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Introduction

In this contribution we present a downlink MIMO reference signal structure.  It is primarily based on frequency staggered pilot symbols on a sub-frame to sub-frame basis. This type of structure provides better sampling of the frequency domain and achieves better performance in high delay spread channels.
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Text Proposal
----------Start of Text Proposal-----------

7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first OFDM symbol of every sub-frame assigned for downlink transmission. This is valid for both FDD and TDD as well as for both long and short CP. 

Additional reference symbols (a.k.a. ”Second reference symbols”) are located in the third last OFDM symbol of every sub-frame assigned for downlink transmission. This is the baseline for both FDD and TDD as well as for both long and short CP. However, it should be evaluated if, for FDD, the second reference symbols are needed.
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure1 


 This figure assumes 7 OFDM symbols per sub frame according to Table 7.1.1-1 (short CP). In case of long CP or frame structure according to Table 7.1.1-2, the figure should be modified accordingly.
The spacing (in the frequency domain) between reference symbols of the same OFDM symbol and antennas is M = 6 sub-carriers [also other values of M could be studied]. The first and second reference symbols are staggered in the frequency domain as illustrated in Figure 7.1.1.2.2-1 above
The current assumption is that the position (in the frequency domain) of the reference symbols may vary from sub-frame to sub-frame and between cells. However, this assumption may be reconsidered if it is in conflict with any future conclusions regarding the E-UTRA cell-search procedure.
In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).

It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell (up to a maximum of 4 orthogonal reference signals should be supported to enable higher-order downlink MIMO) within one cell/beam. In the MIMO case the reference symbols should vary from sub-frame to subframe. Figure 7.1.1.2.2-2 and Figure 7.1.1.2.2-3 show this pilot pattern for 2 transmit and 4 transmit antennas respectively. Note that, for TDD, orthogonal reference signals may not be needed between TX antennas of the same Node B if the multiple TX antennas are used for downlink dynamic beam forming. 
· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
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Figure 7.1.1.2.2-2. Basic downlink reference-signal structure for 2 Tx antenna for 3 consecutive subframe1

[image: image6]

[image: image7.wmf] 

D

 

D  

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

P

3

 

 

D

 

D

 

P

4

 

 

D

 

D

 

P

3

 

D

 

D

 

P

4

 

 

D

 

D

 

P

3

 

D

 

D

 

P

4

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

0.5 ms

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

D

 



[image: image8.wmf] 

D

 

D  

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

P

4

 

 

D

 

D

 

P

3

 

 

D

 

D

 

P

4

 

D

 

D

 

P

3

 

 

D

 

D

 

P

4

 

D

 

D

 

P

3

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

0.5 ms

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

D

 



[image: image9.wmf] 

D

 

D  

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

P

3

 

 

D

 

D

 

P

4

 

 

D

 

D

 

P

3

 

D

 

D

 

P

4

 

 

D

 

D

 

P

3

 

D

 

D

 

P

4

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

0.5 ms

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

P

1

 

D

 

D

 

P

2

 

D

 

D

 

D

 


Figure 7.1.1.2.2-3. Basic downlink reference-signal structure for 4 Tx antenna for 3 consecutive subframe1
Orthogonality between reference signals of different TX antennas of the same cell/beam is created by means of FDM. This implies that the reference-signal structure of Figure 7.1.1.2.2-1, with different antenna-specific frequency shifts, is valid for each antenna. CDM should be evaluated as an alternative.
In case of orthogonality between reference signals of different cells/beams belonging to the same Node B, the orthogonality is created in the code domain, i.e. the (frequency domain) sequence of reference symbols are multiplied by mutually orthogonal patterns. [The assumption regarding CDM-based orthogonality between reference signals of cells/beams of the same Node B is to be confirmed by means of system-level evaluation.]
Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO.
Furthermore, to provide channel estimates for coherent demodulation of multi-cell MBMS transmission, the following approaches are to be considered:

· Cell-common reference signals (transmitted only in the sub-frames in which MBMS is transmitted).
· Cell-specific reference signals, together with group scrambling.
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