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1 Introduction
Regarding non-overlapping RS (RS in adjacent NBs occupy different sub-carriers), the pros and cons have been identified through the discussions on the email reflector [1]. To deepen discussion, this document presents the issues of non-overlapping RS with power boosting and also shows its performance drawbacks.
2 Issue of Non-Overlapping RS
2.1 Necessity of RS power boosting for non-overlapping RS
Figure 1 shows an example of the power spectral densities of the two cells (NBs) with 2 Tx antennas in the case of non-overlapping RS. Green and pink indicate 3dB boosted RS sub-carriers, blue and yellow also represent data sub-carriers. Then green and blue, and pink and yellow are transmitted from the antenna #1 and #2, respectively.

For a UE, the power spectral density of RS sub-carrier from one antenna of a NB is aligned with that of data sub-carrier from two antennas of another NB. There is no CIR improvement by 3dB RS power boosting in comparison with overlapping RS (no boosting). In other words, in case of 2 Tx antennas, 3 dB RS boosting for non-overlapping RS is required to just reach break-even with overlapping RS on CIR and is a baseline of the following discussions. Of course some improvements may be obtained for channel estimation by larger RS power boosting.

[image: image1]
Figure 1. 3dB RS boost at NB with 2 antennas.
2.2 Power amplifier issue
As explained above, an RS power boosting of more than 3 dB, such as 6dB, is needed in order to get an RS CIR benefit. Figure 2 (a) shows an example 6dB boosting scheme. The RS power spectral density (PSD) is 3dB higher than the total PSD of the control/data channels from the serving cell. In other words, the RS PSD is 6dB higher than the PSD of the control/data channel per antenna. The total PSD of the control/data channels is constant over the sub-frame. This boosting scheme may degrade the transmission characteristics such as the mean square error and the adjacent channel leakage power because the total power of each antenna increases and the operating margin of the power amplifier decreases according to RS power boosting. The scheme has a heavier load on the power amplifier and a larger power amplifier may be needed.
An alternative scheme is to “steal” power from the adjacent data sub-carriers as shown in Figure 2 (b). The total power is kept as same as that of 3dB power boosting but the BLER performance of the data block (likely control data) may be sacrificed.

[image: image2]


[image: image3]
(a) 6dB boost


(b) 6dB RS boost & reduction of data power
Figure 2. RS power boosting schemes.
2.3 Impact on control and data signals
Equation 1 calculates the average CIR degradation of a coding block for the non-overlapping RS. Table 1 shows the average CIR degradations of the four configurations. “Short” and “Long” of coding block size indicate that their coding blocks are mapped onto the 1st OFDM symbol of the sub-frame and the entire sub-frame, respectively. These CIR degradations should be observed even if using ideal channel estimation, since they are due to the extra interference that the boosted interfering pilots from other cells create on the data symbols of the desired signal. Of course, the degradation is expected to be larger for the short coding block than the large coding block.

[image: image4.wmf]D

A

B

R

R

D

A

N

N

G

N

N

N

N

n

Degradatio

´

´

+

-

´

=

)

(



(Equation. 1)
Table 1. CIR degradation in case of 5MHz system bandwidth
	Symbol 
	Coding Block Size
	Short
	Long
	Short
	Long

	NA
	Number of TX ANT
	1
	1
	2
	2

	 
	Number of sub-carriers
	300
	300
	300
	300

	 
	Number of symbols per block
	1
	7
	1
	7

	ND
	Number of data tones per block
	250
	2000
	200
	1900

	NR
	Number of RS tones per block
	50
	100
	100
	200

	GB
	RS Boosting Gain [dB]
	3 
	3 
	6 
	6 

	 
	Degradation [dB]
	0.79
	0.21
	1.76
	0.43


3 Simulation Conditions
In order to show the performance drawbacks by RS power boosting for non-overlapping RS, simulation was carried out. Table 2 and Table 3 show the legend symbols in the simulation results and the simulation parameters [3].
Table 2. Legend symbols

	RS sub-carrier position
	

	NON-OVERLAP
	- RS in adjacent Node Bs occupy different sub-carriers (non-overlapping RS)
- RS power boosting: Figure 1
- Power ratio between RS and data sub-carrier: 6dB

	OVERLAP
	- RS in adjacent Node Bs occupy same sub-carriers (overlapping RS)
- RS power boosting: similar to Figure 2 (a), but RS are overlapping
- Power ratio between RS and data sub-carrier: 3dB

	Channel estimation type
	

	IDEAL
	- ideal channel estimation

	NON-IDEAL
	- non-ideal (real) channel estimation

(DFT-base channel estimation with thresholding in time domain)


Table 3. Simulation parameters

	Total number of cells
	3

	Number of interfering cell(s)
	2

	Power ratio between the interfering cells
	0dB

	System Bandwidth
	5MHz

	Sampling Rate
	7.68MHz

	Number of sub-carriers
	300

	Cyclic prefix
	Short CP

	RS sub-carriers spacing per antenna
	6

	Number of RS sub-carriers
	50

	GCL sequence length [2]
	53

	GCL index assignment
	random selection

	Modulation of data channel
	QPSK

	Channel coding
	Turbo code (R=1/3)

	Coding block size
	1 OFDM symbol (Short) and 

1 sub-frame (Long)

	Interleaver size
	same as coding block

	Number of Rx antennas
	2

	Number of Tx antennas
	2

	Transmit diversity
	cyclic delay diversity

	Channel model
	Typical Urban (TU) 


4 Simulation Results
Figure 3 (a) shows the block error rate (BLER) performances of the long code block. The impacts of the power boosted RS on the BLER performance are observed. The non-overlapping RS degrades the BLER performance in case of ideal channel estimation, because of the increased interference on RS. In case of the non-ideal channel estimation, the BLER degradation uses up the gains on channel estimation accuracy, and the net result is that the non-overlapping RS does not provide significant advantages on the BLER performance over the overlapping RS. 
On the other hand, in the cases of the short coding blocks, the non-overlapping RS degrades the BLER performance by 0.5dB as shown in Figure 3 (b). It is confirmed that the 6dB RS power boosting can impact the BLER performance of the short coding block.

[image: image5] 
[image: image6]
(a) Long Coding Block


(b) Short Coding Block

Figure 3. BLER of 5MHz system bandwitdh in TU channel
5 Conclusions

The issue of RS power boosting for non-overlapping RS was explained and its performance drawbacks were identified. Further study is required in consideration of L1/L2 control signal mapping and how to use adjacent sub-carriers of RS.
· Non-overlapping RS has almost the same performance of overlapping RS in the case of the long coding blocks for shared data channel.
· Non-overlapping RS has worse performance in the case of the short coding blocks (e.g., control channels).
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