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1. Introduction
In RAN1#46bis meeting, the downlink reference signal structure for 2-TX antenna and 4-TX antenna MIMO have agreed as working assumption [1] [2] [3]. These kinds of reference signal structure can be used when open-loop MIMO transmission is selected. 
When beam-forming is selected, the dedicated reference signal should be considered. In this contribution, the impact on downlink reference signal structure for adaptive beam-forming in EUTRA TDD is discussed, including reference signal structure design principle and overhead issue.
2. Reference signal structure design principle
There are two methods to apply beam-forming at the transmitter, method A and method B.

A) One method is based on common reference signal. In this method, each antenna needs transmitting an individual orthogonal reference signal. According to the orthogonal reference signal, UE performs channel estimation for each antenna, and demodulate the beam-formed data symbols by combining the estimated channel and the known beam-forming weights. The beam-forming weights are calculated at the receiver using the estimated channel for each antenna, and fed back 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 dedicated reference signal and preferred by TDD system. 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 transmit an individual reference signal for each antenna, but all antennas use the same beam-formed dedicated reference signal [4]. 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-formed dedicated reference signal. Using this method, Node B can get the downlink channel beam-forming weights by implicit way, i.e. no beam-forming weights quantification and no beam-forming weights feedback are required. 
With method A, the common reference signal structure is used. It is also argued that dedicated reference signal is required to identify the used beam-forming weights, or additional control signaling is required to inform the used beam-forming weights.

With method B, it is possible to allocate dedicated reference signal and common reference signal in one PRB. The dedicated reference signal may be inserted in the second OFDM symbol and the third last OFDM symbol in that PRB. Because the common reference signal in the third last OFDM symbol in one PRB is not required when that PRB is used for beam-forming, the common reference signal in the third last OFDM symbol may be removed to decrease reference signal overhead. The reserved common reference signal in the first OFDM symbol may be used to demodulate the control signaling and estimate the downlink CQIs. Some dedicated reference signal structure examples are shown in figure 1 for 1-TX, 2-TX and 4-TX antennas. The exact dedicated reference signal location is FFS because it may be related with the downlink control channel structure.

With regarding to the TDD specific properties/capabilities, it may not transmit downlink common reference signal in each timeslot. It is possible to only allocate dedicated reference signal in one PRB [5]. This will lead to much less reference overhead.
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Figure 1, Downlink reference-signal structure examples when beam-forming is used in PRB n with method B
3. Overhead issue
In this section, the overhead issue of reference signal for different beam-forming implement methods will be discussed. This discussion is based on the examples of reference signal structure shown in figure 1, including method A (used in PRB n) and method B (used in PRB n+1). 
The spacing (in the frequency domain) between reference symbols of the same OFDM symbol for one TX antenna is assumed as 6. The overhead of reference signal is shown in table 1, which is calculated as the ratio between number of symbols used for reference signal and total number of symbols in one PRB. In addition to the overhead of reference signal, the control signaling overhead is also considered. 
Table 1, Overhead of downlink reference signal for beam-forming
	
	Method A
	Method B

	Overhead of pilots
	1-TX
	3.70%*
	5.56%

	
	2-TX
	7.41%
	7.41%

	
	4-TX
	14.81%
	11.11%

	Uplink control signaling
	Required
	No required

	Downlink control signaling
	Required
	No required


* 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 signal for method B is equal to or less than it for method A. If the common reference signal may not be transmitted in all the downlink timeslots, the overhead of reference signal will be further reduced with method B. In addition, if the control signaling overhead for method A is considered, the total overhead for method A will be large. 
Thus, regarding to the overhead issue of reference signal and control signaling, it is proposed to use dedicated reference signal for beam-forming e.g. in 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 signal structure design principle and overhead issue are discussed.

With method B, dedicated reference signal is required for accurate channel estimations and no true overhead of reference signal 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 design principle for beam-forming discussed in section 2 should be considered in EUTRA. That means for dynamic beam-forming used in one PRB in TDD mode, the dedicated reference signal may be inserted in the second OFDM symbol and the third last OFDM symbol in that PRB, and the common reference signal in the third last OFDM symbols in that PRB may be removed to decrease reference signal overhead.
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