

3 
Conclusions

A scheme capable of acknowledging more UEs without ACK channel resource reassignment is needed to realize the system throughput potential enabled by E-DCH and allow autonomous transmission on the uplink. The hybrid CDM/TDM structure in [1] is recommended for consideration as a solution in Rel 6 UL enhancement.
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