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1. Introduction

Basic structures for the E-UTRA DL Reference Signals (RS) are given in [1].
One of the goals for which the Reference signals (RS) should be optimized for is the transmission latency. This document proposes an improved DL RS positioning, reducing the latency in a straightforward way without any drawbacks on the further E-UTRA quality parameters (bandwidth efficiency, channel estimation quality, throughput, …)
In a further section, compatibility issues w.r.t. L1 and L2 aspects are highlighted where they may be surmised according to the current state of the working assumptions.
2. Influence of the RS on Latency

For an OFDM receiver which is already in the state of being synchronized to the incoming signal, the first action on a sampled OFDM symbol is the removal of the cyclic prefix and FFT processing. Thereupon, when reference symbols (a.k.a. "pilots") are scheduled on some sub-carriers within the OFDM symbol, these reference symbols are extracted and may be used immediately for channel estimation and equalization for all other sub-carriers in the same OFDM symbol using some suitable method (e.g., linear interpolation in the frequency domain or FFT interpolation).
Thereupon, in order to obtain channel estimations also for those OFDM symbols which do not carry RS symbols, interpolation (e.g., linear interpolation) should be performed in the time domain, especially if the UE is moving at a non-negligible speed (see [2] for an indication of the degradation in transmission when part of the channel estimation is performed by extrapolation in the time domain rather than interpolation). As interpolation implies the presence of RS in the first and the last OFDM symbols of the interpolation region, the demodulation of the data symbols inside the OFDM symbols after the last but one OFDM symbol which carries RS symbols as well as the decoding has to wait until a further OFDM symbol which carries RS symbols has been received.
As shown in the upper part of Figure 1, for the current RS structure this implies that between the acquisition of a given TTIn at point of time T0 and the start of the final part of the demodulation at point of time T1, an idle period for the duration of one OFDM symbol occurs, equivalent to 71 μs (short CP) or 83 μs (long CP).
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Figure 1
3. Outline of the Proposal

The proposal for an alternative RS structure is depicted in the lower part of Figure 1. It differs from the current RS structure (in the upper part of the same Figure) by a uniform time shift by 1 OFDM symbol, whereby the RS density in the time domain is not changed. There is no difference in the frequency-domain structure and density.
The proposed alternative RS structure enables to eliminate completely the idle period between T0 and T1, i.e. as soon as a given TTIn has been acquired it can be processed completely without any unnecessary waiting time.

Thus, with the alternative RS structure, the latency is reduced without penalty in e.g. the RS density. This may be exploited either by accelerating the HARQ procedure (though this depends also on the UL/DL timing structure), utilizing the latency reduction for each HARQ trial, or by allowing a longer period for the receiver signal processing.
4. Compatibility Issues

4.1. Interference mitigation
As the proposal does not touch or modify any signal allocation in the frequency domain, the proposal is fully compatible with any interference mitigation method such as (inter-cell) interference coordination or interference cancellation.
4.2. Downlink control signalling
The proposal is fully compatible with either currently discussed option for T/F positioning of the DL control signalling, i.e. the TDM and the FDM structures. We will discuss both options: 

· TDM: The modified RS scheme also enables the concept of “micro-sleep” with TDM-SCCH, as the UE may interrupt receiving and processing (including channel estimation) of the sub-frame as soon as the SCCH in the first OFDM symbol indicates that the sub-frame does not contain DL data for the specific UE. The application of the TDM scheme may be questioned in regard of its probable incompatibility to interference coordination.
· FDM: The modified RS scheme fully supports this option.
4.3. MBMS

The proposal is based on the current baseline RS for the unicast RS. According to [1], the baseline RS for MBMS is a cell common RS, but details on the multi-cell MBMS RS structure are FFS. As a matter of fact, the same time-optimized reference structure as proposed in this document may be well adopted also for the MBMS signal.
In case a cell switches between unicast and MBMS traffic, there may be an issue that there is no traffic-specific RS available at the very beginning of the first sub-frame after traffic mode switching. This may be cushioned with one or more of the following measures:
· If, when in MBMS traffic mode, the cell continues to transmit a unicast RS (FFS), then there is no RS discontinuity when switching to unicast traffic;

· If, when in MBMS traffic mode, the cell discontinues to transmit a unicast RS, it may transmit an additional unicast RS in the last sub-frame of the MBMS signal (FFS). Also in this case, there is no RS discontinuity when switching to unicast traffic;

· If, when in unicast traffic mode, the cell discontinues to transmit an MBMS RS, it may transmit an additional MBMS-specific RS in the last sub-frame of the unicast signal (FFS). In this case, there is no RS discontinuity when switching to MBMS traffic;

· When in traffic mode, the UE uses the RS mainly for channel estimation. At traffic switching, it may be feasible to use the other traffic RS of the previous sub-frame (so no extra RS is needed at the switching point of time). The quality of the channel estimation using the MBMS multi-cell RS may be expected to be comparable to the quality of the channel estimation using the unicast RS with inter-cell interference (FFS).
4.4. Discontinuous DL transmission
It has been proposed, e.g. in [3], to interrupt the transmission of reference symbols during one or more sub-frames when there is no data traffic and/or no UEs in the specific cell, in order to avoid transmit power waste as well as unnecessary inter-cell interference in neighbour cells. In order to enable the instantaneous demodulation of control (e.g. BCH) and user data as soon as a sub-frame is transmitted after a period of interruption, it is advantageous to have reference symbols available at the beginning of the transmitted DL sub-frame. This is not in contradiction with the modified RS scheme as proposed in this document, as the requirement can be easily met by transmission of the RS in the last OFDM symbol of the previous sub-frame. In case the transmitted sub-frame only contains TDM control channels (e.g. BCH) in the first OFDM symbol, the RS in the last OFDM symbol in the same sub-frame can be suppressed, in order to optimize the reduction of inter-cell interference.
4.5. SCH in the last OFDM symbol in a sub-frame
In [1], one of the preferred options for the positioning of SCH is in the last OFDM symbol in each 20th DL sub-frame, providing an SCH signal every 10 ms. The SCH signal occupies 76 sub-carriers around the DC sub-carrier, thus spanning 1.25 MHz. For E-UTRA signals with higher bandwidths, the residual sub-carriers can be allocated to arbitrary data. Using the modified RS scheme, in the same OFDM symbol the sub-carriers outside the SCH band will also carry reference symbols for channel estimation aside of data symbols. For the sub-carriers inside the SCH band, the SCH symbols are available for channel estimation. Using this scheme, the modified RS scheme proves to be compatible to the SCH signal being located in the last OFDM symbol. Furthermore, this leads to an even further reduction of RS density without performance penalty, especially for lower bandwidths.
5. Summary and Conclusion
A new proposal for the arrangement of the downlink reference symbols in an LTE sub-frame has been presented, which allows improved channel estimation without latency penalty, especially when the mobile is moving with non-negligible speed. The compatibility of the proposal with other LTE aspects has been discussed extensively, showing that there are no aspects visible which inhibits the new scheme to be adopted.
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