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1.1.1. Introduction
During the last 3GPP TSG RAN WG1 #48-BIS meeting in St.Julians, Malta, it was decided to use Category 0 signaling information transmitted in every subframe to signal the dynamic usage of control signal in the OFDM subframe. It was also decided to limit the information payload of Cat0 signal to maximum of 2 bits. In this document we discuss the requirements of Cat0 signaling and show simulation results on Cat0 coverage issues. Final we give a general structure description for Cat0 signaling.
2.1.1. Cat0 General Design
Cat0 signal in general can be structured in two ways. First structure is where Cat0 signal is separately designed from the L1/L2 control signal (CCE structure). This basically means Cat0 signal is structured so that is not part of any CCE design, in some sense something like the reference signal. The second structure is where Cat0 signal is treated as some form of L1/L2 control signal and structured as a part of CCE. The second structure give a clean solution when designing CCE structure and its permutation and RE mapping techniques. This means that the same inter-cell randomization and coordination techniques used for CCEs can be applied to Cat0 signal, and additional designing complexity is reduced. On the other hand inter-cell coordination techniques used on the control channel must be informed to the UE and broadcasted on the system. Since it is undesirable to increase information payload size of the P-BCH, if any inter-cell coordination information is to be transmitted it should be transmitted on the D-BCH, and since in order to read the D-BCH we need to read the control channel, and in order to read the Cat0 signal we need know the information on the D-BCH, we are faced with a paradox loop. So in general we prefer that Cat0 signaling be designed separately from the CCE design, described as the first structure.
It is our view that the Cat0 signal must be designed so that it could be read by almost all the UE in a cell. This is because there are cases where UEs need to read the control signal, even though they are not scheduled on any given subframe. One example is the PICH/PCH, even though UEs which are not scheduled at that instant might need to read the control channel to retrieve the paging information. Since Cat0 signaling information must be designed to give maximum coverage, we believe that Cat0 signal should be evenly distributed across the bandwidth. We also think the Cat0 structure should be made so that two or more Cat0 occupied resource elements (RE) be paired so that SFBC transmit diversity scheme can be exploited. This is because the current working assumptions for the control channel indicate that SFBC TxD is used for the control channel, and feel that the Cat0 signal should also support SFBC TxD scheme to uniformly align the specifications, and finally some form of inter-cell randomization and coordination should be applied.
As for the inter-cell randomization for Cat0, we could design the Cat0 signal so that Cat0 RE position is misaligned with other cells. Even though we have not decided whether RS hopping/shifting be enabled always or not, if RAN1 concludes to have RS shifting/hopping we could probably apply the same hopping/shifting techniques to Cat0 signal. A simple way do doing this would be positioning Cat0 RE relative to Kth RS position in the frequency domain, sort of like a RE offset. This way we could apply the same cell specific hopping/shifting techniques to Cat0 signal and the RS. Additionally this offset and relative RE position could be made specific to each cell, and tied with Cell ID. In addition to the possible hopping/shifting of Cat0 position, cell-specific scrambling on Cat0 REs is also necessary for further inter-cell interference randomization.
The number of OFDM symbols that the Cat0 signal information spans is an important factor in the signal structure design (From this point we will denote the number of OFDM symbols that the Cat0 signal occupies to M). Even though the number of OFDM symbols that the control signal can span is 3, it is preferable to fix the number of OFDM symbols the Cat0 signal spans. If we dynamically or semi-dynamically change the M value the UE must blindly detect the Cat0 in all of its possible positions, this will effect the Cat0 detection performance and undesirable. Also if M = 3 this could lead to problems where MBSFN subframe is mixed in the unicast radio frame, because in unicast/multicast mixed scenarios we have agreed that the MBSFN RS begin at the 3rd OFDM symbol, leaving 1st and 2nd OFDM symbols for unicast control signaling. In this respect we propose to fix OFDM symbols Cat0 signal occupies to the 1st OFDM symbol or M = 1.
Taking all the design criteria discussed above and laying out a specific structure for the Cat0 signal, we must first figure out how many resources Cat0 signal really require. So in our next section we have simulated Cat0 signal BLER performance with different coding rates.
3.1.1. Cat0 Coverage Simulation Results
Table 1 shows simulation parameters used to get the link level simulation results.
Table 1. Simulation parameters and configurations
	Parameters
	Value

	Bandwidth
	5 MHz

	Channel coding
	Simplex (3,2) Coding with Repetition

	Code Rates
	1/6, 1/12, 1/24

	Channel model
	AWGN, COST207 TU

	UE speed (km/h)
	3 Km/hr

	Channel estimation
	Ideal Channel Estimation

DFT based CE using only 1st RS and all 4 RSs in 1 subframe

	Number of antennas
	[2Tx, 2 Rx with SFBC] and [1Tx, 2Rx]


In our simulation we encoded 2 bits using (3, 2) simplex coding scheme, resulting in 2/3 code rate. For code rates 1/6, 1/12, and 1/24 we simply repeated 2/3 rate code. We realize that there could be an optimum 2 bit coding for each code rates, but since the number of information bits is so small (only 2 bits) the effective coding gain will be small. So for simulation and testing purposes we think this coding scheme is enough, but ultimately optimal coding scheme should be looked into when the exact code rate for Cat0 is decided. Table 2 shows the exact code we’ve used in the simulations
The encoded Cat0 signal was evenly placed over the entire bandwidth, in this case 5 MHz. For 2 Tx 2 Rx using SFBC, we have paired two symbols and applied SFBC, and positioned these SFBC symbol pairs evenly over the entire bandwidth.
Cat0 signal was only transmitted on the 1st OFDM symbol and to see the coverage performance for Cat0 we have simulated realistic channel estimation using only the RS in the 1st OFDM symbol, and also channel estimation using all the RS available in the subframe where Cat0 was transmitted.
We first need to determine the SNR point (or Geometry) of interest. So we’ve simulated a geometry distribution of uniformly dropped UEs in a cell with 1.732 Km ISD. Figure 1 shows the geometric distribution of uniformly dropped UEs.
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Figure 1. Geometric Distribution of UEs in a 1.732 Km cell
From this we need to determine how much coverage the Cat0 signal really needs. Obviously it won’t be a simple straight forward value, but here we have assumed that Cat0 signal will be required to reach 95% or 99% of the UEs in this distribution. 95% coverage leads to geometry of roughly -4.7dB, and 99% coverage lead to geometry of roughly -6.9dB. So our point of interest is Cat0 BLER roughly at the SNR ranges of -7dB to -5dB.
Figure 2 shows Cat0 BLER performance in AWGN channel with ideal Channel Estimation. Obviously the actual Cat0 performance (BLER) will be worse than the results shown in the AWGN channel with Ideal channel estimation, but from this simulation results we can see that we need at least a code rate of 1/12 to achieve BLER of 1% at the SNR range of -5dB ~ -7dB.
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Figure 2. Cat0 BLER in AWGN channel with Ideal Channel Estimation
Figure 3 shows Cat0 BLER performance in COST207 TU channel with realistic channel estimation using 1 Tx antenna and 2 Rx antenna. We can see that using realistic channel estimation we may need to require a code rate of 1/24 to achieve 1% BLER for Cat0 signaling. Cat0 performance using only the 1st RS is case where UE utilizes microsleep, and MBSFN subframes in unicast radio frame.
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Figure 3. Cat0 BLER with 1Tx2Rx antenna configuration in TU channel model with realistic channel estimation
Figure 4 shows simulation results when 2Tx and 2 Rx antenna is used. In the 2 Tx 2 Rx simulation case we have implemented a SFBC scheme for Cat0 as described in the document. We can see that SFBC technique gives diversity to Cat0 signal and achieves better performance, but even if with these results we see that in order to achieve BLER of 1% in the SNR ranges of -7dB ~ -5dB we need code rate of 1/24.
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Figure 4. Cat0 BLER with 2Tx2Rx antenna configuration in TU channel model with realistic channel estimation
4.1.1. Conclusion
In conclusion we propose a Cat0 signal design structure with following characteristics.
1. Cat0 Signal only in the 1st OFDM symbol

2. Evenly distributed Cat0 RE in the frequency domain (2 or more paired RE when SFBC TxD is used)
3. Use of interference coordination and/or randomization techniques that is inline with RS frequency hopping/shifting (detailed scheme is FFS)
4. Use of cell specific scrambling for encoded Cat0 information

Additionally from the simulation results we see the need for having 1/24 rate coding or equivalently 24 RE for Cat0 to give full coverage to most of the UEs in a cell. We think there could be some scenarios, where power boosting is available for Cat0 signals. In those cases Cat0 signal occupying resources less than 24 REs could be feasible. For example, if Cat0 signal is boosted we could get the same performance with less REs. Another example is when RS is boosted, then from the better channel estimation performance, we may not need 24 REs to get the same Cat0 BLER performance. In other words we think there is a need for Cat0 signal with at least 24 REs or time/frequency/power resources equivalent to 24 REs.
Finally we propose these conclusions to be the guideline for the Cat0 signal structure design.
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