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1
Introduction
In [1], four different formats are defined for DL-CCH: Format 0 for UL-SCH assignment, format 1 for DL-SCH assignment for 1 codeword, format 2 for DL-SCH assignment for 2 codewords, and format 3 for UL group TPC commands for PUCCH and persistent PUSCH. 

In this document, we propose detailed contents and bit-widths for each format. Moreover, we also introduce format 4, format 1A, and format 2A, which are used for the transmission of paging indicators, DL-SCH assignment for 1 codeword, and 2 codewords with restricted RB allocation and synchronous adaptive HARQ operation, respectively.

Note that formats 3 and 4 are detectable by using the corresponding group/special MAC ID and 12-long CRC while formats 0, 1, 2, 1A and 2A are detectable with the UE-specific MAC ID and 16-long CRC.
2
PDCCH Formats and Contents
Tables 1-7 specify the seven different formats used for different purposes. We designed the bit-widths so that they are less than 60 bits even in the worst case and around 40 bits or less in the best case. A few formats require similar number of bits and thus they may share a certain payload size via an additional header field.
Format 0 is used for UL-SCH assignment.
Format 1 is used for DL-SCH assignment for a single codeword transmission such as SIMO, SDMA, and rank-1 MIMO. Format 1A is a compact version of format 1 by restricting the RB allocation and allowing for only time-synchronous (adaptive) HARQ operation.
Format 2 is used for DL-SCH assignment for dual codewords transmission (i.e., rank > 1 MIMO). Format 2A is a compact version of format 2 by restricting the RB allocation and allowing for only time-synchronous (adaptive) HARQ operation.
Format 3 is used for group TPC for PUCCH and persistent PUSCH, where the TPC bit-width (either 1 or 2 bits) is configured semi-statically. 
Format 4 is used for paging indicators, which are jointly encoded into the PDCCH together with the resource allocation for the associated PDSCH transmission carrying the Paging messages. 

Table 1
Format 0: UL-SCH assignment
	
	Bitwidth
	Note

	Resource block (RB) assignment
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 is the number of uplink RBs available in the system. Start and length in RB. {25RBs, 50RBs, 100RBs} need {9bits, 11bits, 13bits}.  

	Transport format
	5
	32 levels of MCS (Compute transport block size from resource block assignment)

	Retransmission sequence number (RSN)
	3
	Separate new data indicator (1bit) and redundancy versions (2bits)

	TPC
	2
	TPC for non-persistent PUSCH 

	Cyclic shift for DM RS
	3
	Necessary for SDMA (less than 8 users)

	UL Index
	-
	Indicate which subframe(s) the grant is valid for. Necessary for TDD. Bit-width depends on DL/UL allocation

	Frequency hopping pattern
	1
	Frequency hopping or not hopping.

	Tx antenna selection
	1
	Necessary only if eNode B and UE supports adaptive antenna selection

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Total 
{25, 50, 100} RBs
	{40, 42, 44} bits
	-


Table 2
Format 1: Full-size DL-SCH assignment for 1 codeword transmission (SIMO/SDMA/MIMO rank-1)
	
	Bitwidth
	Note

	Header
	1
	Indication of “Alternative 1” or “Alternative 2” resource allocation.

	Resource block (RB) assignment
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	Bitmap to group of RBs where 
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 is the # of downlink RBs available in the system, M is the number of RBs per minimum allocation unit. 
{25RBs, 50RBs, 100RBs} need {13bits, 13bits, 20bits} for M = {2, 4, 5}. 

	Hopping flag
	1
	Flag to indicate whether resources are hopping at the slot boundary or not (Nd=2 assumed [4]). 

	Transport format
	5
	32 levels of MCS (Compute transport block size from resource block assignment)

	HARQ process ID
	3
	Max 8 HARQ processes

	Transport Block ID
	1
	MIMO CW1 or CW2 for retransmission combining buffer identification

	Retransmission sequence number (RSN)
	3
	Separate new data indicator (1bit) and redundancy versions (2bits)

	TPC
	2 
	TPC for PUCCH or persistent PUSCH

	Precoding Matrix
	3 or 4
	3 bits for 2Tx and 4 bits for 4Tx. Only rank-1 precoding matrices are allowed

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Total 
{25, 50, 100} RBs
	{48, 48, 55} bits
	 [Note] 2 Tx and M= {2, 4, 5}


Note that to dimension the “Resource block (RB) assignment” field in the DL assignment formats we assume “Alternative 1” approach with the bitmap of groups of RBs. The number of bits required for an allocation following “Alternative 2” is assumed to be smaller than or equal to the number in the table. 

Details on the allocation capabilities of different “Alternative 2” strategies are provided in [3]. 

Table 3
Format 1A: Compact DL-SCH assignment for 1 codeword transmission with restricted RB assignment and time-synchronous adaptive HARQ
	
	Bitwidth
	Note

	Resource block (RB) assignment
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	Assignment Structure B in [2][3] with the number of islands = 1: 
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 is the number of downlink RBs available in the system. {25RBs, 50RBs, 100RBs} need {6bits, 7bits, 8bits}.

	Hopping flag
	1
	Flag to indicate whether resources are hopping at the slot boundary or not (Nd=2 assumed [4]). 

	Transport format
	5
	32 levels of MCS (Compute transport block size from resource block assignment)

	HARQ process ID
	0
	HARQ process ID is derived from the subframe ID

	Transport Block ID
	1
	MIMO CW1 or CW2 for retransmission combining buffer identification

	Retransmission sequence number (RSN)
	3
	Separate new data indicator (1bit) and redundancy versions (2bits)

	TPC
	1 
	TPC for PUCCH or persistent PUSCH. 

	Precoding Matrix
	3 or 4
	3 bits for rank-1 precoder in 2Tx and 4 bits for 4Tx. Only rank-1 precoding matrices are allowed

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Total 
{25, 50, 100} RBs
	{36,37,38} bits
	[Note] 2Tx


Table 4
Format 2: Full-size DL-SCH assignment for 2 codewords transmission
	
	Bitwidth
	Note

	Common

	Header
	1
	Indication of “Alternative 1” or “Alternative 2” resource allocation.

	Resource block (RB) assignment
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	Bitmap to group of RBs where 
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 is the # of downlink RBs available in the system, M is the number of RBs per minimum allocation unit. 
{25RBs, 50RBs, 100RBs} need {13bits, 13bits, 20bits} for M = {2, 4, 5}. 

	Hopping flag
	1
	Flag to indicate whether resources are hopping at the slot boundary or not (Nd=2 assumed [4]). 

	TPC
	2
	TPC for PUCCH or persistent PUSCH. 

	Number of layers
	0 or 2
	Rank indicator. 0bit (format 1 or 1A is used if rank=1) for 2Tx, and 2bits (rank = 2, 3, or 4) for 4Tx

	Precoding Matrix
	2 or 4
	2 bits for rank-2 precoders in 2Tx, and 4 bits for rank-2, 3, or 4 precoders in 4Tx. Only non-frequency selective PMI is signalled

	Retransmission sequence number (RSN)
	5
	New data indicator (NDI) + redundancy version (RV)

Initial transmission always uses RV0-new data

Each codeword needs five states (RV0-new data, RV0-retx, RV1-retx, RV2-retx, RV3-retx), thus 25 states for 2 codewords

 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Transport block 1

	Transport format
	5
	32 levels of MCS (Compute transport block size from resource block assignment)

	HARQ process ID
	3
	Max 8 HARQ processes

	Transport block 2

	Transport format
	3
	8 levels of MCS offset relative to the MCS of Transport block 1 (Compute transport block size from resource block assignment)

	HARQ process ID
	3
	Max 8 HARQ processes

	Total 
{25, 50, 100} RBs
	{52, 52, 59} bits
	 [Note] 2 Tx and M = {2, 4, 5}


Table 5
Format 2A: Compact DL-SCH assignment for 2 codewords transmission with restricted RB assignment and time-synchronous adaptive HARQ

	
	Bitwidth
	Note

	Common

	Resource block (RB) assignment
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	Assignment Structure B in [2][3] with the number of islands = 1: 
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 is the number of downlink RBs available in the system. {25RBs, 50RBs, 100RBs} need {6bits, 7bits, 8bits}.

	Hopping flag
	1
	Flag to indicate whether resources are hopping at the slot boundary or not (Nd=2 assumed [4]). 

	TPC
	1
	TPC for PUCCH or persistent PUSCH. 

	Number of layers
	0 or 2
	Rank indicator. 0bit (format 1 or 1A is used if rank=1) for 2Tx, and 2bits (rank = 2, 3, or 4) for 4Tx

	Precoding Matrix
	2 or 4
	2 bits for rank-2 precoders in 2Tx, and 4 bits for rank-2, 3, or 4 precoders in 4Tx. Only non-frequency selective PMI is signalled

	Retransmission sequence number (RSN)
	5
	New data indicator (NDI) + redundancy version (RV)

Initial transmission always uses RV0-new data

Each codeword needs five states (RV0-new data, RV0-retx, RV1-retx, RV2-retx, RV3-retx), thus 25 states for 2 codewords

 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Transport block 1

	Transport format
	5
	32 levels of MCS (Compute transport block size from resource block assignment)

	HARQ process ID
	0
	HARQ process ID is derived from the subframe ID

	Transport block 2

	Transport format
	3
	8 levels of MCS offset relative to the MCS of Transport block 1 (Compute transport block size from resource block assignment)

	HARQ process ID
	0
	HARQ process ID is derived from the subframe ID

	Total 
{25, 50, 100} RBs
	{38,39,40} bits

	[Note] 2Tx


Table 6
Format 3: Group TPC for multiple PUCCHs or persistent PUSCHs

	
	Bitwidth
	Note

	TPC 1
	1-2 
	TPC for the 1st UE in the group

	TPC 2
	1-2
	TPC for the 2nd UE in the group

	…
…

	TPC N
	1-2
	TPC for the Nth UE in the group

	CRC/UE Group MAC ID
	12
	CRC masked by UE Group MAC ID


Table 7
Format 4: Paging Indicator

	
	Bitwidth
	Note

	PI 1
	1 
	PI (ON/OFF) for the 1st UE group

	PI 2
	1
	PI (ON/OFF) for the 2nd UE group

	…

	PI K
	1
	PI (ON/OFF) for the Kth UE group

	Resource block (RB) assignment
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	Bitmap to group of RBs where 
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 is the # of downlink RBs available in the system, M is the number of RBs per minimum allocation unit. 
{25RBs, 50RBs, 100RBs} need {13bits, 13bits, 20bits} for M = {2, 4, 5}. 

	CRC/PI MAC ID
	12
	CRC masked by Common special MAC ID for Paging Group


3
Conclusions 

In this document we proposed a design of seven formats and contents for PDCCH. A few formats require similar number of bits and thus they may share a certain payload size.
We propose to capture the proposal and the associated bit-widths in [1].    
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