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1 Introduction 
In the RAN1#48Bis meeting, the working assumption of having multiple Modulation and Coding Schemes (MCS) for DL L1L2 Control structure was agreed. In this contribution we discuss about the mechanism of signalling the change of MCS through L2 when the UE is in LTE_ACTIVE state. 
2 MCS Adaptation for DL Control Channel
Figure 1 shows the MCS to be employed for DL Control Channel for the LTE.  The circles within a cell show its coverage for DL Control Channel ranges with corresponding modulation type and coding rate that are specified as 2/3, 1/3, 1/6 and 1/12. An eNB can apply adaptive coding for the DL Control channel for a UE depending region in which UE present at any given time. 
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Figure1. MCS used for DL Control Channel
In order to accommodate the smallest possible control channel, it was thought beneficial to define a logical control channel element (CCE) measured in useful resource elements (RE).  A size of 12 RE for 1 CCE is proposed to RAN 1 [1]. Other larger control channels can be formed by aggregating of multiple CCEs.
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 [1].

	
	2/3
	1/3
	1/6
	1/12

	UL
	2CCE
	4CCE
	8CCE
	16CCE

	DL
	3CCE
	6CCE
	12CCE
	24CCE


With multiple MCS being used with a cell two possibilities exists. One is that the UE performs blind decoding on the DL control channel and the other is that the change in MCS for DL control channel is signaled from L2.
If the MCS used for each UE’s control channels is signalled from higher layer in when a change is needed, 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).

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


Looking at the number of blind decoding attempts required by the UE to find the control channel, we feel that it would significantly complicate the UE design. To alleviate the complexity of blind decoding at the  UE, we think that it is more beneficial to signal the MCS through eNB RRC/MAC layer whenever the change in MCS is needed.
 With this mechanism, the UE those are stationary or moving at a slow speed while in LTE_Active state will not require a frequent update and hence will not cause significant signaling overhead.
3 Mechanism for signaling MCS and other parameters
The change in MCS can be signaled through RRC Signalling or MAC Control Block explicitly or can be appended to MAC Data PDU.  
RRC Signalling can be considered as the baseline as it is very reliable and always will be acknowledged by the UE. Alternatively, MAC signalling could be used if faster signalling mechanism is needed. 

The MCS for the DL Control Channels could be encoded using a 2 bit fields within the control message as indicated in Table 3.

Table 3: DL Control Channel MCS field definition

	DL Control Channel MCS Type field 2 bits
	MCS Type

	00
	2/3 

	01
	1/3

	10
	1/6

	11
	1/12


If the DL Control Channel MCS is appended to the MAC PDU then a header field could indicate that the control information is appended to the MAC PDU.

4 Conclusions

In this contribution we analyze the number of blind decoding attempts required by the UE to find the control channel. Considering the large number of attempts required to decode the control channel, we feel that blind decoding for control channel would unnecessarily complicate the UE design. To alleviate the complexity of blind decoding at the UE, we propose that it is more beneficial to signal the MCS through RRC signaling or by MAC layer whenever the change in MCS is needed. We feel that RRC Signaling would be better considering the reliability it provides
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