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1. Introduction
In [1] [2] it was proposed to use dedicated downlink reference signal structure for adaptive beam-forming (BF) for EUTRA TDD, and in this paper we carry this idea further. 
2. Discussions
2.1. TDD property
For FDD system, common reference signals should be sent in each DL sub-frame in whole system bandwidth to achieve fast frequency scheduling in EUTRA system, while for TDD, the situation is different [2].
In TDD system there are multi timeslots between a pair of switching points. Figure 1 shows that the resource allocation for alternative frame structure in 5ms radio sub-frame for EUTRA TDD.
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Fig. 1 5ms radio subframe resource allocation for TDD
Considering the situation that DL common reference signals are sent in all DL timeslot, i.e. TS4. TS5, TS6 and TS0 (next 5ms radio sub-frame) in whole system bandwidth, although UE can get the downlink channel quality information base on the reference signals in some timeslots, e.g. TS5, there is no UL timeslot (the nearest UL timeslot to TS5 is TS1 in next radio sub-frame) at this time, so UE can not feedback the DL channel quality information to Node B, which is referred to as TDD property. Therefore, we recommended that DL common reference signals are not needed to be sent in every DL timeslot. For example, DL common reference signals can be sent only in TS4 in Fig. 1(i.e. control signaling is also sent in TS4), which will bring two merits:
1) Once UE received the control signals, it will know which timeslots are useful for it, so it can decide whether to transfer to sleeping mode to save power;
2) DL common reference signals are only sent in one timeslot, and dedicated reference signal are sent in the other timeslots, which can decrease the interference to other cells.
2.2. Overhead issues
In order to decrease reference signal overhead, [1] proposed to use dedicated reference signal to support adaptive non-codebook based beam-forming (BF) in TDD operation. In this method downlink beam forming weights are estimated directly from the uplink signals by using the channel reciprocity of TDD. When Node B performs downlink beam-formed transmission, it does not need to transmit individual reference signals for each antenna; instead all antennas use the same beam-formed dedicated reference signal. The proposed dedicated reference signal structure example is shown in Fig. 2, where the first reference signal is transmitted in the second OFDM symbol in one timeslot. For codebook based BF, Node B needs to transmit individual reference signals for each antenna and send control signals to direct the codebook index.
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Fig. 2 proposed dedicated reference signal structure

Assuming that the spacing in the frequency domain between reference symbols of the same OFDM symbol for one stream is 6, the overhead of reference signals is given in table 1, which is calculated as the ratio of the symbols used for reference signal to total symbols in one PRB, where the control signaling overhead is also considered. 
Table 1, Overhead of downlink reference signal for beam-forming

	
	Codebook based BF
	Non-codebook based BF

	Overhead of pilots
	1-TX
	3.70%*
	3.70%

	
	2-TX
	7.41%
	3.70%

	
	4-TX
	14.81%
	3.70%

	Uplink control signaling
	Required
	Not required

	Downlink control signaling
	Required
	Not required


* In this case, true beam-forming can not be applied with Codebook BF and the overhead is shown just for comparison. 

It can be found from table 1 that the overhead is the same with both beam-forming methods only for 1-TX case, where the true beam-forming can not be applied with codebook based BF. When the number of antennas is larger than 1, the overhead of reference signal for non-codebook based BF is less than that for codebook based BF. In addition, if we take the control signaling overhead for codebook based BF into account, the total overhead for codebook based BF will be larger. 

Thus, considering the overhead issue of reference signal and control signaling, we propose to use dedicated reference signal for adaptive beam-forming in EUTRA TDD.
2.3. Performance loss
When dedicated reference signal are used, the frequency domain average in whole bandwidth can not be performed, which will lead to the performance loss. However, in this section we will show that this performance loss is very limited if more than one PRB are used.
In these simulations, MMSE channel estimation method is used, and 2 PRB are allocated to one user. Because high order modulation is more sensitive to the quality of channel estimation, here we focus on 16QAM and 64QAM. For dedicated reference signal, the boosting of 3dB is used.
The details of simulation parameters are shown in table 2.
Table 2.  Simulation parameters.

	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Carrier Frequency
	2.6GHz

	Propagation channels
	TU (3 km/h), independent fading

	Channel estimator
	MMSE

	Codeword 
	SCW

	Used Resources
	2 PRB 

	Code type
	3GPP turbo code

	Modulation and coding rates
	16-QAM 1/2,  64-QAM 1/2

	# of TX antennas at Node B
	1

	# of RX antennas at UE
	2

	Receiver method
	MMSE
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Fig.3 Performance comparisons between common and dedicated reference signals (16QAM)
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Fig.4 Performance comparisons between common and dedicated reference signals (64QAM)
From Figs. 3 and 4, we can see that the performance loss due to dedicated reference signals is very limited; furthermore, if more PRBs are allocated to the same user, the difference will become even smaller.
3. Conclusions
In this paper we analyzed the performance of dedicated reference signal from following 3 aspects:

1) TDD property: DL common reference signals are not needed to be sent in every DL timeslot and dedicated reference signals needed, which will decrease the interference to other cells;
2) Reference signal overhead: Using dedicated reference signal can decrease the overhead;
3) Performance loss: the performance loss due to dedicated reference signal is very limited and acceptable;
Finally, we recommended adopting dedicated reference signal at least in EUTRA TDD operation. 
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