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1. Beamforming and relation to cells

In order to support the E-UTRA requirements on capacity and coverage, E-UTRA should support different forms of beam forming. In general one can distinguish between ”fixed beams” (here referred to as Static Beams
) and ”adaptive beams” (here referred to as Dynamic Beams). 

After some considerations it is clear that, from a radio-interface point-of-view, there is no fundamental difference between a static beam and what is typically referred to as a cell
.

· Similar to a cell, a static beam has a certain static coverage area.

· Similar to a cell, a UE should be able to search for and estimate the (downlink) channel quality corresponding to a static beam

This is in contrast to a dynamic beam that only exists when data is being transmitted to a UE within the beam. Thus a dynamic beam does not have a static coverage area and a UE cannot search for and estimate the channel quality of a dynamic beam in the same way as for a static beam. 

Thus, from a radio-transmission point-of-view, one only needs to distinguish between:

· Transmission using a static beam. This includes the case of transmission over the entire cell, which simply corresponds to a fixed beam with a coverage corresponding to the cell coverage. 

· Transmission using a dynamic beam

As an alternative one could distinguish between transmission within a cell and transmission using a dynamic beam. The important thing is that, from a radio-interface point-of-view, there is no need to distinguish between cells and static beams. 

At this stage it is important to understand that a beam can be of many different shapes. Figure 1 illustrates some examples, from left to right:

· A Node B with three static beams, corresponding to the ”normal” 3-sector site

· A Node B, with one fixed omni-directional beam, corresponding to a normal omni-directional ”cell”, overlaid by two directional (static or dynamic) beams

· A Node B with a number of distributed static beams
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Figure 1: Examples of different deployments

2. Downlink reference signals

Downlink transmission of pre-determined signals, here referred to as reference signals, is needed in order to enable  

· UE search for static beams (”cell search”)

· UE estimation of the downlink channel quality associated with a static beam

· UE channel estimation for coherent detection

Similar to the distinction between static and dynamic beams we need to distinguish between static and dynamic reference signals.

2.1. Static reference signals

A static reference signal is continuously
 transmitted with a coverage area corresponding to a static beam. Static reference signals can be used by the UE to 

· search for static-beams

· estimate the (downlink) channel quality of static beams

· estimate the channel frequency response (for coherent detection) in case of data transmission using a static beam

In some sense one can say that the presence of a static reference signal defines the presence of a static beam.

An example of a static reference signal is the WCDMA common pilot.

2.2. Dynamic reference signals

A dynamic reference signal is only transmitted in a beam (static or dynamic) when data is being transmitted using that beam. Dynamic reference signals can be used for

· channel estimation for coherent detection in case of data transmission using a dynamic beam

· channel estimation for coherent detection, as a complement to the static reference signal, in case of data transmission using a static beam.

Thus dynamic reference signals are not only applicable to transmission using dynamic beams but may also complement/improve channel estimation in case of transmission using static beams.

2.3. Reference-signal structure

In practice both static and dynamic reference signals can be implemented as specific patterns of known symbols in the OFDM time/frequency grid. 

In such a case, it can be beneficial if there is a possibility for mutually orthogonal reference signals in neighbor beams. This is especially the case for beams of the same Node B, i.e. when the beams can be assumed to have the same transmission timing. Also note that orthogonal reference-signal patterns are typically needed for multiple-antenna transmission such as MIMO. At the same time, limit to orthogonal reference signals only will imply too much of a constraint on the number of available reference-signals patterns. Thus the E-UTRA downlink reference-signal structure should allow for both orthogonal and non-orthogonal reference-signal patterns. 

Two specific reference-signal structures have been proposed, see Figure 2.

· Time-multiplexed reference-signal structure

· Distributed or staggered reference-signal structure
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Figure 2: Time-multiplexed and distributed reference-signal structures

One argument for a distributed reference-signal structure is that it should allow for a potentially better channel-estimation performance as the reference symbols are more evenly spread over the time/frequency grid. Compared to the time-multiplexed structure, a distributed reference-signal structure also more easily allows for different energy of reference symbols compared to other symbols.

On the other hand, a time-multiplexed reference-signal structure has been claimed to provide potential terminal-power-saving benefits.

For dynamic reference signals, the power-saving issue is not relevant as a dynamic reference signal only needs to be received when dedicated data is also to be received. Thus, for the dynamic reference signals, the adoption of a distributed or staggered reference-signal structure should be the preferred choice.

For the static reference signals one could consider either a time-multiplexed or a distributed structure.

3. Conclusion and Text proposal

We propose to include the following text in Section 7.1.1.2.2 of TR 25.814: 

--- Begin Text Proposal ---

7.1.1.2.2 Downlink reference signal structure

There are two types of reference signals

· Static reference signals

· Dynamic reference signals

Static reference signal are continuously transmitted with a coverage area corresponding to a static beam. Static reference signals can be used by the UE to 

· search for static-beams (including cells)

· estimate the (downlink) channel quality of static beams

· estimate the channel frequency response (for coherent detection) in case of data transmission using a static beam

Dynamic reference signals are only transmitted in a beam (static or dynamic) when data is being transmitted using that beam. Dynamic reference signals can be used for

· channel estimation for coherent detection in case of data transmission using a dynamic beam

· channel estimation for coherent detection, as a complement to the static reference signal, in case of data transmission using a static beam.

Both static and dynamic reference signals are implemented as specific patterns of known symbols in the OFDM time/frequency grid. The E-UTRA downlink reference-signal structure should allow for both mutually orthogonal and mutually non-orthogonal reference-signal patterns. 

Static reference signals should be based on either a time-multiplexed or a distributed structure, see Figure X.

Dynamic reference signals should be based on a distributed structure.

The use of an adjustable pilot-symbol density should be considered.
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Figure X 

--- End text Proposal ---

� “Semi-static beam” would, perhaps, have been a better term but we will use the term “Static beam” for simplicity


� Note that, in some non-3GPP contexts, the term “cell” is sometimes used to denote what is typically referred to as a “site” and the word “sector” is used to what, in 3GPP terminology is called “cell”. Here we use the term “cell” according to 3GPP terminology, i.e. a “cell” is the same as a “sector”.


� “Continuously” does not mean strictly continuous but rather that the static reference signal is being transmitted regardless of data transmission or not. As will be seen below, a time multiplexed (obviously not strictly continuous) reference-signal structure is one possibility for static beams.
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