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1 Introduction

Currently several DL control channels are specified in the specifications [1]. These are 

· Format 0 is used for the transmission of UL-SCH assignments.

· Format 1A is used for the compact transmission of DL-SCH assignments for SIMO operation.

· Format 1 is used for the transmission of DL-SCH assignments for SIMO operation.

· Format 2 is used for the transmission of DL-SCH assignments for MIMO operation.

Nevertheless, the final formats of the DL control channels and their contents are not yet completed. In this contribution, we discuss the contents of the above control channels as well other remaining formats and their contents in order to complete the DL control channels for LTE specifications. However, D-BCH, RACH, PCH are separately discussed in [10][11].
2 Discussion on DL control Channels (FDD) 
Format 0 for UL-SCH assignments:

Format 0 is used for the transmission of the UL-SCH assignments. The information to be transmitted in this format is as follows:   
· CRC/UEID –16-20bit: MAC ID is implicitly encoded in the CRC. 
· Flag for format 0/format 1A differentiation – 1 bit: This bit can be explicitly signalled or it can be masked with CRC/UEID. It is not preferable to be masked with the CRC/UEID as it may increase the false probability of the control channel detection.
· Hopping flag – 1 bit: This bit enables/disables a UE to follow the cell-specific hopping pattern. 
· Resource block assignment and hopping resource allocation – 
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 bits: The number of bits required for the resource block assignment depends on the UL system bandwidth. It is to be noted that even when UE is hopping, it needs full use of the resource allocation bits within the UL system bandwidth.
· Transport format-[5bits]: 5bits is required to select the modulation and coding scheme. The transport block size can be computed from the resource block assignment.
· Retransmission sequence number-2bits: The new data indicator is included within these two bits.
· TPC command for scheduled PUSCH – 2 bits: This field has been agreed.
· Cyclic shift for DM RS-3bits: Our preference is to always include this field even when uplink MU-MIMO is not configured as it will impact the number of bits for compact DL grant (Format 1A). 
· [Transmit antenna selection]-1bit.
Format 1A for DL-SCH assignments:

Format 1A is used for the compact transmission of DL-SCH assignments for SIMO operation. It has been agreed that Format 1A to be same size as Format 0 to reduce the number of detection attempts for the DL control channels.
    Table 1. Fields for Format 0 and Format 1A:
	Format 0 (UL Grant)
	Format 1A (compact DL Grant)

	Field
	Bits
	Field
	Bits

	CRC/UEID 
	16-20
	CRC 
	16-20

	Format
	1
	Format
	1

	RB assignment
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	RB assignment
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	Transport format
	[5]
	Transport format
	[5]

	Retransmission sequence number (RSN)
	2
	RVI/NDI
	2

	TPC command for scheduled PUSCH
	2
	TPC command for PUCCH and persistent PUSCH
	2

	Cyclic shift for DMRS
	3
	Hybrid ARQ process number
	3

	Frequency hopping information
	  1
	Distributed transmission information
	1

	Tx antenna selection
	[0-1]
	
	

	Total in 5MHz Bandwidth
	Max: 44
	Total in 5MHz BW
	Max: 43


Format 1 for DL-SCH assignments:
Format 1 is used for the transmission of DL-SCH assignments for SIMO operation. The contents are summarised below:
· CRC/UEID –16-20bit: MAC ID is implicitly encoded in the CRC. 

· Distributed transmission flag – 1 bit: This flag is not needed as random distributed transmission is possible in this format with the resource block assignment.  
· Resource allocation header-[2-3bits]: 2-bits is required for RBG size P = 2 and 3-bits for RBG size P > 2, where the value of P is given in [2].
· Resource block assignment – 
[image: image4.wmf]é

ù

P

N

/

DL

RB

bits, where the value of P is given in [2].
· Transport format-[5bits]: From the table of 5bits for MCS scheme. The transport block size can be computed from the resource block assignment.
· HARQ process number-3bits. Eight HARQ processes were agreed in [2].
· RVI/NDI- 2bits. The new data indicator (NDI) is included within these two bits.
· TPC command for PUCCH and persistent PUSCH – 2 bits: This field has been agreed.
Format 2 for DL-SCH assignments with one codeword (Format 2A):
Format 2 is used for the transmission of DL-SCH assignments for SU-MIMO operation. In addition to the contents of Format 1, the following fields are intended for MIMO operation of one codeword:
· PMI Confirmation-1bit: eNB accepted the PMI and Rank reported by the UE or eNB received the PMI in error and have used the default PMI and Rank for this transmission.
· Precoding Matrix Indicator (PMI)- xx bits: Combination of PMI confirmation and explicit PMI indication is preferred [13].
Format 2 for DL-SCH assignments with two codewords (Format 2B):
In addition to the contents of Format 1 described above, the following fields are intended for SU-MIMO operation of two codewords:
· HARQ process number-0bits: Common HARQ process number for both codewords.
· Transport format for 2nd Codeword-[5bits]: From the table of 5bits for MCS scheme. The transport block size can be computed from the resource block assignment.
· RVI/NDI for 2nd Codeword - 2bits. New data indicator (NDI) is included within these two bits.
· PMI Confirmation-1bit: eNB accepted the PMI and Rank reported by the UE or eNB received the PMI in error and have used the default PMI and Rank for this transmission.
· Precoding Matrix Indicator (PMI)- xx bits: Combination of PMI confirmation and explicit PMI indication is preferred [13].
Format 2 for DL-SCH assignments with one codeword (Format 2A):
Format 2 is used for the transmission of DL-SCH assignments for MU-MIMO operation. In addition to the contents of Format 1, the following fields are intended for MU-MIMO operation of one codeword:
· PMI Confirmation-1bit: eNB accepted the PMI and Rank reported by the UE or eNB received the PMI in error and have used the default PMI and Rank for this transmission.
· Precoding Matrix Indicator (PMI) - xx bits: Combination of PMI confirmation and explicit PMI indication is preferred [13].
· Interfering Vectors- xx bits: Signalling of both the precoding vector for a scheduled UE and that for the interfering UE(s) is preferred [12]. 
Format 0A/1B for Persistent retransmissions of  DL-SCH and UL-SCH assignments
For persistent retransmissions, it is possible to use compact retransmission format where a limited number of MCS schemes are used relative to the MCS of the first transmission. Upto four MCS schemes can be used which are relatively below the MCS of the first transmission. Table 2 shows compact persistent retransmissions.
    Table 2. Fields for Format 0A and Format 1B:
	Format 0A (UL Grant Persistent retransmission)
	Format 1B (DL Grant Persistent retransmission)

	Field
	Bits
	Field
	Bits

	CRC/UEID 
	16-20
	CRC 
	16-20

	Format
	1
	Format
	1

	RB assignment
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	Transport format
	[0-2] 
	Transport format
	[0-2]

	Retransmission sequence number (RSN)
	2
	RVI/NDI
	2

	Frequency hopping information
	  1
	Distributed transmission information
	1

	Total in 5MHz Bandwidth
	Max: 35
	Total in 5MHz BW
	Max: 35


3 Semi-static configuration of the DL control Channels

Basically, there are three transmission modes for multi-antenna operations. These are SIMO operation, MIMO operation and Beamforming (BF) operation. It is understood that these modes can be semi-statically configured for each UE depending on the prevailing channel conditions. As a result, the number of control channels that UE monitors in each subframe is reduced as shown on Table 3. 
    Table 3. Semi-static configuration of the control channels:
	Semi-static configuration 
	Relevant Control Channels that UE need to monitor

	SIMO operation
	Format 1

Format 0/1A

Format 0A/1B (DL/UL Persistent retransmission)

	MIMO operation
-SU-MIMO/MU-MIMO with one CW
-SU-MIMO with two CW


	Format 2A (SU-MIMO/MU-MIMO  with 1 CW)
Format 2B (SU-MIMO with 2 CW)
Format 0/1A

Format 0A/1B (DL/UL Persistent retransmission)

	BF operation
	Format 2C (BF  with 1 CW)

Format 0/1A

Format 0A/1B (DL/UL Persistent retransmission)


4 Conclusions

In this contribution, we have discussed the DL control channel formats and their contents. It is shown that there are three multi-antenna transmission modes that can be semi-statically configured in order to reduce the number of control channels that UE needs to monitor in each subframe. Hence, we propose to adapt such semi-static configurations for LTE DL control channels and Table 3 be accepted.
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