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1. Introduction

The agreed assumptions regarding the E-UTRA downlink reference-signal structure are illustrated in Figure 1. 

· First reference symbols are located in the first or second OFDM symbol of each downlink sub-frame

· Second reference symbols are located in a second OFDM symbol of downlink sub-frames
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Figure 1 E-UTRA reference-signal structure as agreed according to TR25.814

However, several open issues still remain regarding the E-UTRA downlink reference-signal structure:

· What are the exact time-domain positions of the first and second reference symbols within the sub-frame?

· What is the reference-symbol density in the frequency domain? Should the frequency-domain density be static or semi-static?

· Should frequency hopping be applied to the reference symbols?

· How should mutually orthogonal reference signals be provided?

In this paper, we address some of these issues.

2. Reference-symbol position in the time domain

As mentioned above, the agreed assumption is that the first reference symbols are located in the first or second OFDM symbol of downlink sub-frames. There is no substantial difference in terms of decoding of the L1/L2 control signaling between these two alternatives for first-reference-symbol position. However, from the point-of-view of channel-estimation performance, it could be preferred to have the first reference symbols located within the second OFDM symbol. 

Thus it is proposes that the first reference symbols are located within the second OFDM symbol of each downlink sub-frame. 

It is further proposed that the second reference symbols are located within the second last OFDM symbol of downlink sub-frames (the 6th and 5th OFDM symbol for short and long cyclic prefix respectively). 

Note that there is an additional reason why the second reference symbols should be located in the second last OFDM symbol of the sub-frame, rather than the last OFDM symbol. In the case of TDD-only duplex operation, the last OFDM symbol may be (partly) punctured to create a guard time between downlink and uplink transmission. It is preferred that such puncturing impacts the shared channel directly rather than the reference symbols. 

3. Reference-symbol density in the frequency domain

The frequency-domain density of reference symbols is intimately related to how accurately a highly frequency-selective channel can be estimated. At low frequency selectivity (large coherence  bandwidth), a reduced density (larger reference-symbol spacing) can be used. Alternatively, frequency-domain averaging over more reference symbols can be carried out, allowing for a reduced per-reference-symbol energy.

One can thus envision three different alternatives:

1. The reference-symbol frequency-domain density is allowed to vary depending on e.g. the radio-channel frequency selectivity. The exact reference-signal structure will thus vary, something that will, at least to some extent, impact the detailed channel-estimator implementation. Note that this alternative would not imply a dynamically varying reference-symbol density but rather a reference-symbol density that could be different in different environments such as large-cell outdoor environments vs. small-cell indoor deployment (or, in other words, a “semi-static” reference-symbol density)

2. The reference-symbol density is fixed (a “static” reference-single structure) regardless of e.g. the channel conditions. However the per-reference-symbol energy can vary depending on e.g. the frequency selectivity of the radio-channel. Note that this would also imply that the detailed channel-estimator implementation would be impacted, as different amount of averaging would have to be applied in order to compensate for the varying per-reference-symbol energy. Also, this approach will lead to unnecessary reference-signal overhead in terms of time/frequency resources in case of radio channels with low frequency selectivity.

3. Both the reference-symbol density and the per-reference-symbol energy are fixed regardless of e.g. the frequency selectivity of the radio channel. This approach will lead to excessive reference-signal overhead both in terms of time/frequency resources and cell transmit power, in case of radio channels with low frequency selectivity.

We believe that, from a complexity point-of-view, a static reference-symbol density is preferred. At the same time, E-UTRA should provide high performance in a wide range of environments. Thus it should be considered if this can be achieved with a single (static) reference-symbol density or if a semi-static reference-symbol density is needed. 

It should be noted that, in case of a semi-static reference-symbol density, sub-frames carrying basic system information must have a pre-determined reference-symbol density, as this information must be possible to properly detect without any prior knowledge of any environment-depending parameters. 

4. Frequency-hopping reference symbol

The possibility for reference-symbol frequency hopping, where the exact frequency-domain position of reference symbols vary between consecutive sub-frames and between cells, is currently assumed in [1]. Frequency hopping is potentially beneficial in terms averaging the interference between cells.

· As mentioned above, reference symbols may be transmitted with higher energy compared to other, simultaneously transmitted, time/frequency symbols. 

· DTX may (partly) be applied to shared-channel transmission as well as to L1/L2 control signaling in a cell.

Furthermore, our understanding is that frequency hopping without affecting the reference-symbol density can be implemented with a very minor effort. 

Thus it is proposed that frequency hopping is applied to the reference symbols. The hopping should be “random” between cells
 while keeping a constant reference-symbol density.

It should be noted though that the question on frequency hopping for reference symbols is related to the question on reference-symbol frequency-domain density. In case of a high frequency-domain density there is probably a limited gain with frequency hopping.

5. Orthogonal reference signals

According to [1] it should be possible to provide multiple mutually orthogonal reference signals. Orthogonal reference signals may be used

· between cells/beams belonging to the same Node B

· between transmit antennas belonging to the same cell/beam (space-time coding, multi-stream transmission, etc.)

There are different means by which mutually orthogonal reference signals can be provided.

· Frequency-Division Multiplexing (FDM)
Different reference signals are transmitted simultaneously but on different sub-carriers.

· Time-Division Multiplexing (TDM)
Different reference signals are transmitted within different OFDM symbols of downlink sub-frames. As an example, in case of four transmit antennas the first reference symbols could be used for antenna one and two and the second reference symbols for antenna three and four (see also Section 5.2.2) 

· Code Division Multiplexing (CDM)
 The sequence of reference symbols of the different reference signals are multiplied by mutually orthogonal patterns. Note that this does not imply spreading of each reference symbol but rather that orthogonality is achieved when averaging over multiple reference symbols.

Note that, from a time/frequency-resource point-of-view (amount of time/frequency symbols needed), the three methods listed above are more or less equivalent.

However, from the point-of-view of channel-estimation performance, there are some differences. In case of CDM, the orthogonality between the reference signals will be at least partly lost in a highly frequency-selective channel while, for FDM, the orthogonality will be retained.  On the other hand, the reference-symbol density will be twice as high (assuming two orthogonal reference signals) for the CDM case, leading to somewhat better frequency-domain tracking ability. At low frequency selectivity (or a high reference-symbol density) the difference will be marginal. However, for a high frequency selectivity there will be some differences.
5.1. Orthogonal reference signals between cells/beams of the same Node B

Although from a link-performance point-of-view we do not see any significant differences in performance between FDM and CDM, we believe that CDM has a benefit in this case. When a UE is not close the border between cells, suppression of inter-cell interference is obviously less critical. Thus, in such situations the UE can use the higher reference-symbol density of CDM for improved channel estimation.

Thus it is proposed that orthogonal reference signals between cells/beams of the same Node B are provided by means of CDM. 

One possibility is to use phase-rotating sequences as orthogonal patterns as this provides more freedom in the number of orthogonal patterns, compared to e.g. Walsh codes. 
5.2. Orthogonal reference signals between transmit antennas of the same cell/beam

We distinguish between two cases:

· Two transmit antennas within the same cell/beam

· More than two (up to four) transmit antennas within the same cell/beam

5.2.1 Two transmit antennas

It is proposed that reference signals for the two antennas are frequency multiplexed, i.e. different sub-carriers are used for the reference symbols of antenna one and antennas two.
5.2.2 More than two transmit antennas 

It is assumed that the L1/L2 control signaling is transmitted only from the first and second antenna even in case of a deployment with more than two antennas. Thus there are no UE power-saving or latency-saving reasons to transmit reference signals for antennas beyond antenna 1 and antenna 2 as part of the first reference signals. Also note that more than two transmit antennas will most likely not be used in scenarios with very large mobility. Thus the utilization of both first and second reference symbols to track fast channel variations will not be required in case of more than two antennas
Thus it is proposed that, in case of more than two transmit antennas, reference signals for antennas beyond antenna 1 and antenna 2 are based on the second reference symbols. Furthermore, for this scenario, it should be assumed that reference signals for antennas 1 and 2 are based solely on the first reference symbols.
6. Summary

The following is proposed regarding the E-UTRA downlink reference-signal structure:

· First reference symbols are located in the second OFDM symbol of downlink sub-frames

· Second reference symbols are located in the second last OFDM symbol of downlink sub-frames

· It should be considered if a static reference-symbol frequency-domain density is sufficient to efficiently support all E-UTRA target scenarios or if a semi-statically reference-symbol density is needed.

· The possibility for frequency-hopping with constant reference-symbol density should be assumed.

· Orthogonal reference signals between cells/beams of the same Node B is created by multiplying the reference-symbol sequences by phase-rotating sequences (CDM)

· Orthogonal reference signals between multiple transmit antennas of the same cell/beam are created by allocating different time/frequency symbols to the reference symbols of the different antennas (FDM/TDM). In case of more than two transmit antennas, reference signals for antennas beyond antenna 1 and antenna 2 are based on the second reference symbols.

A text proposal is given in [2].
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� Note that mutually orthogonal reference signals may be used between cell of the same Node B, see Section 5.





_1196154490.doc
[image: image1.bmp]









































R1



















R1











R1







































































R2







 : Second reference symbol







R2







 : First reference symbol







R1







R1











One sub frame (0.5 ms)







































R2











R2











R2




























































