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1 Introduction

Semi-blind channel estimation techniques are known to be feasible and attractive to assist common pilot based channel estimation, in particular for high speed users. 

The purpose of this document is to show that, within the framework of proposals made so far, resource block mapping can have an impact on the effective complexity of such techniques. 

2 Discussion

2.1 Summary of Existing Resource Mapping Proposals 

The schemes for Distributed Resource Mapping proposed so far can be summarized into two main categories (see for example [1]): fully scattered and grouped approaches.

Within the latter category, several user-data multiplexing techniques have also been proposed: TDM, FDM (with/without frequency-hopping) and CDM based.

2.2 Impacts on advanced channel estimation techniques

Without considering the system and users’ performance associated with each of the proposed allocation schemes, we consider in this document the impact on complexity that such mapping approaches have on advanced semi-blind data-aided channel estimation techniques .

Semi-blind data-aided channel estimation techniques may offer desirable advantages, in particular for high-speed users for whom distributed resource allocation is likely to be especially useful.

We therefore believe that the impact on the complexity of such channel estimation techniques should be considered when choosing the strategy for distributed resource mapping, in order to leave room for interesting and feasible improvements in receiver decoding techniques.

The operation of the channel estimation is considered for the case of a high-speed user (350km/h) with distributed transmission, and a delay spread of around 4μs.

As the baseline reference for the channel estimation complexity we use an entirely common-pilot based channel estimation, using both first and second reference symbols. With this reference, we compare data-aided channel estimation that does not use the second reference symbols, but instead uses as many data symbols as are necessary in order to give similar channel estimation performance to the reference case, under the assumption of equal pilot and data symbol power. We use LS time-filtering and linear interpolation in the frequency domain. 

2.2.1 Fully scattered case

Fully scattered mapping allocates resources to the distributed users by puncturing localised users’ resources.

As a consequence, distributed users’ data cover uniformly the entire time/frequency matrix.

In case a classical semi-blind channel estimation technique is used, potentially there is a need to detect data not belonging to the distributed user, as the density of the own-user’s data is low. This can result in a complexity increase of channel estimation up to 60%. 

2.2.2 TDM Grouped approach case

In the TDM grouped allocation case, each distributed sub-carrier contains data belonging to all the distributed users multiplexed in time. The density of the own-user’s data is higher than in the fully scattered approach, so the amount of other users’ data that has to be used for the semi-blind channel estimation technique is smaller. However, as the channel coherence within one resource block is typically stronger in the time domain than in the frequency domain, especially in conditions of high delay-spread, it may still be necessary to demodulate some other-users’ data in order to obtain similar channel estimation performance as the reference case. 

Therefore there is still a channel estimation complexity increase, but smaller than for fully scattered mapping. 

2.2.3 FDM Grouped approach case

The FDM mapping allocates data belonging to one distributed user on the same sub-carrier (i.e. multiplexes distributed users on different sub carriers).

In this case, the channel estimation complexity increase is in the order of 20%, as the semi-blind channel estimation can basically be carried out without demodulating any data from other users. The cases with and without frequency-hopping within a resource block are expected to be similar in complexity; in both cases, the density of own-user data within a resource block is higher than the fully-scattered approach. 

2.2.4 CDM Grouped approach case

The CDM approach would multiplex users by code domain transformation on all available distributed resources.

From a semi-blind channel estimation point of view, this mapping is expected to be the most demanding in terms of complexity; we estimate a complexity increase of 80% compared to the common pilot based channel estimation.

3 Conclusions and recommendations

We have considered the impacts of different possible methods of resource block mapping for distributed users on feasible advanced channel estimation techniques. 

In general, the complexity of advanced semi-blind data-aided channel estimation reduces as the density of own-user data within one resource block increases. We estimate that the FDM grouped approach gives the lowest complexity for such channel estimation techniques. In view of the fact that for distributed users it is not possible to select specific sub-carriers according to channel quality, the grouped FDM approach with frequency-hopping within a resource block is therefore preferred.
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