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General

The goal of the feasibility study for enhanced uplink [1] is, besides improving the uplink performance on dedicated transport channels in general, to increase the coverage and throughput, to reduce the delay of dedicated channels and in doing so to keep the additional UE and network complexity low. One of the key components of the enhanced uplink is the HARQ mechanism. HARQ influences strongly the overall achievable performance improvements. It affects the quality of E-DCH transmissions by allowing rapid physical layer retransmissions, it reduces the number of RLC retransmissions and the associated delays. Therefore further investigations of HARQ for E-DCH are an important aspect, similarly as has been done during the evaluation for HSDPA. However, due to the differences between HSDPA and E-DCH the results from HSDPA can not simply be transferred to E-DCH.

Not above-mentioned, another means of improvement is the soft combining in the receiver. In Rel. 5 for HSDPA Chase combining as well as the more advanced incremental redundancy scheme are applicable. The focus of this paper is to discuss the feasibility of incremental redundancy schemes for E-DCH. We show, that it is possible from the signalling perspective to overcome the problems of unreliable control information for the new data indicator and the redundancy version in SHO. In our opinion, the use of incremental redundancy schemes besides Chase combining seems to be possible also in SHO and we propose to further study the performance and complexity. This is also necessary since for HSDPA the potential of incremental redundancy versus Chase combining was agreed to be of importance.

Major differences between HSDPA and E-DCH

Due to the differences between HSDPA and E-DCH, the results from the work done during the evaluation of the HARQ combining schemes for HSDPA can not be simply transferred to E-DCH. One important difference between HSDPA and E-DCH is, that for HSDPA we have a channel shared by multiple UEs, whereas for E-DCH we use dedicated channels. The UL does not suffer from code shortage and it is expected that the code rates in general are lower compared to HSDPA.

Further differences are, that for E-DCH the power control takes care of providing a certain level of link quality. One focus of E-DCH - besides others - is to reduce the delay of the UL transmission. Consequently the retransmission probability for E-DCH is in general assumed to be lower than for HSDPA. However it should always be kept in mind that the HARQ efficiency is increased when the number of transmissions is increased. For a single user then, to maintain the user specific throughput, the peak data rate would have to be increased.

Last but not least in contrary to HSDPA, E-DCH supports soft handover. This brings additional benefits from macro selection diversity gain.

Signalling Aspects

The associated signalling for the HARQ operation is currently under discussion and consists of up- and downlink signalling. The structure differs between the proposals and depends e.g. on the proposed methods for scheduling, HARQ or multiplexing. However some basic assumptions can be made. HARQ DL signalling consists mainly of the ACK/NACK information and the rate or time scheduling information. For UL there is the HARQ process number, the new data indicator and the TFRI. Additionally, if supporting incremental redundancy, the redundancy version is signalled. Table 1 shows exemplarily an estimation of the UL signalling amount needed for E-DCH.

	TFRI
	9 bit

	HARQ Process Information
	3 bit

	Redundancy Information
	3 bit

	New Data Indicator
	1 bit


Table 1: Uplink signalling amount for E-DCH

In this estimation a total of 16 bits are assumed for uplink signalling. To support not only Chase combining but also incremental redundancy schemes we have 3 bits. For the transport format and resource information 9 bits are used and 1 bit for the new data indicator. The HARQ process information needs 3 bits. To ensure a proper HARQ operation, however in case of SHO the circumstances have to be reconsidered.

HARQ during SHO

In contrast to HSDPA, where a HSDPA transmission to a single UE is transmitted from a single Node B, for E-DCH the transmission of a single UE can be received by multiple Node Bs. Thereby is the problem, that often not all Node Bs in the active set are able to receive the associated control signalling from the UE correctly. This comes due to the link imbalance and the fact, that the signalling does not gain from SHO. The consequences are manifold e.g. erroneous combining of packets due to a miss of transmissions.
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Figure 1: HARQ during SHO

To overcome such problems the signalling has to be defined carefully. Thus for example to reduce the possibility of the erroneous combining of new packets with previously stored packets due to a miss of transmissions, there are different possible solutions. One could be to increase the power of the associated signalling. Also the number of bits for the new data indicator could be increased. The indicator function is then extended and acts as a counter (modulo arithmetic). In case an initial transmission is sent the counter is incremented. In [2] there is also a network based solution described. It is proposed to synchronize the soft buffers between Node Bs within the active set over the network via additional Iub/Iur signalling.

In order to avoid signalling problems the redundancy version parameters should be calculated implicitly. This can be done e.g. by deriving the parameters from the connection frame number. Then the bits for the redundancy information (Table 1) can be used during soft handover for the extended new data indicator.

Comparison

For the Chase combining scheme the receiver always combines the full retransmission and the failed transmission. The amount of data in the receiver buffer and the code rate after receiving the retransmission remains the same. The signalling of a specific redundancy version is not needed.

For incremental redundancy the buffer in the receiver increases with consecutive retransmissions. The buffer has to be dimensioned considering the maximum number of coded bits. The effective code rate after receiving the retransmissions is lower then the code rate of the initial transmission. So compared to Chase's scheme additional coding gain is introduced.

Realisation

Similarly as done for Rel. 5 HS-DSCH, to support incremental redundancy for E-DCH a two stage rate matching approach can be utilized in order to adapt the amount of data to the receiver buffer and the physical channel. The generation of the different redundancy versions is incorporated in the rate matching process. 

For Rel. 5 the redundancy version is determined by explicit signalling of the parameters s and r. The parameter s determines whether the transmission should emphasize the systematic or non systematic bits. The parameter r changes the initial error variable of the rate matching algorithm. These parameters fit also very well for E-DCH. However always setting s=1 emphasizes the systematic bits and ensures, that the physical layer packets are self decodable which will make the operation more robust, in particular during SHO. Regarding r, for E-DCH it is preferable to do the signalling implicitly during SHO in order not to sacrifice the additional decoding again due to signalling errors.

Conclusions

In this contribution we have discussed the feasibility of incremental redundancy schemes for E-DCH also in case of SHO. A major problem thereby is the link imbalance and that the associated signalling does not gain from SHO.

Hence we propose in case of SHO to calculate the redundancy version implicitly without signalling e.g. from the connection frame number. To reduce the problem of buffer corruption due to missed packets in SHO, the bits which are not needed for the redundancy version should instead be used to extend the new data indicator during SHO.

The rate matching pattern generation and the parameters for the generation of the incremental redundancy version can be adopted from Rel. 5 HSDPA.
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