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1 Introduction

In the last RAN1#48Bis meeting, the following working assumptions were agreed for the DL L1L2 Control structure:
· On control channel aggregation:

· Only a single size of the "control channel element" is defined (for a given bandwidth in the cell). This simplifies the overall structure and the reception procedure in the UE.

· Aggregation of multiple control channel elements can be used to get larger payloads and/or lower coding rate.
In this contribution, the following open issues are further analyzed and some proposals are provided at the end.
· Aggregation of the Control Channel Elements (CCE).

· The size of the Control Channel Element (CCE) and whether the CCE contains only useful resource elements (RE) or not.

· Payload sizes for different control channels: UL and DL control channels.

2 DL Control Channel Structure 

2.1 CCE Size
In order to accommodate the smallest possible control channel, it is beneficial to define a logical control channel element (CCE) measured in useful resource elements (RE). A size of 12 REs is acceptable. Other larger control channels can be formed by aggregating of multiple CCEs.
2.2 UL Control Channel
The UL Control Channel (i.e. UL scheduling assignment) has less payload bits than the DL scheduling assignment as shown on Table A1 at the Appendix. In that case, it is efficient to define as a separate control channel. For 5MHz, the payload is approximately 39 bits. Applying the highest coding rate of 2/3, the total occupied resources can be 24RE = 2CCEs.

2.3 DL Control Channel
The DL Control Channel (i.e. DL scheduling assignment) has more payload bits than the UL scheduling assignment as shown on Table A2 at the Appendix. For 5MHz, the payload is approximately 48 bits. Applying the highest coding rate of 2/3, the total occupied resources can be 36RE = 3CCEs. 
2.4 Coding Rates for the Control Channels
It is preferred that the coding rates 2/3, 1/3, 1/6 and 1/12 are supported based on the long term SNR at the UE. To get the lower coding rates from the control channel (i.e. UL Control Channel, UL Control Channel, etc), an aggregation of  1, 2, 4, 8 must be used, resulting in code rates of approximately 2/3, 1/3, 1/6, 1/12 [3-5].
2.5 Aggregation of the CCEs to form Control Channel
The DL and UL control channels are formed from aggregation of 1, 2, 3, 4CCEs, etc, depending on the required payload for each control channel. It must be noted that this kind of aggregation is different from the aggregation to get lower coding rates. Table 1 shows an example how to aggregate the DL and UL control channels for 5MHz bandwidth. 
Table 1. Example of aggregation of CCE for DL/UL control channels in 5MHz system.
	MCS
	2/3
	1/3
	1/6
	1/12

	UL
	2CCE
	4CCE
	8CCE
	16CCE

	DL
	3CCE
	6CCE
	12CCE
	24CCE


If the MCS used for each UE’s control channels is signalled from higher layer in semi-static manner or only when channel the MCS changes, then a significant reduction of the decoding attempts can be achieved. Table 2 shows an example of the number of decoding attempts for the case when MCS is unknown and when MCS is known (i.e. signalled from higher layers) at the UE. 

Assumptions for the example:

· UE expects separate DL and UL control Channels in 5MHz bandwidth.

· UE monitors a subset = 16CCEs.
· MCS = 1/3 is used for both DL and UL control channels:
· UL Control Channel:  when MCS is unknown, the aggregation is 2CCEs, 4CCEs, 8CCEs, 16CCEs corresponding to coding rate 2/3, 1/3, 1/6 and 1/12.
· UL Control Channel:  when MCS is known, the aggregation is 4CCEs corresponding to coding rate 1/3.
· DL Control Channel: when MCS is unknown, the aggregation is 3CCEs, 6CCEs, 12CCEs corresponding to coding rate 2/3, 1/3 and 1/6.
· DL Control Channel: when MCS is known, the aggregation is 6CCEs corresponding to coding rate 1/3.
In this example, in order to find either the UL control channel or DL control channel, UE has to search one at the time as they have different payloads resulting different number of CCEs to aggregate.

  Table  2.  Decoding attempts when MCS is known/unknown for coding rates 1/3 and 1/6  as in [3-4].

	 
	MCS = 1/3
	MCS = 1/6

	
	MCS unknown
	MCS known
	MCS unknown
	MCS known

	Number of decoding attempts for the UL Scheduling  assignment (Worst case)
	8 +4  = 12
	4
	8+4 +2  = 14

	2

	Number of decoding attempts for the DL Scheduling  assignment (Worst case)
	5+2 = 7
	2
	5+2 = 7

	1


3 Conclusions

In this contribution, some analyses of the DL L1L2 Control structure were provided and we propose the following lists:

· The minimum unit is the logical control channel element (CCE) measured in useful resource elements comprising 12 REs.

· The DL and UL control channels have different payload sizes, resulting different number of CCEs, Table A1 and A2 be accepted.

· To get the lower coding rates from the control channel (i.e. UL Control Channel, UL Control Channel, etc) an aggregation of 1, 2, 4, 8 must be used, resulting in code rates of approximately 2/3, 1/3, 1/6, 1/12.
· MCS used for the control channel must be signaled from higher layers to each UE only when needed.
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5 Appendix: Control Channels Payload Sizes

Table A1. UL Control Channel payload size approximation.
	
	5MHz
	10MHz
	15MHz
	20MHz

	UE ID/CRC
	16
	16
	16
	16

	Grant Format (UL or DL)
	1
	1
	1
	1

	Resource Assignment [6]
Log2 (N(N+1)/2)
	9
	11
	12
	13

	UL TPC
	[0-4]
	[0-4]
	[0-4]
	[0-4]

	TFI (MCS=2 and payload size =6)
	8
	8
	8
	8

	Freq Hopping
	1
	1
	1
	1

	Total bits
	39
	41
	43
	44

	Number of CCEs to aggregate with highest coding rate 2/3=0.667.
	2CCE
	2CCE
	3CCE
	3CCE

	Effective Coding Rate (ECR)
	0.812
	0.854
	0.597
	0.611


Table A2. DL Control Channel payload size approximation (Non-MIMO Case).
	
	5MHz
	10MHz
	15MHz
	20MHz

	UEID/CRC
	16
	16
	16
	16

	Resource Assignment [7]
	16
	28
	28
	37

	Multi-antenna info
	[0-3]
	[0-3]
	[0-3]
	[0-3]

	TFI (MCS=2 and payload size =6)
	8
	8
	8
	8

	HARQ related Info
(Process number = 3,redundancy version and new data indicator = 2)
	5
	5
	5
	5

	Total bits
	48
	60
	60
	69

	Number of CCEs to aggregate with the highest coding rate 2/3 = 0.667.
	3CCE
	4CCE
	4CCE
	4CCE

	Effective Coding Rate (ECR)
	0.667
	0.625
	0.625
	0.718
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