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1. Introduction
Beam-forming has been adopted for both LTE TDD and FDD mode. But the UE specific reference signals for beam-forming implementation have not been decided. A couple of contributions were presented and discussed about the structure of UE-specific RS [1] [2] [3] [4]. From these presentations, it is noticed that most designs are only based on the localized transmission (i.e. Nd=1), and the distributed transmission with diversity order 2 (i.e. Nd=2) has not been taken into account. In addition, when UE specific reference is there, how to reduce the overhead of cell-specific reference signals are welcome [5] but not specified. 

In this paper, how to reduce the overhead of cell-specific reference signals and the detailed UE specific reference signals pattern supporting both Nd =1 and Nd =2 transmission have been discussed. It is proposed that,
· Beam-forming transmission and non-beam-forming transmission are separated in the PDSCH region in one sub-frame with FDM.
· In control region, cell-specific RS is always there, but in PDSCH region in one sub-frame, the cell-specific RS and UE-specific RS are FDM corresponding to non-beam-forming transmission and beam-forming transmission, i.e. no cell-specific RS in beam-forming areas.
· In beam-forming areas, UE-specific RS are inserted into the PRBs allocated to UE. In each PRB, two columns of UE-specific RS are required for each slot to support transmission both Nd =1 and Nd=2, i.e. four columns of UE-specific RS are required for one sub-frame. 
2. Discussion
2.1. Co-existence with Cell-specific RS

When UE employs beam-forming, cell-specific RS and UE-specific RS will be coexistent. If keeping all the cell-specific RS, and adding UE-specific RS, the performance of channel estimation using cell-specific RS can be maintained, but the total overhead is large.

If keeping the cell-specific RS for the control symbols, while replace the rest cell-specific RS with UE-specific RS, the overhead will be less, but the performances of non-beam-forming users who use cell-specific RS to estimate channel will be worse. Because the non-beam-forming users beside beam-forming areas can not utilize the concatenated character of cell-specific RS in frequency domain to estimate channel, the loss will be greater when only beam-forming users know the information of  UE-specific RS, and the non-beam-forming users still use cell-specific RS in the neighbor sub-band which not exist. So we propose dividing the data  of whole frequency band into two sub-bands: one is beam-forming area, the other is non-beam-forming area, as shown in Fig.1. In this way, users in the non-beam-forming area can fully use the info of seriate cell-specific RS to do channel estimation, and no impact for beam-forming users.
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Fig 1 Illustration FDM for PDSCH
2.2. UE-specific RS pattern
Two factors of RS pattern will influence the performance of channel estimation directly, one is frequency density, and the other is time density. In frequency domain, as well as time domain, the more UE-specific RS located in an OFDM symbols, the higher precise of channel estimation can be obtained, however the overhead is increased. So an appropriate RS pattern design is needed to trade off between performance and overhead.

Two kinds of transmission diversity order have been agreed for downlink transmission which are Nd=1 (localized transmission) and Nd=2 (distributed transmission). When using localized transmission, the resource in a sub-frame belong to one user, so channel estimation can be done based on the whole sub-frame. And when using distributed transmission, the slots in a sub-frame belong to different users, so channel estimation has to be done by slot. Some companies have suggested that UE-specific RS only occupy 3 OFDM symbols in a sub frame [1] [2], which means in the first slot only one column of UE-specific RS exits. Because of the control symbols, fewer data symbols in the first slot need channel estimation. When localized allocation is used, the detection performance is acceptable, but the performance will become worse for distributed transmission, as there is only one column of RS in the first slot, especially at high speed condition. So the wise choice is inserting four columns of UE-specific RS in a sub-frame, which the firstfirst two columns belong to the first slot, and the last two columns belong to the second slot. In this way, good performance can be obtained for both localized and distributed transmission.
3. Evaluation results
3.1. Frequency Density
In order to find a suitable UE-specific RS structure, three different RS structures in frequency domain are compared, as shown in Fig 2. All of these structures use two columns RS in time domain in a slot, and structure 1 has the biggest frequency interval that is 6, structure 2 is 4 and structure 3 is 3. Obviously, structure 1 has the least overhead, while structure C is in opposition. 
Some simulation parameters are given in table 1 and simulation results are shown in Fig 3 to compare the performances on different frequency spacing for Nd=1. From the simulation results, we can see that the impact of frequency interval is slight. At the BLER of
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, the performance is improved by about 0.5dB and 0.3dB, when frequency interval is reduced from six to four, four to three, respectively. Considering the overhead, structure 1 is the best scheme for UE-specific RS pattern in frequency domain.
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Fig 2. UE-specific RS Structures with different frequency densities (normal CP)
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Fig 3 BLERs of different frequency intervals for Nd =1

Table 1 Simulation parameters for frequency density
	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Propagation channels
	3GPP TU

	UE speed
	3 kmph

	Channel estimator
	2D MMSE 

	Code type
	3GPP turbo code

	Modulation and coding rate
	64QAM 2/3

	# of PRBs
	1

	# of control symbols
	2

	# of TX antennas at Node B
	8

	# of RX antennas at UE
	2

	# of data streams
	1 

	Receiver method
	MMSE

	Transmitter method
	Ideal BF weights


3.2. Time Position
Besides the number of column of RS, the specific position of RS will also influence the channel estimation, especially at high speed. So we consider three different time structures for UE-specific RS, as shown in Fig 4. The frequency densities of these structures are same (i.e. 6 sub-carriers), structure A has three columns of RS in a sub-frame, and both structure B and C have four columns but the positions of RS in the second slot are different. ComparingComparing with structure B, the distribution of RS in time domain of structure C is symmetrical. 
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Fig.4 UE-specific RS Structures for Distributed Allocation (normal CP)
Some simulation parameters are given in table 2, the results are shown in Fig 5-8. From the Fig, we can find that comparing with structure A, some gains can be obtained for both structures B and C, especially for distributed transmission. This indicates when only one column of RS exits in the first slot, the precision of channel estimation will be dramatically dropped for distributed transmission. 
The performances of structures which using four columns of RS in a sub-frame are almost same, no matter what speed is. Considering the simpleness of implement, structure B seems a better alternative, because of the same pattern for the first and second slot. So we recommend using structure B in Fig.4 as UE-specific RS pattern, which can support both Nd=1 and Nd =2 transmission well.
Table 2 Simulation parameters for time position
	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Propagation channels
	3GPP TU

	UE speed
	3 kmph,
	120 kmph

	Channel estimator
	2D MMSE 

	Code type
	3GPP turbo code

	Modulation and coding rate
	64QAM 2/3
	16QAM 1/3

	# of PRBs
	2

	# of control symbols
	1

	# of TX antennas at Node B
	8

	# of RX antennas at UE
	2

	# of data streams
	1 

	Receiver method
	MMSE

	Transmitter method
	Ideal BF weights
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Fig 5 BLERs of different columns in a subframe for Nd =1, 3kmph
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Fig 6 BLERs of different columns in a sub frame for Nd =2, 3kmph
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Fig 7 BLERs of different columns in a sub frame for Nd =1, 120kmph
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Fig 8 BLERs of different columns in a sub frame for Nd =2, 120kmph

4. Conclusion
ThisThis contribution has compared the performances of different UE-specific RS structures. Based on the simulation results, we proposed:
· Cell-specific RS and UE-specific RS are FDM between non-beam-forming transmission and beam-forming transmission;
· In frequency domain, keeping 6 sub-carriers space between UE-specific RS;
· In time domain, keeping every sub-frame has 4 columns of UE-specific RS, and the patterns in the first and second slot are same.
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