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1 Introduction
In the previous several meetings, numerous contributions on downlink Reference symbols structure have been presented. The TR 25.814[1] was updated after Seoul meeting to reflect agreement that there may be primary and secondary reference symbols. It is clear that reference symbols and control information will be located in the first or second OFDM symbol per subframe (Timeslot). What is unclear is whether the second reference symbols are selectively transmitted or transmitted in every downlink subframe.

In this contribution, some considerations for the downlink pilot of multiple TX antennas, especially for dynamic Beamforming on TDD mode, are discussed.
2 The Downlink Pilot of Single TX Antenna on TDD
In [1], downlink reference symbols structure can be TDM pattern or scattered pattern. It is still FFS whether the second reference symbols are transmitted in every downlink sub frame. For TDD, when using TDM pattern or Scattered pattern and one TX antenna, the downlink reference symbols structures in one downlink timeslot, consisting of known reference symbols, are illustrated in Figure 1 and Figure 2. Timeslot structure and parameters from Figure 6.2.1.1-1 and Table 7.1.1-2 [1] are used for reference.
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      Figure 1 TDD TDM pilot structure                  Figure 2 TDD Scattered pilot structure
In Figure 1, one reference symbol is interpolated in every three sub-carriers to guarantee the density in frequency-domain for TDM, and exact frequency-domain reference-symbol density is FFS. When reference symbols are used for channel estimation at the UE, reference symbols among sub-carriers in Figure 1 and Figure 2 can be interpolated in frequency-domain and between subframes (timeslots) to estimate the channel condition of each sub-carrier data (control) signals; as a result, coherent demodulation/detection can be realized.
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When time-domain inter-subframe (timeslot) interpolation can not be realized, e.g. a downlink sub-frame (timeslot) followed by an uplink sub-frame (timeslot), intra-subframe(timeslot) interpolation is needed to guarantee the accuracy of channel estimation. To realize intra-subframe interpolation, reference symbols in each sub-carrier should be located symmetrical within one sub-frame to perform accurate channel estimation for data signals in time-domain. This design idea is illustrated in figure 3 and figure 4. From these two figures, the accuracy of channel estimation in time-domain and frequency-domain can be guaranteed.    
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     Figure 3  TDM pilot structure                   Figure 4  Scattered pilot structure
     for the intra-timeslot Interpolation               for the intra-timeslot Interpolation
3 Some Considerations for the Downlink Pilot of Beamforming on TDD
When Node B adopts multiple TX antennas, there are two transmitting mode: MIMO and Beam forming. Beam forming is an array beam forming technique to transmit wireless signals, that is, Node B concentrates the energy and steers the transmitting array signals to the direction of UE according to the direction information derived from the received signals of UEs. It is illustrated in Figure 5. 
Beam forming technique can improve the channel spectrum efficiency, increase cell capacity and coverage, and mitigate system interference by steering the beam of the transmitting array signals to the direction of UE. Further, this technique can improve Node B receiver sensitivity and equivalent transmitting power, and greatly reduce the intra-system and inter-cell interference; as a result, system capacity can be improved.
For beam forming, there is a suggestion from TR25.814 section 7.1.1.2.2—“Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO”.  

For FDD, as uplink and downlink carriers use different frequency band, UE performs channel estimation according to the downlink signals and feedback the estimated weights by control channels to Node B; then according to the feedback information, Node B performs weight-processing for each antenna to form the desired beam to the transmitting signals. In order to get the accurate information at the UE, mutually orthogonal downlink reference signals are needed for each TX antenna at Node B. Mutual orthogonality between reference signals may be achieved either in the frequency domain or in the code domain. 
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Figure 5 Beam forming for transmitting data
For TDD, the situation is simple. Node B performs channel estimation and gets UE spatial information only according to the uplink data stream from UE. Because of the frequency channel reciprocity, it can be considered that uplink channel and downlink channel are symmetrical in space. Therefore, TDD system can get UE spatial information based on the uplink channel estimation, and use this information to perform downlink beam forming. 
TDD system can estimate downlink beam forming weights directly from the uplink signals, and UE needn’t to feed back the channel estimation by the control channel; thus, when TDD system is adopting beam forming technique, at the Node B, reference signals from multiple TX antennas can use the same reference symbols, and mutually orthogonal reference signals for each antenna are not needed. As a result, for TDD mode beam forming, downlink reference signals can be same as that of single antenna; whether using beam forming technique or not is transparent for receiver and UE needn’t pay extra cost.   
At the same time, when using beam forming technique, Node B always steers the beam of the transmitting signals to the corresponding UE, that is, there are directional character for data and reference signals. When resources in one subframe are used for user A, it can not be guaranteed that the same resources in next subframe will be used for this user. As a result, time-domain inter-subframe reference signals interpolation is not always possible, and channel estimation accuracy may be deteriorated. In order to realize good channel estimation at the UE, the reference signals in each subframe should have self-contained characteristic so that time-domain reference signals interpolation can be realized in each subframe. For TDD, when using beam forming, reference signals can be used as the pattern in Figure 3&4 to guarantee the self-contained characteristic in each subframe. That is, there are two OFDM symbols containing reference signals in one subframe, and there are two reference symbols in one sub-carrier. Sub-carrier interval between reference symbols can be the same as or wider than that of single antenna in frequency domain, and the exact density is FFS.   


4 Conclusion
In this contribution, how to design the reference signals for beam forming is discussed. For TDD, making use of channel reciprocity, Node B can obtain downlink antenna array weights for beam forming only by uplink signals from UE. When using beam forming, multiple antennas can use the same references symbols as that of single antenna without extra reference symbols. In order to get accurate channel estimation, references symbols in each sub-frame should have self-contained characteristic.
5 Text proposal for TR 25.814 
---------------------------------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 or second OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) may  be located in a second OFDM symbol of the sub-frame
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)

The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub frame
In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

If second reference symbols are transmitted, the possibility for different power offset between the first reference symbols and the second reference symbols could be considered.

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).

Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO. For TDD mode, multiple TX antennas can use the same reference symbols for dynamic beam forming, and mutually orthogonal reference signals for each antenna are not needed. In order to get accurate channel estimation, references symbols in each sub-frame (timeslot) should have self-contained characteristic, so second reference symbols are need in every sub-frame (timeslot) for beam forming method.
It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Mutual orthogonality between reference signals may be achieved in either the frequency domain (reference symbols of different antennas/sectors/beams transmitted on different OFDM sub carriers within a given OFDM symbol) or in the code domain (reference symbols of different antenna/sectors/beams modulated by mutually orthogonal patterns). Both alternatives are to be considered. 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
---------------------------------End of Text Proposal---------------------------------------------
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Exaxt frequency-domain reference-symbol �density is TBD (50% in this figure)



Frequency-domain staggering between first �and second reference symbols is TBD



The first reference symbols may, alternatively, be located in the first OFDM symbol of the sub frame



Exact time-domain position of second reference �symbols is  TBD
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