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1
Introduction

Beamforming has been agreed as a MIMO mode for TDD frame structure type 2. One of the open issues is the pattern of the dedicated pilot. Results on this topic have been presented in previous meetings [1]. In this contribution we investigate several patterns and present simulation results.
2
Dedicated Reference Signal
Two main issues need to be addressed with respect to the dedicated pilot pattern in DL TDD FS2: what should be the frequency granularity of the pilot and what is the placement in time of the pilots. These have been previously addressed in [1] where three granularities have been considered, that is every 6th, 4th and 3rd subcarrier. Regarding the time placement, one has to note that we have to take into account the control transmission which may occupy a variable number of symbols starting from the beginning of the resource unit.
Frequency granularity

Three frequency granularities are considered in this contribution, the corresponding patterns are presented in Figures 1, 2 and 3.
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     Fig 1: placement every 6th subcarrier in frequency                           Fig 2: placement every 4th subcarrier in frequency

        Fig 3: placement every 3rd subcarrier in frequency

The overhead of these three patterns are: 3.7% for the pattern in Figure 1, 5.5% for the pattern in Figure 2, 7.4% for the pattern in Figure 3.
Time placement

DL control signalling is decided to be sent in a configurable way, that is the number of the OFDM symbols needed for this purpose can be adjusted according to the needs. As a result, a flexible pattern design, regarding the time placement, is preferable. From this perspective we should take into account also the extreme cases when no control data is sent or when the whole resource unit contains control. The proposed placement is as follows: the first pilot is placed in the first symbol that contains beamformed data. As the number of control symbols is variable, the first beamformed data symbol will shift in time accordingly, hence the first reference symbol pattern will follow the same pattern. The second pilot in time is located in the last symbol, see Figures 4&5 for different possible scenarios.
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Fig. 4:  placement in time when control data is sent in first two symbols
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Fig. 5:  placement in time when control data is sent in first six symbols
3
Results and discussion
The parameters used in simulations are presented in Table 1. Three frequency granularities have been investigated transmitting 1RU or 4RU, Figures 6 and 7. First two symbols in time are assumed to be used by control, hence the remaining seven symbols are used for beamforming. Pilots are inserted in third and ninth symbols in time. As see in figures 6 and 7, there are marginal gains as the frequency granularity is increasing, however, not sufficient to justify a higher frequency granularity of every 6th subcarrier taking into account also the overhead. Moreover, as results show these gains are visible only if 1 RU is allocated which we believe it’s a marginal case. Hence as most of the time the number of resources would be greater than 1, this implies the pilot pattern should bring also the lowest overhead, that is the pattern shown in figure 1.
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Figure 6: 1RU transmitted, 4, 5 and 6 represent the total number of pilots transmitted per RU, hence 4 pilots corresponds to every 6th spacing, 6 pilots corresponds to every 4th spacing and 8 pilots corresponds to every 3rd spacing.

[image: image2]
Figure 7: 4RU transmitted, 4, 5 and 6 represent the total number of pilots transmitted per RU, hence 4 pilots corresponds to every 6th spacing, 6 pilots corresponds to every 4th spacing and 8 pilots corresponds to every 3rd spacing.
Regarding the adaptive placement of the first symbol in time, the case of first six control symbols was investigated. In this situation, only last three symbols are used for beamforming. Four cases are considered: in first three we send only one pilot in last symbol and investigate three pilots resolutions in frequency. The fourth case represents two pilots transmitted in time (positions seven and nine) and every 6th subcarrier in frequency. We note that good performance can be obtained if two pilots are sent in time even if there are only three beamformed symbols. Hence the case of only one pilot in time should be avoided.
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Figure 8: 1 RU, 1T represents one pilot in time, 2T represents two pilots in time while the freq. granularity is specified accordingly.

Table 1 Simulation parameters

	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Propagation channels
	3GPP TU

	Channel estimator
	Real 2D estimator using reference symbols

	Used Resources
	1 PRB(12 sub-carriers)/ 4 PRB(48 sub-carriers)

	Code type
	3GPP turbo code

	Modulation and coding
	64QAM 2/3

	# 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


4
Conclusions
In this contribution we have investigated the dedicated pilot pattern for DL beamforming in TDD FS2, in the case when the dedicated pilot placement does not overlap with the common pilot placement. Two issues have been addressed: the frequency granularity and the placement in time of the dedicated pilot. The following conclusions can be summarized:
· The frequency granularity should be every 6th subcarrier. 

· The first pilot symbol should be placed in the first symbols containing beamforming data, while the second pilot symbol should be placed in the last symbol containing beamforming data. 

Another alternative solution for dedicated pilot placement in DL TDD FS2 is using some of the positions of the common pilots. In this case common pilots could be sent from a limited number of antenna ports, for example antenna port 0, while dedicated pilots could be sent from one of the remaining antenna ports..
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