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1 Introduction
In this contribution we investigate the L1/L2 control channel performance for various transmission schemes.  We consider two schemes TDM [1]-[5] and scattered FDM [6]-[8].  In TDM the L1/L2 control signal is transmitted on the second OFDM symbol.  This may allow the terminal to shut down for the remaining TTI (“Micro-Sleep”), and allows for low latency and simplicity for decoding the control information.  The second scheme, scattered FDM, considered scatters the control channel throughout the TTI thus allowing for better Channel State Information (CSI) to be gathered from the many reference symbols in the TTI, as well as benefit from increased temporal diversity.  This two schemes where thoroughly compared in [7].
We investigate a method for improving TDM reception in which the UE trades in the benefits of “Micro-Sleep” for increased performance while maintaining the low latency advantage.  By using the reference symbols from the previous TTI, a UE can improve the CSI, especially at low mobility, and hopefully approach the performance of the FDM transmission.  This method would only be required for UE with low geometry so the majority of UE would still be able to receive the benefits of “Micro-Sleep”.  
We consider 4 options and decode each using only the reference symbols shown in the figures.  The first is scattered FDM in which the control channel is scattered throughout the TTI in both time and frequency.  The second, TDM Option 1, is what is normally referred to as TDM for the control channel, only the 1st OFDM symbol is used and the reference symbols are scattered in the OFDM symbol before it.  TDM Option 2 allows for a small “micro sleep” and only looks at the last 3 OFDM symbols of the previous TTI.  TDM Option 3 uses the reference symbols from the entire previous TTI, if the UE had received data in the previous TTI this information would already be available to it.  Not that for Options 2-4 the transmitted signal and latency for decoding is the same.
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Figure 1 Control channel placement Scattered FDM
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Figure 2 Control channel placement TDM-Option 1
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Figure 3 Control channel placement Option 2
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Figure 4 Control channel placement Option 3
1.1 Simulation Parameters

	BCH transmission bandwidth
	10 MHz

	FFT size
	1024

	Sampling frequency
	15.36 MHz

	Used sub-carriers
	601

	Channel model
	TU 3 km/h and TU 120 km/h

	Number of Tx antenna
	2

	Number of Rx antenna
	2

	Channel Estimation
	MMSE

	Coding
	Turbo Code Rate 1/3 with max-log-map

	Transmit Diversity
	SFBC

	Pilot Boost
	2.5 dB

	Payload Size
	400 bits


2 Results
Link Level performances are shown in Figure 5 through Figure 10.  
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Figure 5 BLER vs. SNR for Control channel over TU 3 km/h 
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Figure 6 BLER vs. SNR for Control channel over TU 30 km/h 
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Figure 7 BLER vs. SNR for Control channel over TU 120 km/h 
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Figure 8 BLER vs. SNR for Control channel over SCM-A 3 km/h 
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Figure 9 BLER vs. SNR for Control channel over SCM-A 30 km/h 
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Figure 10 BLER vs. SNR for Control channel over SCM-A 120 km/h 

By examining the perfect CSI curves, we see that there is very little of performance gain for FDM over TDM from temporal diversity.  Even at 120 km/h there is at most a 0.15 dB difference between the two schemes.  However, we do see a significant difference due to channel estimation error.  This is because the different schemes each have different numbers of reference symbols to use to estimate the channel.  In the above figures we see that at low 3km/h TDM option 3 actually outperforms Scattered-FDM by 0.1 dB this is because TDM option 3 has more reference symbols which allows better CSI and hence improved performance. Of course FDM is also able to capture the reference symbols from the previous TTI, however for brevity this was not simulated here.  At 3 km/h TDM option 2 performs 0.4 dB worse than Scattered FDMA, with TDM option 1 having the worst performance 0.7 dB behind Scattered FDM.
At 30 km/h, Scattered FDM and TDM option 3 have similar performance with TDM option 1 and 2 falling 0.6 and 0.4 dB behind respectively.  Finally at 120 km/h Scattered FDM shows a clear performance benefit over the TDM schemes.  This is because the reference symbols in the previous TTI are of very little use in channel estimation and even the small amount of extrapolation necessary to estimate the second OFDM symbol significantly adds to the channel estimation error.  The more complicated estimation strategies used for TDM option 2 and 3 result in their worse performance. 
3 Conclusions
One of the reported performance benefits of an FDM downlink control channel over a TDM arises from using both sets of reference symbols in each sub-frame instead of only the first set.  In this contribution, we show that this benefit can be reduced or eliminated by making use of reference symbols from the previous sub-frame, at the expense of the micro-sleep feature. 

This method does not allow for the user to enter “micro sleep”, however it does maintain the latency benefits of the TDM system.  As only users with poor geometry would have difficulty decoding this control channel, the UE could decide if it needed to stay awake and record the reference symbols or if it had a strong enough channel and could enter into a “micro sleep” period.
There are other benefits to FDM such as the ability to share power between control and data tones or reduced overhead as shown in [6].  However as we can see in this contribution, much of the detection gain can be eliminated by a simple UE process.  
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