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Discussion and decision
Introduction
Cat0 signals the resources used for the DL control channel. The information structure in the control channel depends on Cat0. Therefore every referenced UE must receive Cat0 with a sufficient low error probability in order to correctly decode the channel.
There are several factors to consider for the cat0 transmission like modulation, required error probability, transmission channel and interference.
Requirements for the reception of Cat0
In RAN1#48bis a conclusion was reached regarding the target quality requirements for the L1/L2 control signalling. The requirements are shown Table 1.
Table 1 Target quality requirements for the PDCCH
	· Event
	· Target quality

	· DL scheduling information miss detection
	·  (1e-2)

	· UL scheduling grant miss detection
	·  (1e-2)

	· NACK to ACK error (for UL-SCH)
	·  (1e-4)

	· ACK to NACK error (for UL-SCH)
	·  (1e-4)


The error probability requirement for the DL and UL scheduling information is 0.01 and because Cat0 must be considerable more reliable a requirement of 0.001 or 0.0001 seem feasible. Here we do not assume that the positions of the ACK/Nack signals are dependent on Cat0.

In a big cell there are very low SINR values at the borders like – 8 dB, at which we need to receive Cat0. We assume that we can use modest power borrowing between the CAT0 and CCEs. Power borrowing should never exceed 10 dB. The design goal would be that inside a case1 cell we would never need to use power borrowing for Cat0.
Transmission method for Cat0
As Cat0 is a single independent information unit consisting of two bits it is proposed to modulate it on a QPSK symbol and improve the transmission reliability by repeating it in frequency in the first OFDM symbol. Because of the small size of Cat0 we cannot really have any coding gains and we have to rely only on the diversity gain of the channel.
There are basically two questions that must be solved with this approach: How many repetitions do we need and shall we use localized or distributed repetition of the subcarrier? In order to have an answer we can use both theoretical reasoning and simulation techniques. There are a variety of channel realizations and we must also understand how the channel affects the probability for erroneous reception.
In Figure 1 we have a simulation of 16 repeated QPSK symbols transmitted with both localized and distributed subcarriers in different channel conditions. 
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Figure 1 Error probability for Cat0 with localized and distributed subcarriers
There are two observations we can do from the figure. First, channels with high diversity perform better than low diversity channels. Second, in high performance channels the distributed subcarriers scheme performs much better than the localized subcarrier scheme. We also see that the difference between the channel performances is very big. 

The worst case channel is the 1-tap Rayleigh fading channel. We assume that this channel occurs in practice quite near the BS, where single path reflections from the direct path could occur. This single path reflection is then probably quite strong and would be received with a higher SINR value.

The best channel is the 3GPPTU (19 taps), which occurs in mobile, rich scattering urban locations. This channel is not guaranteed to occur everywhere and can hardly be considered as a reference case.

The GSMTU (6 taps) is performing a little worse than the 3GPPTU but is also more likely to occur in practice. The contributions in LTE have often used GSMTU as a reference case and we also use it here for the Cat0 analysis. The GSMTU has a 0.001– 0.0001 error probability in the SINR range -1.5 to -3.5 dB region. With a modest power borrowing low SINR values like -8 dB can easily be reached. One should also remember that the transmission of Cat0 is very expensive in terms of subcarrier resources and more repetitions than 16 would happen at the expense of the number of the CCEs. The simulation is made with ideal channel estimation so we should reserve about 0.5 dB for the estimation error.
Cat0 must be transmitted in the first OFDM symbol in order to unambiguously signal the number of symbols used for the PDCCH. 

Interference considerations

As the sectors in a cell are time synchronized it is advantageous to transmit the Cat0s from the different sectors on different subcarriers in order to avoid inter sector interference. This could perhaps best be done by using the same distribution pattern but applying a specific frequency offset for the different sectors. This is most beneficial to the UEs resides in the border region between two sectors.
The use of 16 repeated subcarriers will generate strong correlated interference between the cells. In order to randomize this interference we propose to apply cell specific scrambling of the Cat0. 
Tx Diversity for Cat0

For simplicity, tx diversity for Cat0 should be the same as the tx diversity used on PDCCH. Additional diversity offered by multiple Tx antennas does not change the AWGN performance but slightly improves the performance under fading channel conditions. Tx diversity based on SFBC also requires that the repetition is done in clusters of neighboring subcarriers. For example, in case of two antennas and SFBC tx diversity, two neighboring subcarriers should always be used. 
Conclusion
Cat0 is expensive to transmit and the presented solution is a compromise between efficiency and reliability. To summarize, our proposal for Cat0 transmission is the following:

· The two Cat0 bits are QPSK modulated on a subcarrier, which is repeated 16 times in frequency
· The repetition pattern is spread over the whole transmit bandwidth for maximum frequency diversity

· Different sectors in a cell use frequency shifted versions of the repetition pattern

· In order to randomize the interference the Cat0 is scrambled with a cell specific signal
· Assuming the GSMTU model the error probability = 0.001 will be reached at about – 3 dB

With this scheme we can reach UEs at the cell border with a low error probability by using only a modest power balancing and complexity for Cat0.
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