3GPP TSG-RAN WG1 #51bis
  








           R1-080217
Sevilla, Spain, Jan 14-18, 2008
Agenda Item: 6.1.1
Source: ZTE 
Title:  Dedicated RS Pattern for DL Beamforming
Document for:
Discussion and Decision
1. Introduction
Dedicated beamforming can be used to mitigate inter-user interferences, especially inter-cell interferences for E-UTRA and it is very promising to increase the cell-edge throughput and coverage [1]-[4] . To support beamforming, dedicated references of Frame Structure Type 1 have been supported in recent meetings, but the structure of dedicated references has not been decided. In this contribution we provide two reference structures which can support dedicated beamforming with one stream and have little influence on current reference structure.
2. Dedicated Reference signal structure 
[5] has proved that six dedicated RS in one RB can achieve better performance than 9 RS when synthetically considering the overhead of reference signals and BLER performance. In this contribution we put forward another pattern with six dedicated RS, which will obtain more accurate channel estimation in the case of low and high UE mobility. The proposed DRS patterns for the frame structure type 1 with normal and extended cyclic prefix are given in Figure 1(a) and Figure 1(b) respectively. The dedicated RS has the same overhead as the common RS and the dedicated RS only replace the resource elements in the PDSCH that avoids the collision of control information and dedicated RS.
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              (a) Normal cyclic prefix                              (b) Extended cyclic prefix
Figure 1 Dedicated RS patterns for FS1
2.1 Frequency Spacing of DRS

The frequency density of DRS depends on coherent bandwidth and the lower limit of frequency density should accord with Nyquist sampling Theorem. To further insure the performance of channel estimation, we use the number of DRS as twice times of Nyquist sampling symbols in frequency domain when designing the patterns:
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Where 
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is frequency spacing between two adjacent dedicated RS, 
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is the sub-carrier spacing and 
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 is the maximum of channel delay. Therefore the frequency spacing with 5 sub-carriers can satisfy the requirement of the channel estimation.
2.2 Time Spacing of DRS
The time density of DRS depends on coherent time and the lower limit of time density should accord with Nyquist sampling Theorem. When we use the number of DRS with twice times as Nyquist sampling symbols in time domain, the time spacing can be calculated by
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Where 
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 is time spacing between two adjacent dedicated RS, 
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 is the maximal Doppler Shift (when the UE speed is 350km/h, 
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 is the persisting time of one OFDM symbol. In order to optimize the tradeoff between overhead and channel estimation accuracy in both cases of interpolation to previous and next sub-frames is possible and not possible, we use three and two OFDM symbols as the time interval of DRS for normal and extended cyclic prefix respectively.
2.3 Placement of DRS
The Dedicated RS are inserted from the fourth or fifth OFDM symbol in a sub-frame to avoid the collision with control information. When the first three OFDM symbols are transmitted with control information, the fourth and last OFDM symbols in the sub-frame are adjacent to the DRS; the performance of PDSCH channel estimation can be assured. When the first three OFDM symbols are not transmitted with control information but with data, the time spacing between the DRS in previous and next sub-frame is four or five OFDM symbols. This is equal to the time spacing calculated by coherence time, and the performance of channel estimation has no obvious loss even in high speeds.
The weight vector of beamforming is calculated based on channel estimation of common RS in uplink or downlink; therefore we place the dedicated RS adjacent to the common RS as close as possible to optimize the performance. 
3. Simulation Results and Discussion
In this section we compare the performance of two DRS patterns with different density through simulation, our proposed DRS pattern in Figure 1(a) with a density of 6 symbols and the DRS pattern 12Symbol_3 listed in [6] with a density of 12 symbols. The parameters used in simulation are presented in Table 1.
The comparison of BLER performance for the two dedicated RS patterns is shown in Figure 2. From the simulation result we can observe that similar performance can be achieved in Macro cell and 120km/h scenario. Two DRS patterns have the same time density and 12Symbol_3 pattern has higher frequency density than our proposed pattern. The simulation result is according with the theoretical analysis that when the density of DRS is smaller than the calculated theoretical value, the channel estimation accuracy will be degraded; however when the density of DRS is higher than the calculated theoretical value, the performance can not be increased obviously and the overhead will be increased.
Table 1 Simulation Parameters

	Parameter
	Value

	Carrier Bandwidth
	10 MHz

	FFT size
	1024

	Propagation channels
	SCME Urban macro (120 km/h)

	Channel estimator
	LS

	Used Resources
	1 PRB(12 sub-carriers)

	Code type
	3GPP turbo code

	Modulation and coding rates
	QPSK(1/2)

	Retransmission number in HARQ
	3

	# of TX antennas at Node B
	8

	# of RX antennas at UE
	1

	Antenna spacing 
	0.5
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	# of data streams
	1 

	Receiver method
	MMSE

	MIMO processing
	Beamforming

	Transmitter method
	Ideal BF weights

	Pilot power boosting
	No
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Figure 2 BLER performance
4. Conclusion
Our proposed DRS pattern with a density of six symbols can insure good performance of channel estimation in diversified situation and has low overhead, we recommend to adopt the DRS pattern shown in Figure 1 as the dedicated reference signal patterns for FS1 to support DL beamforming in LTE.
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