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1. Introduction
This contribution examines the Cat0 transmission requirements, under various operating conditions, in terms of the required overhead to achieve a target BER which will not result into any appreciable impact the overall DPCCH BLER.
2. Simulation Assumptions
The simulation assumptions are provided in Table 1. 
	Parameter
	Assumption

	Cat0 Size
	2 bits

	Cat0 Coding
	Repetition

	PDCCH size
	40 bits

	Bandwidth
	5 MHz (2.0 GHz)

	Channel Model
	Ped. A, TU6, 10 Kmph

	Antenna Configuration
	1 or 2 (SFBC) at Transmitter, 2 at Receiver

	Channel Estimation
	Time Interpolation
	Averaging

	
	Frequency Interpolation
	Least Squares

	Buffering for Channel Estimation
	RS from Current and Preceding sub-frames


Table 1: Simulation Assumptions

Cat0 is assumed to be transmitted only in the first OFDM symbol of the DL sub-frame because the PDCCH may occupy only one OFDM symbol and its decoding latency should be minimized. For brevity, the Cat0 BER is presented only for 10 Kmph in order to capture the most important range of UE speeds for E-UTRA (for higher UE speeds, the only difference is an additional fractional dB penalty due to channel estimation losses).   

The BER is considered not as the error probability for 1 bit but as the probability that any of the 2 Cat0 bits is in error (in this sense, it is a stricter measure than the conventional BER and simply corresponds to the probability that Cat0 is erroneously received). 

As for the DPCCH transmission, the Cat0 transmission exploits the frequency diversity of the channel. The channel BW is divided into a number of regions equal to the number of Cat0 repetitions. For example, for 4 repetitions, the Cat0 transmission is at the {0, 1.5, 3, 4.5} MHz regions of the BW. 
The examined channel models are the TU6 and the PA. Since cell edge UEs (low SINRs) typically experience the full frequency selectivity of the channel, TU6 captures this. However, for smaller BWs or when there is some correlation between the 2 Rx antennas, a flatter channel model is more appropriate and the performance with the PA channel is also evaluated to capture a worst case (and pessimistic) setup and provide a lower performance bound.
3. Performance Results
Figure 1 presents the Cat0 BER (for any of the 2 Cat0 bits) for the PA channel with and without TX antenna diversity while Figure 2 considers the TU6 channel.
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Figure 1: Cat0 BER for the PA channel with and without Tx Diversity.
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Figure 2: Cat0 BER for the TU channel with and without Tx Diversity.

In order to avoid Cat0 impacting PDCCH reception, its target BER should be below the PDCCH BLER. Clearly, Cat0 transmission should be designed so that it is received with the target BER by scheduled UEs having the worst SINR in any sub-frame (Cat0 transmission characteristics should obviously be predetermined and cannot be adapted). Moreover, adaptation of the transmission power is always possible by reducing it in case the worst SINR of a scheduled UE is above the one required for the Cat0 provisioned resources and by possibly increasing it above the nominal level if the worst SINR is at the lowest 1%-2% of the geometry distribution. Nevertheless, robust Cat0 transmission should be ensured without relying on significantly boosting its transmission power above the nominal value.
To avoid over-dimensioning the resources required for Cat0 transmission, the target BER should be around 1% (or around the PDCCH target BLER) for the worst SINR of a scheduled UE at any sub-frame. This is adequate because the PDCCH reception of UEs in better SINR conditions will not be affected by Cat0 while for a scheduled UE with a worst possible SINR, the overall error probability of incorrect PDCCH decoding only increases from 1% to 2%.  
Figure 3 presents the geometry distribution for cases 1 and 3 of [1]. Case 3 presents the worse setup in terms of SINR and 96% of UEs have SINR above -5 dB. Figure 4 presents the PDCCH BLER with code rate 1/12 for the PA and TU channels with and without Tx diversity.
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Figure 3: Geometry distribution for Cases 1 and 3 of [1].
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Figure 4: PDCCH BLER for the TU6 and PA channels with/out Tx diversity.
Although the SINR distribution for scheduled UEs with a PF scheduler can be expected to be better than the average long term SINR distribution, because of the larger CQI errors at the lowest SINR regions and possibly because of delay sensitive traffic, the average SINR distribution can serve as a more conservative indication of the target SINR operating point. From Figure 1 and Figure 4, it can be observed that for flat channels, the PDCCH with the lowest code rate of 1/12 requires larger SINR to achieve 1% BLER than the corresponding one for Cat0 BER with 12 repetitions to achieve BER of 1%. For TU6 channel, having 12 repetitions for Cat0 (1 RB total overhead) is also adequate as the required SINR for 1% BER is below the 2% geometry CDF point.  
Table 2 summarizes the overhead Cat0 transmission over 1 RB represents for the various operating BWs as a percentage of the overall overhead, which is assumed to be 3 OFDM symbols (including RS and other overhead), and as a percentage of the total resources. Even at 1.25 MHz, this overhead is not significant compared to the ability to dimension the PDCCH with granularity of 0.5 or 1 OFDM symbols.
Table 2: Relative Cat0 Overhead
	
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	20 MHz

	% of Total Overhead
	5.3%
	2.7%
	1.3%
	0.7%
	0.3%

	% of Total Resources
	1.1%
	0.6%
	0.3%
	0.15%
	0.07%


4. Conclusions
This contribution evaluated the overhead requirements for the Cat0 transmission to achieve BER of about 1% at the lowest points of the geometry distribution. It is shown that with transmission capturing the frequency diversity of the operating BW, Cat0 repetition of about 12 achieves the desired BER targets. The corresponding overhead naturally varies with the operating BW but even for the smallest one of 1.25 MHz, this overhead is low compared to the savings in the PDCCH overhead in the range of 0.5 or 1 OFDM symbols (depending on the mapping between the Cat0 bits and the PDCCH size).
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