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1. Introduction
As discussed in [1], it has been decided that the control channel should be transmitted on at most the first 3 OFDM symbols of a TTI. Further, at the RAN1#48bis [2] it was decided that at most 2 information bits should be used for indicating so-called “Cat0” information. The obvious usage of these bits would be to indicate the number of OFDM symbols allocated for the control channel (meaning that the Cat0 information is sent during the first OFDM symbol of each TTI). In this contribution, we would like to open the discussion of alternative usage of the Cat0 information.
2. Discussion

Given that 2 bits are allocated for Cat0 information, we have 4 states available for signalling, and in this contribution, we would like to discuss a bit on the usage of these stages.

One main concern is the decoding complexity of the control channel, which can be split into two issues. One is that the aggregation will lead to an extensive number of decoding attempts, and the second issue is that the allocation payload will be different for uplink and downlink allocations, causing the decoding complexity to effectively double. One approach to reduce this complexity would be to allow for a control channel element split of the allocation resources, such that downlink allocations are allocated from one end of the resource domain, while the uplink allocation signalling takes resources from the other end of the CCE domain, as shown in Figure 1. The principle of translating the CCE aggregation [3] into the tree structure has been discussed in [4]. It should be noted that the division of the resources might not be a hard division, but allow for overlapping allocations, such that some of the CCE might contain downlink or uplink allocations, depending on the control channel load. 
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Figure 1 illustration of the resource division principle, where uplink and downlink allocations are being assigned from each end of the CCE resource domain.  
Now, observing that having a maximum of 3 OFDM symbols for the control channel, we have an additional state, which can potentially be used for assisting the UE decoding of the control channel. A couple of alternatives are given Table 1 and Table 2. The situation in Table 1 takes the starting point that we want the full flexibility in the indication of the number of OFDM symbols allocated for control (1-3), while the example in Table 2 takes the starting point that 3 OFDM symbols are used as the default configuration (and is what we expect to be the normal operation). Here we assign 3 indicative switching points between uplink and downlink allocations. For the last case, we reserve a state for indicating an control channel configuration using 2 OFDM symbols with equal sharing of the uplink and downlink resources.
Table 1 Example of utilization of the states provided by having two bits assigned for Cat0 information. It should be noted that the indicative number of control channel element resources are merely examples, and that other values can be used (even higher layer signalling can be used for configuring these settings).
	Cat0 state
	Number of OFDM symbols for control
	Indicative number of control channel element resources allocated for DL allocations

	0
	3
	½

	1
	3
	¾

	2
	2
	½

	3
	1
	½


Table 2 Example of utilization of the states provided by having two bits assigned for Cat0 information. For this case, we have assumed that the three OFDM symbol for control channel per TTI is the default, while the two symbol case is used while having only a few users multiplexed.
	Cat0 state
	Number of OFDM symbols for control
	Number of control channel resources allocated for DL allocations

	0
	3
	¼

	1
	3
	½

	2
	3
	¾

	3
	2
	½


It should be noted that the switching border might not be a hard border between downlink and uplink resource allocations, but it could be indicative, such that the uplink and downlink allocations are allowed to continue a bit past the border, such that the number of decoding attempts by each UE is still limited. This principle is shown in 
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Figure 2 Figure to illustrate the potential indicative nature of the UL/DL allocation signalling border.
3. Conclusion and Proposal

Based on the discussion presented above, we suggest that if 3GPPA decides to proceed with Cat0 signalling, that it is used to partly indicate the number of OFDM symbols assigned for the control channel, and partly used for assisting the UE decoding, such that the number of decoding attempts by the UE can be reduced.
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