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1. Introduction

In last RAN1#47 meeting, basic working assumption was agreed on that the first 3 OFDM symbols in a 1ms subframe are used for L1/L2 control signaling for scheduling assignment. However, it is still under discussion whether ‘Cat0’ signaling is necessary to support multiple MCS for L1/L2 control signaling or to utilize the remaining resources in the first 3 OFDM symbols for data transmission [1]-[4]. In this paper, we suggest our view on the usage and necessity of Cat0 signaling.
2. Usage of Cat0 signaling
In this section, we suggest basic usage and operation of Cat0 signaling. For convenience’s sake, we call L1/L2 control signaling in first 3 OFDM symbols for DL/UL scheduling as ‘SCCH (shared control channel)’.
· Basic usage of Cat0 signaling
Cat0 information indicates the amount of resources used for scheduling signaling in first 3 OFDM symbols so that the remaining resources in first 3 OFDM symbols can be used for downlink data transmission.
· Cat0 signaling and variable coding rates for SCCH

Currently, we consider 3 coding rates for SCCH, that is, 2/3, 1/3, 1/6. Coding rate of 1/6 may be implied by simple repetition of 1/3 code and can be useful to avoid too large subcarrier transmit power for cell boundary UEs. In addition, we don’t consider any QAM modulation for SCCH.

The amounts of resource elements (subcarriers in one OFDM symbol) used by 1/6 code SCCH and 1/3 code SCCH are suggested being set 4 times and 2 times of 2/3 code CCH respectively. Furthermore, we suggest keeping the same set of resource element amounts for both downlink scheduling and uplink scheduling. For convenience, we call the amount of resource elements for one 2/3 code SCCH as ‘SCCH unit’.
Cat0 signaling indicates how many SCCH units are actually used for signaling in each TTI. Reading Cat0, UEs can know which part of first 3 OFDM symbols are used for actual SCCH transmission so that the remaining parts are used for data transmission.
For simple operation at UE side, we suggest the SCCH coding rate is semi-statically fixed at each UE point of view. In this case, a UE can try decoding possible SCCH positions under the assumption of its own assigned coding rate. Figure 1 illustrates this operation, where UE1 is assigned twice of the SCCH code rate for UE2. It should be noted that we are basically considering SCCH distributed over system bandwidth by subcarrier level, and the localized CCH in the figure is just for illustration.
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Figure 1  SCCH detection with Cat0 signaling
· Possible extension of Cat0 signaling

To decrease the SCCH decoding trial at UE side further, Node B scheduler can transmit SCCHs by order of coding rate. Then Cat0 signaling indicates number of actual SCCH transmission for each coding rate. In this case, a UE can know the frequency area of actual CCH transmissions with a coding rate assigned to it and try decoding SCCH within that area knowing the actual starting point of each SCCH transmission in that area. Figure 2 illustrates this operation. Again, it should be noted that we are basically considering SCCH distributed over system bandwidth by subcarrier level, and the localized SCCH in the figure is just for illustration.
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Figure 2  SCCH detection with extended Cat0 signaling
3. Cat0 signaling overhead
In this section, we analyze the signaling overhead caused by Cat0 signaling. Since there are many ambiguous points regarding SCCH design currently, we take freedom of the rough expectations on the SCCH numerologies below.

· Basic assumptions
· MCS for SCCH: QPSK and 3 nominal coding rates (r = 2/3, 1/3, 1/6)

· Number of resource elements for a SCCH transmission:  Three possible sets are considered.
Size Set1: 20 (r=2/3), 40 (r=1/3), 80 (r=1/6)
Size Set2: 30 (r=2/3), 60 (r=1/3), 120 (r=1/6)

Size Set3: 40 (r=2/3), 80 (r=1/3), 160 (r=1/6)
· Total number of resource elements available for SCCH transmission in the first 3 OFDM symbols in a 1ms subframe: 1344
· Number of resource elements available for data transmission in the remaining OFDM symbols: 

4032 for long CP and 5184 for short CP in a 1ms subframe

· MCS for Cat0 signaling: QPSK, r=1/6, 4 CRC bits are attached

With assumptions above, we set the maximum number of SCCH units supportable in the first 3 OFDM symbols roughly as 64, 44 and 32 for Size Set1, Size Set2 and Size Set3 respectively. Then, the required amount of resource for Cat0 signaling is calculated as follows.
· Required resource elements for Cat0 signaling indicating only number of SCCH units:

30 for Size Set1 and Size Set2, 27 for Size Set3

· Required resource elements for Cat0 signaling indicating number of SCCHs for each coding rate:

57 for Size Set1 and Size Set2, 48 for Size Set3

According to the calculation above, the required resource amount for Cat0 signaling is around 2 SCCH units. Assuming 2 SCCH units for Cat0 signaling, we calculated the percent overhead of SCCH signaling resource over data transmission in a 1ms subframe according to the number of actual SCCH transmissions (r=1/3 is assumed). For the case of no Cat0 signaling, we assumed the first 3 OFDM symbols are always reserved for SCCH transmission regardless whether actual SCCH transmission occurs or not. 
In figure 3, the results are shown. As easily expected, the gain of reduced overhead using Cat0 signaling is apparent when actual number of SCCH transmission is small to middle. 
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Figure 3  Percent overhead of SCCH transmission resources over data transmission
An alternative to Cat0 signaling can be to fix the number of actual SCCH transmissions semi-statically and signal that information via, for example, BCH. However, this approach put too much restriction to eNodeB scheduler and achievable system throughput by this approach is unclear. Therefore, we suggest usage of Cat0 signaling as basic assumption for E-UTRA downlink scheduling signaling.

3. Conclusions
In this paper, we introduced our view on the necessity and usage of Cat0 signaling, especially for efficient resource utilization and simpler UE operation for CCH detection. We suggest regarding that usage of Cat0 signaling as basic working assumption for E-UTRA downlink signaling.
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