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1. Introduction
The dynamic beam-forming has been decided in LTE [1] as one of the MIMO mode where 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. Beam-forming technique can improve the channel spectrum efficiency and increase cell capacity and coverage. It is also considered as a general method to mitigate inter-cell interference by steering the beam of the transmitting array to the direction of UE.
In this contribution, the impact on downlink reference symbols of beam-forming for EUTRA TDD is discussed, including reference symbols design and overhead issue.
2. The reference symbols design of beam-forming for EUTRA TDD
As mention in [1], 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
Two common reference symbols, first reference symbols and second reference symbols are located in the OFDM symbols of one sub-frame (timeslot). According to the assumptions in [1] ，for coexisting with LCR TDD based frame structure, two common reference symbols are located as Figure 1.
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Figure 1, Basic downlink reference-signal structure for EUTRA TDD
When adopting multi-antenna technique to improve system data throughput and coverage at Node B, the characteristic of multi-antenna implementation should be considered for reference symbol design on the basis of Figure 1. 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 1, with different antenna-specific frequency shifts, is valid for each antenna. CDM should be evaluated as an alternative. 
It is suggested in [1] that ‘Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO’. The UE-specific downlink reference symbols are used to realize accurate demodulation at UE, when the beam-forming weight is not known at receiver e.g. for TDD implement method, in which the beam-forming weight is acquired at transmitter.

There are two methods to apply beam-forming at the transmitter, method A and method B.

A) One method is based on common reference symbols. In this method, each antenna needs an individual orthogonal reference symbol. According to these orthogonal reference symbols, UE performs channel estimation for each antenna, and demodulate the beam-formed data symbols by combining the estimated channel and known beam-forming weight. The beam-forming weight is calculated at the receiver using the estimated channel for each antenna, and feedbacks the estimated weight index to Node B through uplink control channels. Node B will adjust the transmission parameters of each antenna based on the receiving weighs from UE for next transmission. 

B) Another method is based on UE-specific reference symbols and preferred by TDD systems. In this method downlink beam forming weights can be estimated directly from the uplink signals by using of the channel reciprocity of TDD. When Node B performs downlink beam-formed transmission, it does not need to set an individual reference symbol for each antenna, but all antennas use the same beam-formed UE-specific reference symbols [1, 2]. UE doesn’t need to know the number of the transmit antennas at Node B. Received data symbols will be seen as transmitted from a single antenna, and will be demodulated with the estimated channel for beam-form UE-specific reference symbols. Using this method, Node B can get the downlink channel beam-forming weight by implicit way, i.e. no beam-forming weight quantification and no beam-forming weight feedback are required. 
With method B for EUTRA TDD, possible allocation of common and UE-specific reference symbols in one PRB is shown in Figure 2, the number of virtual antenna is assumed as one.
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Figure 2, Downlink reference-signal structure for beam-forming with method B
In Figure 2, the common reference symbols R1 are still maintained. In order to performing beam-forming data demodulation and downlink channel estimation, two UE-specific reference symbols AR1 and AR2 are inserted, and the common reference symbols R2 are replaced by AR2. The common reference symbols R1 are mainly used by UEs for downlink channel quality measurement and time/frequency-domain channel-dependent scheduling, while the reference symbols AR1 and AR2 are used only for channel estimation and downlink channel quality measurements for beam-formed data symbols. 
3. Overhead issue of reference symbols
In this section, the overhead issue of reference symbols for different beam-forming implement methods will be discussed.

First, the overhead of R1 and R2 in basic downlink reference-signal structure in figure 1 is 1/27 (about 3.7%) of the total physical resource, the spacing (in the frequency domain) between reference symbols of the same OFDM symbol is assumed as 6.
With method A, the number of mutually orthogonal common downlink reference signals is equal to the number of transmitting antennas. Orthogonality between reference signals of different transmit antennas of the same cell/beam is created by means of FDM. Thus the overhead of reference symbols for multi-antenna transmission is proportioned with the number of transmit antennas. One example of the downlink reference-signal structure for two transmit antennas is shown in figure 3. If the spacing (in the frequency domain) between reference symbols of the same OFDM symbols is 6 and uniform for all the transmit antennas, the overhead of reference symbols for method A is equal to M/27, where M is the number of transmit antennas.
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Figure 3, Downlink reference-signal structure for beam-forming with method A (2 transmit antennas)
With method B, the number of mutually orthogonal common downlink reference signals is equal to the number of transmitting antennas, and the number of UE-specific reference signals is equal to the number of beams. Especially the number of beams is only one when MIMO mode is beam-forming. According to the downlink reference-signal structure for EUTRA TDD beam-forming with method B in figure 2, one example of the downlink reference-signal structure for two virtual transmit antennas is shown in figure 4. The overhead of reference symbols (including common and UE-specific reference symbols) is M/54+1/27 of the total physical resource, where M is the number of virtual transmit antennas.
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Figure 4, Downlink reference-signal structure for beam-forming with method B (2 transmit antennas)
The overheads of reference symbols for method A and method B, with different number of transmit antennas are shown in table 1.
Table 1, Overhead of reference symbols for beam-forming
	M (#of virtual transmit antennas)
	1
	2
	4

	Method A (M/27)
	3.70%*
	7.41%
	14.81%

	Method B (M/54+1/27)
	5.56%
	7.41%
	11.11%

	Overhead increased (Method B vs. Method A)
	1.86%
	0%
	-3.7%


* In this case, no true beam-forming can be applied with method A. the overhead is shown only for comparison. 
It can be found that only 1.86% overhead for method B is increased comparing to the basic downlink reference-signal structure (one virtual antenna case), in which no true beam-forming can be applied with method A. When the number of virtual antennas is larger than one, the overhead of reference symbols for method B is equal to or less than it for method A. If the common reference symbols may be transmitted in part of the downlink timeslot, the overhead of reference symbols will be further reduced with method B.

Thus, regarding to the overhead issue of reference symbols, it is proposed to use UE-specific reference symbols for beam-forming e.g. for EUTRA TDD.
4. Conclusions
In this contribution, two beam-forming implement methods are introduced, method A and method B. Method B is preferred to EUTRA TDD. The references symbols design and overhead issues is discussed.

With method B, UE-specific reference symbols are needed for accurate channel estimations and channel-quality measurements, and no true overhead of reference symbols is increased. Therefore, in TDD systems, system capacity and coverage can be greatly improved with beam-forming with few resource cost and low computation complexity. 
In conclusion, for TDD systems, it is necessary to adopt beam-forming as a MIMO mode for downlink channel. The downlink reference-signal structure for beam-forming discussed in section 2 should be considered in EUTRA. That means for dynamic beam-forming in TDD mode, two UE-specific downlink reference symbols can be inserted. The second common reference symbols in basic downlink reference-signal structure (figure 7.1.1.2.2-1 in TR25.814 [1]) may be removed to reduce overhead.
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