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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.
· Hybrid FDM/CDM of downlink ACK/NACK

In this contribution, the following open issues are further analyzed and some proposals are provided at the end.
· 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.

· ACK/NACK Control Channel Structure.

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 38 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 (for example every 10ms or 20ms to be verified), 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 +2 +1 = 15
	4
	8+4 +2 +1 = 15


	2

	Number of decoding attempts for the DL Scheduling  assignment (Worst case)
	5+2+1 = 8
	2
	5+2+1 = 8


	1


    Note: the worst case is when UE finds its control channel at the last aggregate of CCEs.
3 ACK/NACK Control Channel

3.1 Hybrid FDM/CDM for DL ACK/NACK

It was agreed Hybrid FDM/CDM multiplexing of the different UEs’ acknowledgements (i.e. Ack/Nack signalling). The main advantage is that Hybrid FDM/CDM multiplexing allows interference randomization. Also separate resource is set aside for Ack/Nack and the location of the resources reserved for the Ack/Nack is known to all UEs in advance. 

There are some questions to be addressed:

Currently, the proposals for Hybrid FDM/CDM multiplexing may imply that resources reserved for the Ack/Nack consist of multiple blocks each has 2x2 RE (2 OFDM symbols in time domain and 2 sub-carriers in frequency domain) corresponding to spreading factor of four (SF=4). This leads to Q1 and Q2 below:

Question1: is Ack/Nack part of the control? If yes, does it mean that at least 2 OFDM symbols must be used for control? Can it be seen as the change in working assumption from Riga meeting?   

Question2: does it mean that at least 2 OFDM symbols must be used for control in sub-frame with MBSFN?

Setting separate resource for Ack/Nack imply that UE must know the location of this resource before it can receive L1/L2 control and DL-SCH. Because DL-SCH is used to carry SU-1 and other SU, it means that resource for Ack/Nack must be signalled on BCH.

Question3: is “allocation of Ack/Nack resources must be signalled on BCH” a working assumption?

3.2 DL ACK/NACK as Part of the CCEs
An alternative simple Ack/Nack control channel structure is to define as a part of the CCEs. One CCE can carry up to four responses/ acknowledgements, assuming repetition rate of 1-bit to 6 bits:

· Scalable acknowledgements MxCCE (when M=1, 4x6bits = 24bits =12RE = 1CCE, with QPSK modulation).
· M is semi-statically configured from higher layers depending on number of users expecting acknowledgements.
· Cell specific mapping of all CCEs will randomize the interference.
In this proposal, the location of the Ack/Nack control channel must be known to all UEs. There are at least two possible ways to label the location:

· Last M CCEs of the control channel elements: depending on number of OFDM symbols (n ≤ 3) used for the control channels, the total number of CCEs is known to all UEs from Cat0. Then the last M CCEs are used for the Ack/Nack control channel for all UEs. 

· First M CCEs of the control channel elements: same as above, the total number of CCEs is known to all UEs from Cat0. Then the first M CCEs are used for the Ack/Nack control channel for all UEs. 
When Ack/Nack control channel is used as a part of the CCEs, an FDM multiplexing must be used among acknowledgements from different UEs. Further more, as a cell specific mapping/permutation is applied any way for all CCEs, the interference is also randomised for Ack/Nack control channel.

The advantage of the Ack/Nack as a part of the CCEs is that mapping is the same as any other control channels and it makes attractive for UE hardware implementation when doing de-mapping. Also allocation of Ack/Nack does not have to be signalled on BCH but on SU using DL-SCH.

4 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.
· Parameters signaled from higher layers to each UE in semi-static manner:

· MCS used for the control channel 

· A subset of CCEs to monitor (i.e. a number of specific CCEs)

· ACK/NACK resources for all UEs (M value)

· The Ack/Nack control channel to be part of the CCEs and the location must be known to all UEs, placing either at the first or last M CCEs.
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6 Appendix: Control Channels Payload Sizes

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

	UE ID/CRC
	16
	16
	16
	16

	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
	38
	40
	42
	43

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

	Effective Coding Rate (ECR)
	0.791
	0.833
	0.583
	0.597


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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1

